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Abstract 

 

Even though early institutionalisation is known to compromise children’s development, 

limits remain in the understanding of how and why some children develop a pattern of 

indiscriminate social behaviour (IB) and others do not. This thesis aims to address that 

question, by assessing IB using both the caregiver’s report and observations, and by 

exploring multi-level influences. An introductory background (Chapter 1) reviews the 

literature on attachment disturbances and IB, and discusses current perspectives on their 

conceptualisation and what is known about etiological factors. This is followed by a 

description of the methods employed in various studies of this thesis (Chapter 2). The 

empirical studies investigate environmental (Chapter 3), neural (Chapters 5 and 6), 

and genetic (Chapter 7) influences on IB in Portuguese institutionalised children. 

Firstly, broad indices of adjustment are explored in relation to explanatory variables of 

the quality of care (Chapter 3). Greater caregiver sensitivity predicted reduced IB, but 

not other behavioural outcomes, in support of the role of the quality of micro-caregiving 

in explaining IB and IB as an independent construct. Before introducing the empirical 

studies of neural functioning, a systematic literature search summarises the findings of 

electrophysiological studies conducted with institutionalised children (Chapter 4). 

Next, findings of Event-Related-Potentials (ERPs) recorded while children visualised 

the face of their caregiver and a stranger are reported. In the first level of analysis, 

institutionalised children are compared to a group of family-reared children (Chapter 

5). Consistent with the literature, institutionalised children showed reduced amplitudes 

in occipital components. In the second level of analysis, two subgroups of the 

institutionalised children are compared: those who presented IB and those who did not 

(Chapter 6). Children with IB showed reduced amplitudes in occipital components, as 

well as alterations in the processing of the familiar versus unfamiliar face, suggesting 

that part of the effects attributable to institutionalisation are particularly shown by 

children who developed IB. Genetic influences on IB are explored in the last empirical 

study (Chapter 7), by testing the association between variations in one polymorphism 

of the oxytocin receptor gene and the presence of IB. Carriers of the A allele showed 

increased levels of IB. The final Chapter 8 integrates these results and discusses their 

implications for the understanding of IB and the development of children in institutional 

care, alongside future directions for investigation and policy. 
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Chapter 1 

 

General introduction 

 

Children develop attachments for reasons thought to be deeply rooted in 

evolution, to ensure the parental care required for their safety. Beyond the normative 

range of individual differences in children’s organisation of the behaviours that serve to 

maintain their proximity to a selected caregiver, particularly during times of stress, 

clinicians and researchers have described behavioural patterns believed to reflect 

disordered attachments that appear to be related to highly deviant experiences of early 

care. Historically, these disordered behaviours have been usually conceptualised in two 

forms, one characterised by disinhibited or indiscriminate approach and another by 

limited or absent signs of a selective attachment and extremely inhibited behaviour. 

Notwithstanding current divergences in the conceptualisation of these patterns of 

behaviour, particularly the indiscriminate type, empirical studies have been gathering 

considerable consistency in the definitions and findings arising from different studies. 

The socially indiscriminate pattern of behaviour is the focus of this thesis, which reports 

on several studies of children raised in institutional care—a context that is highly 

discrepant from what one might consider expectable patterns of care, and one in which 

indiscriminate behaviour is observed at high rates. In this introduction I will provide a 

comprehensive definition of this behavioural pattern, and summarise what is known 

about its aetiology and correlates in terms of environmental predictors, neural activation 

patterns, and genetic makeup, in order to provide the theoretical background for the 

multi-level approach employed in this thesis. 

 

Indiscriminate social behaviour: A behavioural profile associated with early 

institutional care 

 

A progressive discrimination and selectivity towards primary caregivers begins 

from around 6 months of age and consolidates at around 9 to 12 months in typically 

developing infants (Bowlby, 1958; Marvin & Britner, 2008). From 12 months onwards, 

infants who were reared in normative circumstances show clear evidence of an 

established attachment relationship to primary caregiving figures. This special 

relationship with caretakers is of utmost importance for survival, and infants appear to 

be highly adapted to elicit caregiving through a range of care-eliciting behaviours (e.g. 
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gazing, smiling, crying). Attachment relationships to primary caregivers continue to be 

vital throughout development, and the toddler or older child uses their newly acquired 

skills (e.g. crawling, reaching) to seek comfort and protection from those adult figures 

in increasingly sophisticated ways (Bowlby, 1969/1982).  

However, observations of children reared in settings that limit their opportunities 

to form selective attachments—such as prolonged institutionalisation or 

hospitalisation—have revealed that such circumstances are associated with the 

development of highly atypical behavioural patterns of relating to caregivers and 

unfamiliar adults. These observations were first reported over 60 years ago and 

progressively classified by clinicians and researchers in two distinct forms of atypical 

behaviour (Goldfarb, 1945; Provence & Lipton, 1962; Spitz, 1946; Tizard & Rees, 

1975). One such form is characterised by a lack of selectivity in approach and 

engagement of both caregivers and unfamiliar adults, thus called indiscriminate or 

disinhibited behaviour, whereas the other form is defined by a lack of focused 

attachments and extreme social withdrawal, referred to as inhibited behaviour.  

Since then a large body of research has confirmed these patterns of 

indiscriminate/disinhibited behaviour and inhibited behaviour, and demonstrated their 

consistent association with exposure to institutional care, foster-care following 

deprivation or multiple placements, or maltreatment (O'Connor, Bredenkamp, Rutter, & 

the ERA Study Team, 1999; Oosterman & Schungel, 2008; Smyke, Dumitrescu, & 

Zeanah, 2002; van den Dries, Juffer, van Ijzendoorn, Bakermans-Kranenburg, & 

Alinka, 2012; Zeanah et al., 2004). The current work focuses on the first behavioural 

pattern, which will be referred to as indiscriminate behaviour (IB). 

Historically, indiscriminate and inhibited behaviour have been considered two 

different presentations of the same phenomenon—i.e. attachment disturbances 

associated with neglect from early institutionalisation. Current understanding of these 

two behavioural presentations allow the following definitions. IB is a pattern of 

indiscriminate friendliness and lack of selectivity in proximity and comfort-seeking to 

adults, with an absence of wariness of strangers and disregard for social, verbal and 

particularly physical boundaries. In contrast, inhibited behaviour is characterised by 

social withdrawal, an absence of focused attachment behaviours directed toward 

caregiving figures (such as failure to seek and respond to comfort), and difficulties in 

emotional regulation and reciprocity.  

In spite of their supposed common origin, IB has been reported more frequently 

and more consistently than the inhibited form (Chisholm, 1998; O'Connor, Rutter, & 
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The ERA Study Team, 2000; Tizard & Rees, 1975; Zeanah, Smyke, & Dumitrescu, 

2002). There is also greater agreement regarding what behaviours are indicative of IB 

than there is regarding inhibited behaviour. There is also greater evidence of 

convergence between measures of IB within (Bruce, Tarullo, & Gunnar, 2009; Gleason 

et al., 2011; Oliveira et al., 2012) and between (Zeanah et al., 2002) studies than there is 

for inhibited behaviour. Thus, overall there is stronger evidence for the validity for IB 

as an independent construct. 

 Inhibited and IB also differ in their correlates and course. While the former is 

associated with difficulties in emotion regulation and internalising psychopathology 

(Gleason et al., 2011), IB frequently co-occurs with symptoms of 

inattention/overactivity (Gleason et al., 2011; Rutter et al., 2007). There is also a clearer 

association between attachment classifications (using standard measures such as the 

Strange Situation Procedure) and inhibited behaviour than IB (Zeanah, Smyke, Koga, 

Carlson, & The BEIP Core Group, 2005; I will return to this topic in the next section). 

In addition, there is some evidence of a possible critical period regarding IB, but not 

regarding inhibited behaviour (Rutter et al., 2007). Symptoms of inhibited behaviour 

also disappear in virtually all children previously raised in institutions once they have 

been placed in an adoptive family, with the establishment of a focused attachment to 

parents. In contrast, IB tends to persist over time, and for a significant number of 

children it persists even years after placement in an adoptive family and establishment 

of a selective attachment to parents (Chisholm, 1998; Gleason et al., 2011; Kreppner et 

al., 2010; O'Connor et al., 2000). The current conceptualisation of IB as a separate 

entity from inhibited behaviour will be addressed in the next section. For now, I will 

provide more detail on IB because it is the focus of this thesis.  

From an attachment theory perspective, IB signals a violation of the normative 

organisation of the attachment behavioural system, in that healthy infants show a 

discriminating preference for familiar caregivers as the recipients of their attachment 

overtures; for example, seeking proximity and physical contact, especially when 

disturbed (Bowlby, 1969/1982; Marvin & Greenberg, 1982; O'Connor et al., 1999). 

Even though the development of IB in an institutional setting might have an adaptive 

function, in terms of enabling engagement of overloaded and unresponsive caregivers 

(Chisholm, Carter, Ames, & Morison, 1995; Smyke et al., 2002), such a behavioural 

presentation will no longer be adaptive in other environments, such as an adoptive 

family or at school. In fact, IB is associated with quite poor outcomes including 

behavioural problems, increased service usage, and long-term impairments in social 
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functioning (Gleason et al., 2011; Hodges & Tizard, 1989; Kreppner et al., 2010; Rutter 

et al., 2007). 

Institutional rearing has been associated with increased rates not only of IB and 

other attachment problems but also with broad indices of maladjustment (Gunnar, van 

Dulmen, & The International Adoption Project Team, 2007; Wiik et al., 2011; Zeanah 

et al., 2009). Yet, despite the comorbidity between IB and the other behavioural 

problems that are also frequent in institutionalised children—especially 

ADHD/inattention-overactivity, aggressive behaviour or lack of inhibitory control—the 

behavioural presentation of IB is largely independent of them (Gleason et al., 2011; 

Rutter et al., 2007; Zeanah et al., 2002). Accordingly, there is consensus that IB 

constitutes a distinctive behavioural pattern that is indicative of a clinically significant 

disorder (Gleason et al., 2011; Rutter et al., 2007; Zeanah et al., 2002). 

In spite of the negative effects of institutional care on a broad range of 

developmental areas, socio-emotional development appears to show particularly 

pervasive and persistent effects (Bakermans-Kranenburg et al., 2011b). This is likely 

due to the fact that even in good-quality institutions, where basic nutritional and 

medical needs, as well as basic cognitive stimulation, are met, individualised and 

sensitive caregiving generally is not. Indeed, residential institutions are typically 

characterised by a large number of staff who rotate frequently and high children-to-

caregivers ratios, that limit children’s opportunities to form selective relationships to 

their caregivers and impose a climate of instability and unpredictability in children’s 

lives (Gunnar, 2001; van IJzendoorn et al., 2011). In addition to this structural or 

organisational limitation of institutional settings, it is not uncommon for caregivers to 

be discouraged from establishing an affective bond with children under their care (e.g. 

Tizard & Rees, 1975).  

Although IB has been most commonly associated with institutional care, such 

behavioural pattern has also been reported in children living in high-risk home 

environments or foster-families, where a stable caregiver is available (Boris et al., 2004; 

Lyons-Ruth, Bureau, Riley, & Atlas-Corbett, 2009; Oosterman & Schungel, 2008; 

Zeanah et al., 2004). Also, in institutionalised children IB is observed whether or not 

children have a favourite caregiver (according to staff reports), and in post-

institutionalised samples it tends to persist after adoption and after the establishment of 

an attachment relationship with adoptive parents (O'Connor et al., 2000; Zeanah et al., 

2002). In other words, IB may be observed alongside selective, discriminated 

attachment relationships (even secure ones) with a preferred caregiver (Bakermans-
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Kranenburg et al., 2011b; O'Connor & Zeanah, 2003b). In addition, a measure of the 

degree of development of attachment to the caregiver observed throughout the Strange 

Situation Procedure (SSP) in institutionalised children proved unrelated to interview 

ratings of IB—in contrast to the moderate association with inhibited behaviour (Zeanah 

et al., 2005). Taken together, this evidence suggests that IB is distinct from an 

established attachment relationship (Zeanah et al., 2005; counterarguments to this idea 

will be discussed in the next section) and has been argued to suggest that IB is not, in a 

straightforward sense, a form of disordered attachment behaviour.  

This co-occurrence of IB with an established selective attachment relationship, 

alongside other arguments, prompted the re-definition of this pattern of behaviour as a 

disorder of social engagement in the most recent version of the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-V; American Psychiatric Association, 

2013). 

 Within DSM-V the diagnostic criteria for Disinhibited Social Engagement 

Disorder are: 1) a pattern of behaviour in which a child actively approaches and 

interacts with unfamiliar adults and exhibits (at least 2 of the following): a) reduced or 

absent reticence in approaching and interacting with unfamiliar adults, b) overly 

familiar verbal or physical behaviour (that is not consistent with culturally sanctioned 

and with age-appropriate social boundaries), c) diminished or absent checking back 

with adult caregiver after venturing away, even in unfamiliar settings, and d) 

willingness to go off with an unfamiliar adult with minimal or no hesitation; 2) these 

behaviours are not limited to impulsivity but include socially disinhibited behaviour; 3) 

the child has experienced a pattern of extremes of insufficient care (e.g., rearing in 

unusual settings that severely limit opportunities to form selective attachments); 4) 

insufficient care is presumed to be responsible for the disturbed behaviour; 5) the child 

has a developmental age of at least 9 months old. 

 Even though in this thesis we will not use formal diagnoses of IB, the measures 

that we employed to assess it are generally convergent with these criteria—they will be 

described in detail in the Methods chapter (Chapter 2).  

To summarise, beyond the normative individual differences in attachment 

behaviour, behavioural profiles suggestive of attachment disturbances have been 

described in children exposed to institutional care or other forms of extremely 

insufficient care. Notwithstanding the lack of clarity concerning some aspects of the 

aetiology of IB and its relation to inhibited behaviour, there is consensus that this 
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behavioural pattern is associated with significant impairment and should be considered 

an individual clinical entity.    

 

What is the meaning of IB? Theoretical frameworks and current controversies  

 

 Where disturbances of attachment in general and IB in particular are positioned 

in relation to the continuum of attachment security, and whether IB should actually be 

considered a disturbance of attachment or not, will be discussed next. 

 As noted already, IB is considered to be essentially orthogonal to the construct 

of security of attachment (Chisholm, 1998; Chisholm et al., 1995; Lyons-Ruth et al., 

2009; Zeanah et al., 2005). The basic distinction is that while insecure, and especially 

disorganised attachment, confers increased risk for maladjusted developmental 

trajectories, IB has maladjustment as a core feature—in other words, disorganised 

attachment is not in itself evidence of psychopathology, while IB is considered a 

disturbed behaviour (Boris & Zeanah, 1999; Gleason et al., 2011; Green, 2003; 

O'Connor & Zeanah, 2003b; Rutter, Kreppner, & Sonuga-Barke, 2009). Furthermore, 

classifications of attachment security and insecurity or disorganisation are specific to a 

relationship dyad—evidence clearly suggests, for example, that children may show 

different patterns of attachment toward different carers (e.g., Steele, Steele, & Fonagy, 

1996). In contrast, attachment disorders are considered pervasive and are therefore 

manifested across interactions or relationships and across situations (Gleason et al., 

2011; Zeanah & Gleason, 2015).  

 Even though very increased rates of disorganisation are found in 

institutionalised samples, evidence shows that IB is dissociable from disorganisation 

and security of attachment (Gleason et al., 2011; O’Connor et al., 2003; Rutter et al., 

2007; van den Dries et al., 2012; Vorria et al., 2003; Zeanah et al., 2005). Indeed, 

despite moderate associations between security or disorganisation of attachment and IB, 

children who display IB have been found to show attachments to their caregivers that 

range from secure, through insecure, to disorganised (Chisholm, 1998; Gleason et al., 

2011; Lyons-Ruth et al., 2009; O’Connor et al., 2003; Rutter et al., 2007; also, see van 

den Dries et al., 2012 for evidence of lack of association between attachment 

classifications and IB). Although this view is generally accepted, the co-occurrence of 

secure attachment and IB has led some to question whether such attachments are truly 

secure in nature (Bakermans-Kranenburg et al., 2011b; Lyons-Ruth, 2015; O'Connor & 

Zeanah, 2003a; Zeanah & Gleason, 2015).  
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 The question of whether IB is or is not best conceptualised as a disorder of 

attachment has received great attention in the recent literature (Lyons-Ruth, 2015; 

Minnis, Marwick, Arthur, & McLaughlin, 2006; Rutter et al., 2009; Zeanah & Gleason, 

2010, 2015). This debate is closely tied to changes in DSM concerning this disorder. 

Ever since the third edition of the American Psychiatric Association’s DSM (1987), 

both emotionally withdrawn/inhibited and indiscriminately social/disinhibited 

behavioural presentations, associated with pathogenic parental care, were defined as 

Reactive Attachment Disorders (RAD) until the recent release of DSM-V (2013). Now, 

the diagnostic manual designates the first pattern as Reactive Attachment Disorder, 

whereas the latter, as discussed above, is labelled Disinhibited Social Engagement 

Disorder (DSED).   

 It is important to note that this alteration in the classification of DSED in DSM-

V has two important implications. Firstly, emotionally withdrawn/inhibited and 

indiscriminately social/disinhibited behaviour profiles are considered two entirely 

distinct disorders. Secondly, indiscriminately social/disinhibited behaviour is considered 

mainly a disorder of aberrant social behaviour rather than a disorder of attachment. 

 Regarding the first aspect, previous versions of DSM combined both 

behavioural profiles under the category of RAD, due to their commonalities. These 

aberrant behaviours were observed in children exposed to adverse caregiving, who 

showed an absence of attachments to their caregivers, either by not expressing any 

attachments or by expressing them non-selectively to both familiar and unfamiliar 

adults. The rationale for separating the two behavioural presentations on DSM-V is that 

despite the common experience of adverse caregiving, inhibited and IB have been found 

to have different correlates, course and response to intervention, in addition to their 

contrasting phenotypic presentations (Rutter et al., 2009; Zeanah & Gleason, 2010, 

2015).  

 The second aspect of the alteration has to do with the nomenclature given to IB. 

In removing it from the umbrella of RAD and calling it Disinhibited Social Engagement 

Disorder, DSM-V proposes that the core deficit of this disorder is not the lack of 

selective attachment but rather unmodulated and indiscriminate social behaviour 

towards strangers (Zeanah & Gleason, 2010). This is anchored in the argument that 

what research studies have reported is a disinhibition with unfamiliar adults, rather than 

with presumed attachment figures—with whom the child may show focused attachment 

behaviours (e.g. comfort-seeking). This perspective is based on the findings reported 

earlier of IB in children who had a selective attachment relationship.  
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 Further support for the argument that what is disinhibited is the behaviour 

toward strangers, which can co-exist with focused attachments to caregivers, was 

delineated by Zeanah and Gleason in their recent review (2015). The authors concluded 

that if attachment behaviours are directed toward strangers and caregivers alike, we 

would consider them to indicate disinhibition of attachment; yet, what could be 

happening in institutionalised children is a different scenario, suggestive of a disorder 

unrelated to attachment to caregivers. Specifically, they postulated that if we take into 

account that children in institutional settings who present those indiscriminate 

behaviours may not have had the opportunity to form focused attachments to their 

caregivers and, after adoption, they turn selectively to adoptive parents for comfort but 

continue to approach and engage strangers non-selectively, it is less clear if these 

approaches represent attachment behaviours. However, this reasoning can be disputed 

by other arguments and a different interpretation of research findings.  

 Most notably, Lyons-Ruth (2015) has recently called attention to the fact that the 

disinhibition toward strangers is still implicitly compared to the behaviour toward 

caregivers (otherwise how would we define what is non-normative?), so it implicates 

selectivity if one category of adults is being compared to another (for a description of 

preschoolers normative reactions to strangers in the SSP see Greenberg & Marvin, 

1982).  

Secondly, even though the argument that IB is unrelated to the quality of 

attachment to the caregiver—which has been central to the theoretical discussion on the 

meaning of IB and to the justification to “detach it” it from attachment—Lyons-Ruth 

presented what can be summarised as a number of problems raised by that claim. The 

first is that most studies reporting this finding did not assess the child’s primary 

attachment relationship, but rather a secondary relationship—usually with an adoptive 

parent providing high quality caregiving. Furthermore this secondary relationship was 

formed well after the initial period of attachment formation. Therefore limits remain in 

how confidently one can extrapolate from conclusions based on secondary relationships 

to primary ones. In fact, when the quality of the attachment relationship with the 

primary attachment figure was assessed (Gleason et al., 2014; Lyons-Ruth et al., 2009), 

disorganised attachment was related to IB. Another important consideration is that when 

more reliable assessments of the existence of a selective attachment to a caregiver in the 

institution were used (as opposed to interviewing the staff about the existence of a 

favourite caregiver, Smyke et al., 2002), the presence of such a figure was in fact related 

to reduced IB (Soares et al., 2014).  
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The last problem is that while children with IB can demonstrate security in their 

relationship with later attachment figures, it is not clear whether this secure-appearing 

behaviour is really secure (i.e., if it has the same correlates and promotes the same 

positive outcomes as attachment security in normative samples). Indeed, the meaning of 

secure behaviours with later attachment figures with concomitant displays of IB remains 

unclear. A related, methodological problem is that the use of the SSP and the resulting 

attachment classification in institutionalised children is limited because it assumes the 

existence of a selective attachment relationship, which is often not the case in these 

children (Dobrova-Krol, Bakermans-Kranenburg, van IJzendoorn, & Juffer, 2010; 

Zeanah et al., 2005).    

Indeed, the meaning and precursors of IB in institutionalised children and in 

home-reared children exposed to low-quality parental care or in never-institutionalised 

or early-adopted adoptees is most likely different (Dobrova-Krol et al., 2010; Lyons-

Ruth et al., 2009; O'Connor et al., 2000; Rutter et al., 2007). Not only were the 

environmental exposures different, but also the opportunities to form selective 

attachment relationships. Specifically, and particularly for children institutionalised 

beyond their second birthday, the window to form selective attachments could perhaps 

start to close, considering that the limits of the plasticity to form selective attachments 

after that age remain unclear.  

In conclusion, there is agreement in the field that IB results from early exposure 

to severely inadequate or insufficient caregiving. Yet, there is no consensus regarding 

the theoretical interpretation of IB. In accordance with this complex scenario, the 

current work aims to elucidate the specific characteristics of institutional care that relate 

to IB, including the use of a more-reliable assessment of whether a child has a preferred 

caregiver in the institution, as well as to investigate the neurocognitive and genetic 

mechanisms involved in IB. 

 

Which features of the adverse environment are associated with IB? 

 

The causal role of exposure to an adverse caregiving environment is at the root 

of descriptions and conceptualisations of IB. As mentioned earlier, this behavioural 

pattern was first described in children who were hospitalised or otherwise 

institutionalised for prolonged periods of time. A large and sound body of evidence has, 

since then, confirmed that this behavioural pattern is associated with histories of early 

institutionalisation or adoption following inadequate care (Dobrova-Krol et al., 2010; 
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O'Connor et al., 1999; Smyke et al., 2002; van den Dries et al., 2012; Zeanah et al., 

2004). 

The primary approach used by researchers to assess this exposure to institutional 

care has been via the duration and degree of deprivation. In post-institutionalised 

children who had been exposed to severely deprived institutions in Romania and were 

subsequently internationally adopted into the UK and Canada (Chisholm et al., 1995; 

O'Connor et al., 1999; O'Connor et al., 2000), IB was associated with the duration of 

institutionalisation that extended beyond 4-6 months of age. Furthermore, beyond this 

age there appeared to be a “dose-response” effect, with longer institutionalisation 

associated with worse outcomes. This linear association of IB with length of 

institutionalisation was subsequently replicated in a sample of international adoptees 

from East Europe and Asia (Bruce et al., 2009). Nevertheless, in the English and 

Romanian Adoptees project (ERA; O'Connor et al., 2000), duration of 

institutionalisation varied substantially in children displaying moderate to severe IB, 

and some children who experienced prolonged deprivation (up to two years) did not 

exhibit symptoms of IB.  

Also, IB has been found to be unrelated to parent’s reports of the degree of 

general deprivation (Bruce et al., 2009), or to physical growth or general cognitive 

abilities at adoption, which are thought to index nutritional and global deprivation, 

respectively (Bruce et al., 2009; O’Connor et al., 1999; O’Connor et al., 2000). In line 

with this, the relation between duration of deprivation and IB in the ERA sample was 

mediated by head circumference only in the non-sub-nourished subgroup of children, 

which supports that many negative effects of early deprivation occur without sub-

nutrition (Sonuga-Barke et al., 2008). 

Remarkably, IB has been described not only in institutions where children were 

globally deprived, but also in high-quality institutions that provided adequate medical 

care, nutrition, and general stimulation, but did not provide consistent, responsive, and 

individualised caregiving (Oliveira et al., 2012; Roy, Rutter, & Pickle, 2004; Tizard & 

Rees, 1975; Vorria, Rutter, Pickles, Wolkind, & Hobsbaum, 1998). However, even 

though institutional settings vary in type and degree of deprivation (Gunnar, 2001), 

most are characterised by high ratios of children to caregivers, high numbers of 

continuously-changing rotating staff, and interactions with caregivers that are rarely 

one-to-one and often lack responsiveness and emotional involvement (The St. 

Petersburg-USA Orphanage Research Team, 2008; Tizard & Rees, 1975; Vorria et al., 

2003; Zeanah et al., 2005). Therefore, the key ingredient of institutional care that 
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appears to be associated with the emergence of IB is psychosocial deprivation resulting 

from this particular aspect of structural neglect (Sonuga-Barke et al., 2008; van 

IJzendoorn et al., 2011).  

The first piece of evidence that it is not general deprivation but psychosocial 

deprivation that leads to IB came from Tizard’s study of children reared continuously, 

since early infancy, in residential nurseries in London (Tizard & Rees, 1975). These 

institutions were in many respects considered of high-quality—they provided a 

stimulating environment and high ratios of staff to children. However, children were 

cared for by large numbers of different staff members with a high turnover, and close 

personal relationships were discouraged. Even in the absence of global deprivation or 

histories of early adversity or multiple placements, which was a confound in earlier 

studies, displays of IB and a lack of established close relationships to caregivers were 

frequent (Tizard & Rees, 1975).  

The first study to empirically test the effect of lack of individualised and 

consistent care on IB came from the Bucharest Early Intervention Project (BEIP; Smyke 

et al., 2002). The BEIP was a randomised controlled trial of children placed in 

Romanian institutions or foster-care. In one of the institutions, a “pilot unit” was created 

where children were cared for by a reduced number of adults (i.e., there were fewer 

adults involved in children’s care). Compared to children in the “typical unit”, where 

more adults were involved in the child’s care, children in the “pilot unit” displayed less 

IB (Smyke et al., 2002).  

These findings suggest that dynamic and proximal characteristics of the quality 

of caregiving received, more than the mere experience of institutionalisation, explain 

the development of IB. A few studies have measured variables related to the proximal 

quality of caregiving with relation to IB, by assessing the favourite or key caregiver’s 

interactions with the child, mainly in terms of sensitivity and related constructs. 

However, results have been mixed. On the one hand, more sensitive behaviour of the 

adoptive mother was associated with lower IB in post-institutionalised and previously 

foster-cared adoptees in one study (van den Dries et al., 2012). On the other hand, in 

currently institutionalised children from the BEIP, quality of caregiving coded from 

naturalistic observations was not related to IB (Zeanah et al., 2005). Surprisingly, in 

Ukrainian institutionalised children with and without HIV infection, better quality of 

caregiving, in terms of sensitivity and non-intrusiveness of the main caregiver (coded 

from a short interaction without toys), was actually associated with more IB (Dobrova-

Krol et al., 2010). 
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We cannot exclude the possibility of the methodological differences between 

studies explaining their inconsistencies. Particularly the surprising positive association 

between IB and quality of care obtained by Dobrova-Krol and colleagues was based on 

codings from only 3-minute interactions. Nevertheless, the authors of the study 

proposed that even though this result could be seen as compatible with the earlier 

advanced hypothesis of an adaptive function of IB (i.e., to elicit caregiving from any 

available adult), it could simply result from the natural reaction of caregivers to 

children’s contact-inducing behaviours, that however do not promote children’s 

wellbeing because of the shallow nature of such contacts (Dobrova-Krol et al., 2010). 

In contrast, and in support of an association between proximal quality of care 

and reduced IB in currently institutionalised children, having a preferred caregiver in 

the institution (based on researchers’ observations and guided by the presentation of 

attachment behaviours) predicted reduced IB in currently institutionalised Portuguese 

toddlers—over and above prenatal and family risk conditions that preceded the child’s 

institutionalisation (Soares et al., 2014).  

In conclusion, there is growing evidence indicating that it is not general 

deprivation but psychosocial deprivation, characteristic of most institutional settings—

even today and in developed Western countries (Hamilton-Giachritsis & Browne, 

2012)—that promotes the emergence of IB. Existing literature further suggests that it is 

aspects of the micro-caregiving environment that each child experiences within an 

institution that play the most important role in determining children’s developmental 

outcomes (Bakermans-Kranenburg et al., 2011b). The fact remains, however, that only 

a few studies of institutionalised children have directly assessed the proximate process 

of caregiving quality and related it to IB, and the ones that did yielded in some cases 

inconsistent results (i.e., regarding the caregiver’s sensitivity). Thus, the specific micro-

caregiving qualities that explain variations in IB remain poorly understood and are 

difficult to investigate. In the Empirical Paper 1 (Chapter 3) we offer a comprehensive 

assessment of the institutional setting, from distal characteristics of the institution to 

proximal characteristics of the caregiver and her relationship with the child, in an 

attempt to better understand which are more relevant to explain the emergence of IB.  

 

What are the neural underpinnings of IB? 

  

 Institutional deprivation—at the sensory, cognitive, linguistic, and, especially, 

psychosocial levels—is associated with developmental delays and deficits that may no 
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doubt result, at least in part, from alterations in the underlying brain mechanisms 

(Nelson, 2007; Nelson, Bos, Gunnar, & Sonuga-Barke, 2011). However, the putative 

role of this adverse rearing experience on brain development and how that link may 

contribute to explain institutionalised children’s behavioural outcomes has only just 

started to be tested. We provide a systematic literature search of the electrophysiological 

studies with institutionalised children in Chapter 4. Therefore, here I will make a more 

succinct review and integrate it with the rationale to study the neural substrates of IB in 

institutionalised children. 

There are good reasons to think that exposure to such an extreme variant of early 

care will have a profound impact on brain development and that brain mechanisms are, 

in turn, involved in explaining institutionalised children’s displays of IB.  

First, neurodevelopment and, in particular, the “social brain” is, in many 

respects, dependent, or modulated by, experience, particularly during the early years 

(Fox, Levitt, & Nelson, 2010; Pechtel & Pizzagalli, 2011; Tomalski & Johnson, 2010). 

In institutionalised children, the absence of a consistent caregiver and lack of 

appropriate and individualised cognitive and emotional stimulation fall very short of an 

“expectable” rearing environment. Thus, when developing in such an environment, the 

young nervous system lacks the expected typical input, leading to an underspecification 

and miswiring of neuronal circuits, as well as possible problems with pruning of 

neurons and synapses that is dependent on experience (Nelson, 2007; Pechtel & 

Pizzagalli, 2011). There is growing evidence in support of this effect of institutional 

neglect on children’s brain development, which will be summarised later on. 

Second, before neuroimaging studies were conducted with institutionalised 

children, there were already indications in the literature that such adverse rearing 

environments affected neurodevelopment. That evidence came both from animal studies 

of early stress and maternal deprivation (Francis & Meaney, 1999; Ladd et al., 2000), 

and from human studies showing neurochemical dysregulation (Carlson & Earls, 1997; 

Fries, Ziegler, Kurian, Jacoris, & Pollak, 2005) and stunted physical growth and 

cognitive delays (Rutter & the ERA study team, 1998) in institutionalised children. 

Furthermore, the fact that severely reduced head circumference (a proxy of brain 

growth) resulted, in the ERA sample, from prolonged institutionalisation regardless of 

children having experienced sub-nutrition or not, supports the notion that psychosocial 

deprivation (in the absence of sub-nutrition), can have a major long-term effect on brain 

growth (Sonuga-Barke et al., 2008).  
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 Third, the persistence and resistance to change of displays of IB in many post-

institutionalised children after that major change in children’s environment that is 

adoption, as well as the likely existence of sensitive period(s) for relevant aspects of 

social development, make a strong case for the important role of neural substrates in the 

emergence and/ or maintenance of such behaviour. The prolonged exposure to the 

adverse environment is presumed to have an effect on brain structure and functioning 

such that it allows the individual to adapt to the environmental circumstances (such as 

displays of IB in response to exposure to the high rate of caregiver turnover that 

characterises institutional life; Marshall & Kenney, 2009; Rutter & O’Connor, 2004). 

This neurobiological response, operating at a sensitive period in development, is 

hypothesised to operate as an experience-adaptive programming and explain why IB 

persists after changes in environment (Rutter et al., 2007; Rutter & O’Connor, 2004). 

Such form of neurobiological adaptation does not occur, however, without high 

biological cost and increased risk for developmental problems, especially when the 

environment changes (McCrory, De Brito, & Viding, 2010).  

 Another way to look at this role of the brain is to consider that it acts as an 

endophenotype between a genetic predisposition and a behavioural outcome, in 

response to the environment. In other words, the dynamic between genes and 

experience (i.e., Genes x Environment interplay) means that the environment acts on the 

genome to regulate its activity in such a way that it guides and alters 

neurodevelopmental pathways (Segalowitz & Schmidt, 2008). Indeed, brain function 

and activity have been suggested to act as an endophenotype between GxE and 

behaviour problems or psychopathology (Anokhin, 2014; de Geus, 2010). In addition, 

neurobiological endophenotypes can also act as a factor of differential susceptibility to 

the environment, resulting in some children (those with more “plastic” brains) being 

more susceptible to both positive and negative environmental contingencies (Ellis, 

Boyce, Belsky, Bakermans-Kranenburg, & Ijzendoorn, 2011).  

 In summary, there are good reasons to think that the impact of early 

institutionalisation on children’s behaviour occurs, at least in part, via alteration in 

neurodevelopmental pathways. Accordingly, researchers have been very interested in 

investigating brain imaging and electrocortical activity correlates in children deprived 

of normative rearing experiences. Research in this field is somewhat scarce but fast-

growing.  

With the application of brain imaging methods to institutionalised samples, 

evidence is accumulating of alterations in the brain development associated with their 
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histories of early care. There are already substantial reports of anatomical and functional 

differences in (post-)institutionalised children, in comparison to their family-reared 

peers (Behen et al., 2009; Chugani et al., 2001; Eluvathingal et al., 2006; Gee et al., 

2013; Govindan, Behen, Helder, Makki, & Chugani, 2010; Maheu et al., 2010; Mehta et 

al., 2009; Sheridan, Fox, Zeanah, McLaughlin, & Nelson, 2012; Tottenham et al., 2011; 

Tottenham et al., 2010).  

In regard to electroencephalography (EEG) and their counterpart tool Event-

Related Potentials (ERP), given that it is the methodology employed in this thesis, 

findings will be summarised in more detail. An EEG signal of the on-going electrical 

activity of the brain is recorded non-invasively from electrodes placed on the scalp. 

Event-related potentials (ERP) correspond to the brain’s electrical responses to the 

occurrence of a specific event, such as the presentation of a visual stimulus. A 

measurement and averaging of the brain responses that occur during repeated 

presentation of a stimulus allow the detection of reliable patterns of brain activity, 

which are thought to reflect the neural and cognitive processes involved in the 

processing of that stimulus (Luck, 2005).  

Results from EEG and ERP studies conducted so far with institutionalised 

children will be reviewed in much more detail in Chapter 4. In summary, they have 

been providing consistent evidence of a cortical hypoactivation among institutionalised 

children (Marshall, Fox, & the BEIP Core Group, 2004; Moulson, Fox, Zeanah, & 

Nelson, 2009a; Moulson, Westerlund, Fox, Zeanah, & Nelson, 2009b; Parker, Nelson, 

& The BEIP Core Group, 2005a, 2005b; Tarullo, Garvin, & Gunnar, 2011; Vanderwert, 

Marshall, Nelson, Zeanah, & Fox, 2010). 

Research on ERP correlates of institutionalised children’s socio-emotional 

development has focused specifically on the neural processing of faces. The reason for 

this is the central importance of these stimuli for social cognition and the important role 

of experience in the circuitry involved in face processing (Nelson, 2001; Parker et al., 

2005a). Commonly assessed components implicated in face processing are the P1, 

N170, P400, P250 and Nc. The P1 is an early-positive posterior component representing 

an early sensory response to visual stimuli (Luck, 2005), believed to reflect low-level 

stimulus feature processing (Marzi & Viggiano, 2007). The N170 is a negative occipito-

temporal peak that follows the P1 and is a marker of face-sensitive perceptual 

processes, corresponding to the structural encoding stage (Eimer, 2011; Kuefner, de 

Heering, Jacques, Palmero-Soler, & Rossion, 2010). The P400 is also face-sensitive and 

hypothesised to partly constitute a developmental precursor to the N170 (Halit, de 
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Haan, & Johnson, 2003). The P250 is a fronto-central, early-positive component that 

reflects allocation of attention and is involved in configural face information processing 

(Marzi & Viggiano, 2007). The Nc is a fronto-central, mid-latency, negative component 

associated with increased attention to salient stimuli and recognition memory (de Haan 

& Nelson, 1997; Nelson, 2001). 

ERP recordings while children view faces have shown that, despite the general 

hypoactivation of the institutionalised children—patent in their blunted visual occipital 

ERP components—their differential processing of unfamiliar and familiar faces were 

similar to that of the family-reared controls (Moulson et al., 2009b; Parker et al., 

2005a). However, these investigations did not take into account the potentially 

important variation in children’s atypical social behaviour, such as IB. Given that IB is 

a frequent and persistent effect of institutional care, it will be relevant to take it into 

account if we are to understand the neural markers of early institutionalisation, as well 

as to understand correlates of IB at a level that precedes behaviour. 

 The neural substrates of IB were already examined in two investigations with 

post-institutionalised, international adoptees, one using EEG and another using 

functional Magnetic Resonance Imaging (fMRI) tools. The first study (Tarullo et al., 

2011) found that an increased concentration of spectral power in the low-frequency 

theta band, as well as reduced absolute high-frequency alpha power, at 18 months, 

predicted adoptees’ displays of IB at 36 months. These results indicate that a pattern of 

hypoactivation in children with histories of adverse early care correlates with IB. The 

second study (Olsavsky et al., 2013) found that adopted youths showed reduced 

amygdala differentiation of the mother’s and a stranger’s face (compared to family-

reared controls) and this lack of discrimination was positively correlated with reports of 

IB. 

 Until recently, no studies of the ERP correlates of atypical social behaviour in 

institutionalised children have been published. As part of the larger project that this 

thesis is a part of, a brief report by our team (Mesquita et al., 2015) reported preliminary 

findings of such an investigation for the first time. Institutionalised children who 

presented atypical social behaviour were compared with institutionalised children who 

did not present such behaviour. The findings indicated that those presenting atypical 

social engagement showed a reduced P1 amplitude when compared to children who did 

not present such behaviour. This result is in line with, and extends findings from the 

BEIP study, where institutionalised children had smaller amplitudes in occipital 

components than family-reared controls. Subsequently, children displaying different 
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types of atypical social behaviour, indiscriminate or inhibited, were contrasted. 

Compared to inhibited children, who differentiated the face of the caregiver from the 

stranger’s in N170 amplitudes, indiscriminate children failed to show any signs of 

discrimination between the two faces. These different patterns of response to face 

familiarity between inhibited and indiscriminate children suggest that atypical social 

engagement profiles modulates face processing.  

In summary, ERP findings so far indicate that institutionalised children show 

evidence of cortical hypoactivation when processing faces, regardless of familiarity, 

when compared to children continuously reared with their families. However, a 

significant limitation remains: most investigations have relied on the same sample of 

Romanian children, and even the small number of studies that have included 

international adoptees from other countries were to a great extent limited to Eastern 

Europe and Asia—where many aspects of the quality of care and of children’s 

admission to the institution might have differed from those of children placed in 

Western institutions. In addition, regarding the specific investigation of ERPs of face 

familiarity in institutionalised children, it has only been conducted with the BEIP 

sample, therefore existing findings have yet to be replicated in children residing in 

good-quality Western European institutions, who were institutionalised later in life and 

for different reasons from those of Eastern countries. Furthermore, our recent report 

(Mesquita et al., 2015) suggested that distinct atypical behaviour profiles may be 

associated with differences in the processing of face familiarity, however a comparison 

family-reared group was not available nor were children with IB compared to children 

without IB. Accordingly, in the Empirical Paper 2 (Chapter 5) we compare the neural 

processing of face familiarity in a sample of children currently in good-quality 

institutions in Western Europe to that of home-reared children. In the Empirical Paper 3 

(Chapter 6) we focus on the institutionalised group and test whether the presence of IB 

modulates the findings obtained in the comparison to home-reared controls.  

 

Is IB influenced by the individual’s genetic makeup? 

 

 As we have seen in the previous section, there is burgeoning interest in 

understanding how early adverse experiences impact on the developing brain, hoping 

that this will improve our understanding of the emergence of psychopathology and, 

ultimately, enable more effective interventions (McCrory et al., 2010). The functioning 

of several neural and hormonal circuits is, as mentioned before, biased by the 
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individual’s genetic predisposition, and these biases act throughout the life course and 

in response to environmental contingencies (Viding, Williamson, & Hariri, 2006). 

Therefore a relevant question emerges: do individual differences at the genetic level 

contribute to explain variations in displays of IB in children exposed to institutional 

care? 

 In face of the difficulty to account for the emergence and persistence of IB 

solely based on characteristics of the environment—i.e., not all children exposed to the 

same degree of adversity exhibit IB and in some children IB persists after adoption to 

positive family environments—researchers have already hypothesised the contribution 

of genetic differences to this behaviour (Bakermans-Kranenburg, Dobrova-Krol, & 

IJzendoorn, 2011a; Drury et al., 2012; Minnis et al., 2007; Soares, Belsky, Mesquita, 

Osorio, & Sampaio, 2013). 

 There are three studies that investigated genetic effects on IB. One is a twin 

study with eight year-olds from the general population (Minnis et al., 2007). This work 

demonstrated that both genetics and environment—shared and non-shared—explained 

these children’s disinhibited behaviour scores. Despite gender differences, for both 

genders additive genetic effects were estimated to surpass 50% (Minnis et al., 2007). 

Nevertheless, these results warrant caution because they were obtained from a 

community sample, and interpretations of behaviour indicative of attachment disorders 

or IB in the absence of aberrant early care cannot be directly generalised to displays of 

IB in institutionalised or otherwise neglected/ maltreated children. Furthermore, the 

population variance attributable to genetic factors is likely to be lower in a subsection of 

the population exposed to a major adverse environmental influence known to impact on 

the trait being investigated (Rutter, Moffitt, & Caspi, 2006). 

 The other two reports are the only published research, to the best of our 

knowledge, reporting genetic associations with IB (Bakermans-Kranenburg et al., 

2011a; Drury et al., 2012). The first one is a very small study with Ukrainian children in 

institutional care (Bakermans-Kranenburg et al., 2011a). The authors found evidence of 

a moderating role of the serotonin transporter gene (5HTT) genotype for the association 

between adverse environment and attachment disorganisation, but no results emerged 

for IB. However the small sample size might explain this null result. 

 The other study was carried out with the Romanian sample from the BEIP 

(Drury et al., 2012). The polymorphisms of two genes—the brain derived neurotrophic 

factor (BDNF) and the serotonin transporter (5HTT)—considered to index increased 

plasticity, were associated with the highest levels of IB in children who remained 
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institutionalised and the lowest levels of IB in children placed in foster-care. In contrast, 

children without at least one of these “plasticity genetic variants” demonstrated little 

difference in levels of IB over time and no group-genotype interaction. These results are 

consistent with a previous study from the English and Romanian Adoptees (ERA) team 

which found that prolonged institutionalisation in early life, associated with the 

“plasticity” variant of the 5HTT promoter polymorphism, was linked to more emotional 

problems in adolescence. Moreover, the “plasticity” variant of the 5HTT was associated 

with increased or decreased emotional problems depending on whether the adolescent 

had experienced a high or low number of stressful life events between 11 and 15 years 

of age (Kumsta et al., 2010). Overall, these findings provide initial evidence for genetic 

influences in the explanation for why some children exposed to institutional care 

develop IB while others do not.  

 Notwithstanding these important advances, an obvious candidate when studying 

social behaviour is the oxytocin receptor gene (OXTR), which has never been tested in 

relation to IB (but see Bakermans-Kranenburg & van IJzendoorn’s meta-analysis, 2014, 

which included social behaviour as an outcome). We saw in the previous section that a 

biological programming effect might operate in, and explain the persistence of, IB 

(Rutter et al., 2007; Rutter & O’Connor, 2004). The possibility that this likely involves 

the early programming of neuropeptide systems, specifically the oxytocinergic and 

vasopressin—which have been associated with reproductive, bonding and affiliative 

processes (Carter, 1998)—was advanced by Rutter some years ago (Rutter, 2006). 

However, the oxytocinergic system’s involvement in IB has never been subjected to 

empirical testing.  

 The OXTR is a logical candidate in this field for several reasons. The OXTR is 

the gene encoding the receptor for the neuropeptide oxytocin (OT), and increasing 

evidence indicates that human attachment and social behaviour are mediated in part by 

the extended oxytocinergic system, including peripheral levels of OT and 

polymorphisms in the OXTR (Feldman, 2012). OT is an evolutionarily conserved 

neuropeptide that is critically involved in regulating social behaviour such as social 

recognition, mother-infant attachment and pair bonding (Carter, 1998; Winslow & Insel, 

2002). Levels of OT have not only been associated with social behaviour in healthy 

humans but also in atypical development. Intranasal and intravenous administration of 

OT has been found to increase social cognition abilities, trust, and the experience of 

attachment security (Buchheim et al., 2009; Domes, Heinrichs, Michel, Berger, & 

Herpertz, 2007; Kosfeld, Heinrichs, Zak, Fischbacher, & Fehr, 2005; Savaskan, 
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Ehrhardt, Schulz, Walter, & Schachinger, 2008), as well as improve social cognition 

and social engagement in individuals with autism (Andari et al., 2010; Guastella et al., 

2010; Hollander et al., 2007). 

 Given the association of OT with affiliation and bonding, it has also been 

studied in individuals who were reared in species-atypical conditions. Such studies 

revealed that lower levels of OT were associated with adults’ histories of adverse 

parenting (Heim et al., 2009; Meinlschmidt & Heim, 2007). Remarkably, in adopted 

children with a history of early institutionalisation, a smaller rise in urinary OT was 

found after an interactive episode with their mother, compared to children without such 

a history (Fries, Zigler, Kurian, Jacoris, & Pollak, 2005).  

 In addition to having direct effects on social behaviour and attachment, the 

oxytocinergic system interacts with other biological systems that have important effects 

on behaviour (Feldman, 2012)—particularly those relevant for behavioural and 

neuroendocrine responses to social stress (Kirsch et al., 2005; Meinlschmidt & Heim, 

2007). Interestingly, it has been proposed that OT, in conjunction with other biological 

systems, is implicated in the seeking of affiliative contact in response to stress in such a 

way that it promotes or hinders wellbeing according to the quality of the surrounding 

environment (Taylor, 2006). Specifically, in the presence of positive affiliative contacts, 

OT attenuates psychological and biological stress responses, but when contacts are 

hostile and unsupportive, OT may exacerbate psychological and biological stress 

responses (Taylor, 2006). 

 In summary, research findings suggest that disruptions involving OT are a 

plausible candidate mechanism through which early adverse environments lead to 

greater vulnerability to stress and stress-related psychosocial outcomes (Cicchetti & 

Rogosch, 2012; Thompson, Parker, Hallmayer, Waugh, & Gotlib, 2011). Even though 

the relation between OT levels and the OXTR is not very well understood (Bakermans-

Kranenburg & IJzendoorn, 2014; Brüne, 2012), there are indications that variations in 

the OXTR are implicated in responses to adverse environments at the level of social 

behaviour.  

 Indeed, following the insights from the clinical research with OT, particularly 

concerning its relationship to vulnerability to and treatment of psychiatric disorders, the 

OXTR rs2254298 polymorphism has been studied extensively with regard to its 

association with various psychological dimensions (Brüne, 2012); therefore this single 

nucleotide polymorphism (SNP) was selected for inclusion in this thesis. From the 

literature linking the OXTR rs2254298 with several phenotypes related to attachment 
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and social behaviour, social cognition, autism, and psychopathology, this SNP appears 

to be a promising starting point to investigate the contribution of OXTR variations to 

institutionalised children’s frequent displays of IB. 

 Even though the literature has thus far failed to provide a consistent picture 

regarding which variant of this SNP confers increased vulnerability for disadvantageous 

or atypical social phenotypes, the A allele has usually been considered the “risk” allele 

(Chen & Johnson, 2012; Kawamura et al., 2010; Liu et al., 2010; Parker et al., 2014; 

Slane et al., 2014; Wade, Hoffmann, Wigg, & Jenkins, 2014; Wu et al., 2005; but see 

Chen et al. 2011; Costa et al., 2009; Jacob et al., 2007). Yet, in addition to 

inconsistencies in allelic variant-phenotype associations, some studies have failed to 

find any associations whatsoever (Apicella et al., 2010; Bakermans-Kranenburg & 

IJzendoorn, 2014; Lucht et al., 2013; Luijk et al., 2011).  

 However, differences in the environmental contingencies, which were not taken 

into account in the above-mentioned studies, might explain these inconsistencies. 

Specifically, it has been proposed that, regarding the rs2254298, the A allele might not 

convey risk or protection but rather differential susceptibility to environmental 

contingencies, which would materialise in increased developmental plasticity to both 

positive and negative environments (Brüne, 2012; cf. Ellis et al., 2011). This claim is 

supported by the findings obtained by Thompson and colleagues (2011), who tested 

gene-environment interactions (GXE) with this SNP in non-clinical adolescent girls for 

the prediction of depression and anxiety symptoms. Results showed that girls who both 

were A-carriers and had experienced high early adversity (in terms of maternal 

depression) reported the highest symptom levels of depression, physical anxiety, and 

social anxiety. In contrast, girls in the high early adversity group who had a GG 

genotype were more similar to girls in the low early adversity group regardless of their 

genotype. Thus, the A allele appeared to function as a vulnerability factor when 

associated with early adversity (Thompson et al., 2011).  

 The hypothesis that the A-allele of this SNP might confer not increased risk for 

negative outcomes but increased differential susceptibility to environmental 

contingencies (Brüne, 2012) is in line with the putative role of OT in promoting 

affiliative contact, which leads to positive or negative outcomes depending on the 

responsivity to that contact, advanced earlier (Taylor, 2006).  

 In conclusion, the body of literature reviewed above indicates that IB is likely to 

be, in part, explained by genetic effects, and that the OXTR rs2254298 is a promising 

candidate for the investigation of such effects in a context of environmental adversity. 
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Accordingly, in Empirical Paper 4 (Chapter 7), even though GXE interactions will not 

be directly tested, we will examine the association between rs2254298 and IB in a 

sample of children exposed to an extreme (and discrete) early environment: 

institutionalisation. Therefore we aim to investigate how the genotype of this SNP 

decreases or increases children’s vulnerability to exhibit IB in this context of highly 

non-normative early care. 

 

Final comments 

 

 In employing such a multi-level approach to the study of institutionalised 

children’s displays of IB—with developmental psychopathology and ecological 

perspectives as guiding frameworks—I aim to pursue, with the work presented in this 

thesis, answers to the following research questions: What are the precursors of IB in 

children reared in an institutional context? What variables of the organism and of the 

environment contribute to institutionalised children’s vulnerability and resilience for 

developing such atypical behaviour? These are two different ways of asking why do 

some institutionally reared children develop IB while others do not?  Holding answers 

to those questions I will be able to ask: What implications does this improved 

understanding of IB have for its conceptualisation? Finally, and more importantly, what 

implications does this improved understanding of IB have for clinical intervention and 

policy? 
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Chapter 2 

 

General method 

 

Participants 

 Participants in the work included in this thesis were 125 institutionalised 

children, however numbers varied across the empirical studies. They were 74 boys 

(59.2%) and 51 girls (40.8%), aged 3–6 years, who had been institutionalised when they 

were, on average, 36 months old (SD = 16, range = 3–69 months). At recruitment, 

participants were identified as all children aged 3-6 years old who had not yet entered 

primary school, and who did not suffer from moderate to severe mental or physical 

impairments, genetic syndromes or autism spectrum disorders (ASD). Children had to 

be placed in the institution for at least 6 months, in order to ensure enough time for 

them to familiarise with the setting and the caregivers; therefore, institutionalisation 

length ranged between 6 and 59 months. The majority of children were Caucasian (n = 

94), and the remaining were African-Portuguese (n = 17), African (n = 10), and other 

ethnicities (n = 4). Participant children came from 29 institutions in total. There were 14 

pairs of siblings and 3 pairs of twins (one of which had one more sibling). 

 The final sample size reported above (N = 125) already excludes children who 

did not participate after recruitment for the following reasons: parental consent not 

obtained for 5 children; one child refused to participate immediately after the initial 

contact with the researcher; and 5 children met exclusion criteria evident after entry in 

the study (physical health issues; score above the cut-off criteria for autism screening 

based on the Social Communication Questionnaire [Rutter, Bailey, & Lord, 2003]; or 

developmental quotient <70).  

 Every child participated with their institutional caregiver, who was identified, in 

consultation with the institutional staff, as the child’s favourite caregiver at the 

institution. If such a caregiver could not be identified, the one most familiar with the 

child and involved in his/her daily routines participated with them. Participating 

caregivers were 87 in total and all female (27 of them participated with more than one 

child).  

 The size of the subsamples included in each empirical study of this thesis varied 

due to 3 reasons: 1) each study was completed at different stages of the data collection 

process, therefore more participants became available as we proceeded with the work 

presented in this thesis; 2) some children left the institution (back to their family of 
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origin or for placement in an adoptive family) before completing the entire assessment 

protocol; 3) not all participants have complete data, particularly regarding the Event-

Related-Potentials (ERP) assessment, which was only deemed possible for a reduced 

number of children (a breakdown of the reasons for this will be provided in the 

respective chapters of the ERP studies). Accordingly, for the first empirical study—

Chapter 3—all participants with interview data on the Disturbances of Attachment 

Interview and with video data on Maternal Sensitivity at the time of the preparation of 

that study were included (n = 72). At that time the recruitment of participants had only 

occurred in Temporary Care Centres from the North of Portugal. Because it would have 

been impossible to achieve the required sample size for the ERP and genetic studies by 

recruiting these institutions alone, we proceeded to recruit institutions in the Lisbon area 

as well to collect more data. Also, even though Temporary Care Centres typically house 

mostly children in the required age range for this study, in virtue of the need to recruit 

more participants, our sample came to include children from Homes for Children and 

Youth as well. Accordingly, when the ERP studies of this thesis—Chapters 5 and 6—

were completed, we had recruited participants from both types of institutions and both 

the North and Lisbon areas (n = 100). However, of these 100 only 66 actually 

underwent ERP testing and of these, 47 had sufficient usable data. Of these 47 

participants, 34 were also included in Chapter 3 and the remaining 13 were recruited 

more recently and therefore did not take part in Chapter 3. The last empirical paper of 

the thesis—Chapter 7—was also the last one to be prepared and included all participants 

with available data on the OXTR genotype and the Disturbances of Attachment 

Interview (n = 125). Of these 125, 67 took part in the study of Chapter 3 and 42 took 

part in the ERP studies (Chapters 5 and 6).  

 In Chapter 5, a family-reared group, of mixed socioeconomic level, was also 

included for comparison to the institutionalised children in the ERP assessment. The 

recruitment of this group, from local families, was conducted via two routes. First, 

participants from the placebo group of another research project that had terminated 

when children were in their toddler years were re-contacted (if they had consented for 

such contact to be made); these families were identified based on receiving social 

benefits and living in social housing, thus their socioeconomic level was low. Given that 

it revealed impractical to recruit the entire comparison group using this procedure in a 

timely efficient manner, an alternative recruitment process was initiated. It consisted in 

contacting local pre-schools, as well as other contacts of the research team who had 

children in the required age-range. Parents who consented to be contacted were 
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informed about the study and asked to participate; the socio-economic level of these 

families was medium-low to medium-high. The same health and mental developmental 

exclusion criteria applied, in addition to absence of any child protection measure or 

history of institutionalisation. Children in the comparison group participated with their 

mothers. Of the 55 families who were contacted, 21 refused to participate, cancelled or 

did not attend the assessment. Even though detailed socioeconomic information 

regarding these 21 families was not available, according to the recruitment process it is 

possible to estimate that 4 of them were from low, 11 from medium-low, and 6 from 

medium-high socioeconomic level. Of the final participating 34 children, 6 were from 

low, 16 from medium-low, and 12 from medium-high socioeconomic level. These 34 

participating children had a mean age of 57 months (SD = 10, range = 40-75), and 18 

(53%) of them were girls.  

 Thus, even though there appears to be no significant difference in 

socioeconomic status (SES) between comparison families who refused to participate 

and those who participated, the comparison group was characterised by mixed 

socioeconomic level while the institutionalised group was almost exclusively composed 

by families of low SES. 

 The institutions from where participants were recruited are Temporary Care 

Centres and Homes for Children and Youth, which receive children abandoned or 

removed from their biological families by Social Services staff, due to reasons 

considered to endanger the child’s emotional and/or physical well-being such as abuse, 

neglect, or extreme economic hardship. Institutions were managed by different 

organisations, but all received financial support from and were regulated by the state. 

The 29 participating institutions varied substantially regarding size and organisation. 

For example, total number of staff varied from 11 to 69 (M = 21, SD = 15), with the 

number of caregiving staff varying from 4 to 53 (M = 12, SD = 9). The total number of 

resident children varied from 8 to 46 (M = 19, SD = 9). The ratio of children per 

caregiver (in average, during a typical day) varied substantially as well (M = 6:1, SD = 

2), with 1-4 children per caregiver in 8 institutions, 5-6 children per caregiver in 12 

institutions, 7-8 children per caregiver in 7 institutions, and 10-11 children per caregiver 

in a minority of 2 institutions. Institutions were typically organised in different age-

groups, with rotating caregivers, and structured routines. A supporting body of qualified 

staff generally included the director, a psychologist and a social worker, but their 

involvement in children’s and caregivers’ day to day life varied. Due to size and 

organisation of institutions, some appeared more ward-like and others more family-like. 



 50 

However, nutrition, access to medical care, cleanliness and safety of the environment, 

availability of toys and general cognitive stimulation, were globally of a good quality.  

 

 A short comment about institutional care in Portugal 

 According to the most recent report by the Portuguese Social Services (2015), 

there were 8470 children and youth who remained in institutional or foster care in 2014, 

while 2433 left care during that year. In terms of age distribution, children from 0-3 

years represented 8.7%; 4-5 years were 4.3%; 6-9 years were 10.3%; 10-11 years were 

8%; the remaining (and majority) of children were distributed across the age groups 

between 12 and 20 years. Most children were placed in long term institutional care, the 

so-called Homes for Children and Youth (63.6%), followed by those who were placed in 

Temporary Care Centres (24.3%). Only 4.5% were placed in foster families, and the 

remaining in other types of institutional placement.  

 

Procedure 

 This study is part of a larger research project investigating the development of 

Portuguese institutionalised children. This research was approved by the University of 

Reading Ethics Committee, by the University College London Ethics Committee, and 

by the Portuguese National Commission for Data Protection. The recruitment process 

started by establishing a contact with Portuguese Social Services, which are responsible 

for managing the institutions and are the superior legal guardian of children while they 

remain there. Approval was obtained from the Social Services and the director of each 

of the institutions that participated in the research project. Written informed consent was 

requested from institution directors, biological parents, and participating caregivers. 

 After explaining the research project to the director of each institution, 

participants were identified as all children aged 3-6 years old who had not yet entered 

primary school, and who did not suffer from moderate to severe mental or physical 

impairments, genetic syndromes or autism spectrum disorders (ASD). 

 Information about children’s demographics, family background and health was 

gathered from their files in the institution and through staff interviews.  

 Usually the same researcher assessed the same child with the entire assessment 

protocol. Assessments started with the evaluation of the child’s mental development, in 

a quiet room at the institution (usually the director’s or psychologist’s office). A sample 

of the child’s saliva was collected, when convenient, for genetic analysis. The caregiver 

was interviewed about the child’s attachment-related behaviour, at a convenient time, in 
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the institution. The interaction task between caregiver and child was administered in the 

most appropriate room at the institution, and videotaped for subsequent coding of the 

caregiver’s sensitivity. The questionnaires about the caregiver’s job and the child’s 

behaviour were given to the caregiver for posterior completion. The director of the 

institution was interviewed, at his/her convenience, about the institution, the staff, and 

the resident children. The Strange Situation Procedure (SSP) and the ERP were 

conducted in two separate laboratory visits (the SSP on the first visit)—where the child 

was accompanied by the caregiver. The SSP was videotaped from the inside of the room 

and from the outside (through a one-way mirror). The ERP assessment required the 

assistance of a second researcher, for the placement of the cap and preparation and 

monitoring of the EEG recording; while the child was being prepared for the EEG 

recording, he/she watched cartoons on DVD. On the day of the ERP assessment 

researchers obtained the child’s physical measurements (weight, height and head 

circumference). The caregiver remained in the room at all times. Every child’s 

participation was rewarded, after the last assessment (the ERP) with a snack, a small toy 

and a diploma.  

 The assessment of the family-reared group was conducted in a single morning or 

afternoon, at the laboratory. After obtaining the mother’s signature for the informed 

consent, the session started with the assessment of the child’s mental development, 

while the mother remained in the room completing questionnaires about the child’s 

behaviour. Subsequently, children underwent the ERP assessment in another room. 

Children’s physical measurements were also obtained. The mother remained present 

throughout the whole assessment. Every child’s participation was also rewarded on the 

same way as the institutionalised group. Parents were given feedback on the child’s 

developmental assessment.  

 When preliminary results of the broad project became available, we organised 

two seminars (one in the North and one in the Centre of the country) for which all 

participating institutions—direction boards, social workers, psychologists, therapists, 

and caretakers—were invited to attend. At these seminars we reported the most relevant 

findings and discussed, interactively with the audience, implications for children’s care 

and for their work. Further efforts to discuss our findings and implications with the 

relevant social and political authorities of the country are in progress.  

 

Measures 

 Child measures 
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 Attachment-disturbed behaviour.  

 The Disturbances of Attachment Interview (DAI; Smyke & Zeanah, 1999) is a 

semi-structured interview addressing 12 items designed to evaluate the presence of 

signs of disordered attachment. For each item, the interviewer asks multiple questions 

and follow-up probes sufficient to yield a rating reflecting degree of evidence of 

disturbed or disordered attachment: 0 = none/never, 1 = somewhat/sometimes, and 2 = 

considerable/frequently. The first five items of the interview address signs of 

emotionally withdrawn/inhibited attachment disturbance, yielding total scores ranging 

from 0 to 10. These items address how well the child differentiates among adults and 

demonstrates a clear preference for a particular caregiver, how much a child seeks 

comfort from a preferred caregiver, how much a child responds to comforting when it is 

offered, whether the child responds reciprocally in interactions, and how well the child 

regulates emotions. The next three items address signs of indiscriminate behaviour, with 

total scores ranging from 0 to 6. These items assess whether the child checks back with 

the caregiver in unfamiliar settings or tends to wander off without purpose, whether the 

child shows initial reticence around strangers or readily approaches unfamiliar 

individuals, and whether the child would readily go off with an unfamiliar adult. The 

last four items address signs of secure-base distortions, yielding total scores ranging 

from 0 to 8, namely self-endangerment, clinging/inhibited exploration, vigilance/hyper-

compliance, and role-reversal behaviour. A subset of the interviews (n = 18) was coded 

during the training phase, by the group of raters, and a subset of 54 interviews were 

coded by two coders; discrepancies were resolved by conferencing, leading to a 

consensus for each item. Inter-rater agreement for the interviews coded in pairs was 

very good for inhibited behaviour (ri = .93), indiscriminate behaviour (ri = .97), and 

secure-base distortions (ri = .77) items. Ordinal alpha values were calculated using the 

R (version 3.1.1) software package and were as follows: .64 for inhibited items, .92 for 

indiscriminate items, and .42 for secure-base distortions items. Evidence of the validity 

of this measurement system comes from work showing that it distinguishes between 

institutionalised and non-institutionalised children in Romania (Smyke, Dumitrescu, & 

Zeanah, 2002; Zeanah, Smyke, & Dumitrescu, 2002) and reliably identifies signs of 

attachment disturbance in maltreated children (Zeanah et al., 2004). 

 For purposes of analyses using dichotomous scores (which were employed in 

Chapters 6 and 7), a cut-off for indiscriminate behaviour was determined as a score of 2 

(i.e. clear evidence for the disturbed behaviour) on at least one of the indiscriminate 

items. This strategy was chosen with the aim to identify cases where at least one 
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indiscriminate behaviour was clearly present, such as in O’Connor and colleagues, 

Oosterman and Schungel, and Rutter and colleagues (O'Connor, Rutter, & The ERA 

Study Team, 2000; Oosterman & Schungel, 2008; Rutter et al., 2007). 

 This assessment was administered to the institutionalised group only. 

 

 The Rating of Infant and Stranger Engagement (RISE; Riley, Atlas-Corbett, & 

Lyons-Ruth, 2005) codes children’s attachment-related forms of engagement with the 

stranger, over all eight episodes of the videotaped Strange Situation Procedure (SSP). A 

small change was implemented in the administration of the SSP version for preschool 

children (Cassidy & Marvin, 1992): regardless of the child’s age, the stranger always 

entered the room twice, in order to provide more information for the RISE coding. The 

RISE evaluates both the extent of the child’s affective engagement with the stranger 

compared to the caregiver, and the extent to which the child displays non-normative 

acceptance of physical contact or response to soothing from the stranger, resulting in a 

singular rating on a 9-point scale. Low scale scores represent children who show a clear 

preference for and greater engagement with the familiar caregiver, a score of 5 indicates 

at least equal engagement with and treatment of the stranger compared with the 

caregiver, and higher scores indicate non-normative forms of affective engagement and 

attachment behaviour with the stranger. According to this definition, a score of 5 or 

above is considered to indicate that the child displays IB. Therefore, for purposes of 

analyses using dichotomous scores (which were employed in Chapters 6 and 7), a cut-

off for indiscriminate behaviour was determined as a score of 5 or higher. 

 Because this instrument was originally developed to assess IB in infants, we had 

to undertake a process of adaptation to the preschool years. After discussing aspects that 

would be relevant to consider in this adaptation with the author of the instrument and 

other experts, the team of coders started by watching videos of SSPs in normative 

samples. This allowed us to build an image of the (supposedly) normative forms of 

engagement with the stranger displayed in the SSP by children in this age range. During 

this process we considered alternative demonstrations of the criteria for each score that 

were developmentally appropriate—e.g., a greater importance of verbal initiations of 

interaction, verbal and social intrusiveness and attention-seeking behaviour. Next, the 

team of coders rated a set of videos as a group (n = 5 in this sample) and another set 

independently, for posterior group discussion. We also created a manual with examples 

of behaviour alternative to the demonstrations listed in the original scale. Given that we 

obtained very good inter-rater agreement, we proceeded with independent coding 
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(including two raters for every video for the first 57 cases). An analysis of the 

convergent, divergent, and predictive validity of the RISE scores in 62 children of this 

sample indicated that it is adequate to use in institutionalised pre-schoolers (Oliveira et 

al., 2013). Indeed, despite the fact that the distribution of scores in this sample tends to 

be somewhat concentrated on the 4 (likely due to the fact that children this age are less 

wary of the stranger and more sociable with her, regardless of showing a clear 

preference for the caregiver), it approximates normality and, above-all, it continues to 

be clear that children receiving a score of 5 or higher are qualitatively different (in 

regard to their behaviour toward stranger and caregiver) from children receiving a score 

of 4 or lower. In this sample, inter-rater agreement based on 57 cases was very good (ri 

= .89). 

 This assessment was administered to the institutionalised group only. 

 

 Behavioural and emotional problems. The Portuguese 1½ –5 version of the 

Child Behaviour Checklist (CBCL; Achenbach & Rescorla, 2000; Gonçalves, Dias, & 

Machado, 2007) was used to measure children’s behavioural and emotional problems in 

the past 2 months, from the caregiver’s perspective. For each of the 100 items that 

describe behavioural/emotional problems, the caregiver rates the child’s behaviour on a 

3-point scale: 0 = not true, 1 = sometimes/somewhat true, or 2 = very/frequently true. 

Because CBCL internalising and externalising scores greatly overlapped with the scale 

total score (r = .89 and r = .88, respectively), only CBCL total score was used 

(Cronbach’s α = .93).  

 This instrument was administered to both groups but was only used, for 

purposes of this thesis, among the institutionalised group. 

 

 Mental development. Griffith’s Mental Development Scales (Griffiths, 1984; 

Portuguese unpublished version, Castro & Gomes, 1996) assess various areas of 

development by means of six subscales, and can be administered to children up to 8 

years of age. A total score reflects general developmental level and separate subscales 

pertain to quotients for each area of development: locomotor (gross motor skills), 

personal–social (proficiency in the activities of daily living, level of independence and 

interaction with peers), language (both receptive and expressive), eye-and-hand co-

ordination (fine motor skills and visual monitoring skills), performance (visuospatial 

skills including speed of working and precision), and practical reasoning (ability to 

solve practical problems, understanding of basic mathematical concepts and 
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understanding of moral issues). A global quotient reflecting general developmental level 

is calculated averaging the various sub-quotients. 

 This assessment was administered to both the institutionalised and the 

comparison groups. 

 

 Prenatal and postnatal risk. The presence versus absence of selected prenatal 

and postnatal health risk factors, indexing a biological risk status (e.g., prematurity or 

hospitalisations), was coded from the child’s case file at the institution and their health 

records booklet. 

 This assessment was administered to the institutionalised group only. 

 

 Genotype on the oxytocin receptor gene (OXTR). Saliva samples were collected 

with Oragene DNA collection kits (DNA Genotek, Canada) and genomic DNA was 

isolated as instructed by the manufacturers, using the standard protocol from PrepIT 

L2P (DNA Genotek). Genotypes A/A and A/G were combined for analysis and 

compared to the G/G genotype. Genotypes of the OXTR gene were in Hardy-Weinberg 

equilibrium (p >.1). Allelic frequency is consistent with the NCBI database 

(http://www.ncbi.nlm.nih.gov) and with published literature for this SNP. For more 

details about the genotyping procedure please refer to Chapter 7.  

 This assessment was administered to the institutionalised group only. 

 

 Neural processing of faces. The patterns of neural activity as children processed 

facial stimuli were assessed with Event-Related Potentials (ERPs). Children visualised 

the pictures of their caregiver/mother and a female stranger, while the 

electroencephalographic (EEG) signal was recorded from a cap with electrodes placed 

on their scalp. Pictures of the caregiver/mother were edited using Adobe Photoshop CS5 

for standardisation, and the same stranger’s pictures were used for every child. The 

experimental paradigm was created and presented using the Presentation 

(Neurobehavioral Systems Inc) software. The EEG was recorded with Brain Vision 

Recorder system using a Quickamps amplifier with 32 sintered Ag/AgCl electrodes, 

placed according to the extended 10–20 International System on a lycra cap. EEG 

recordings were conducted for the total duration of the task (30 minutes, with breaks) 

unless the child became too fussy, too sleepy, or refused to continue. An analysis of the 

ERPs allowed detection of three occipital components, namely P1, N170, and P400, and 

one frontocentral component, the P250. For a more detailed description of the 
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experimental task and the EEG recording and processing please refer to the appropriate 

chapters (Chapter 5 and 6). 

 This assessment was administered to both the institutionalised and the 

comparison groups. 

 

 Measures of the institutional care 

 Institutional placement. The date of birth and date of admission to the 

institution were obtained from the child’s case file, affording calculation of the child’s 

age at admission and the length of time in the institution. 

 This assessment was administered to the institutionalised group only. 

 

 Stability and individuality of care offered by the institution. A structured 

interview with the director of each institution enabled measurement of staffing variables 

that were used to create a composite measure of stable-individualised care experienced 

by the child by standardising (to z scores) and then summing specific variables 

reflecting number of caregivers that constitute the pool of caregivers available to take 

care of children; percentage of caregivers with rotating shifts; and average children-to-

caregiver ratio. 

 This assessment was administered to the institutionalised group only. 

 

 Stability and individuality of care offered by the caregiver. Each caregiver 

participating in the study completed a questionnaire about her employment. This 

addressed whether the caregiver had rotating versus fixed shifts (i.e., if she worked at 

the same time every day); whether she had time to spend individually with children; and 

the number of children she had responsibility for, on average, in one day (dichotomised 

in <10 vs. ≥10). The 3 items were summed to form a composite measure, with higher 

scores reflecting better quality of care. 

 This assessment was administered to the institutionalised group only. 

 

 Measures of the caregiver–child relationship  

 Classification of caregiver–child relationship. After identifying the key 

caregiver who would participate in the study with each child (as described under 

Procedure), each caregiver was classified in terms of whether she was the Assigned 

Caregiver, the Caregiver of Reference, or the Preferred Caregiver for a particular child. 

This classification was based on staff inquiry, with the help of a questionnaire that 
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guided the respondent through a series of criteria that led to the classification. 

Afterwards, the classification by the staff was validated against the researcher’s 

naturalistic observations of the dyad. The caregiver was considered as (a) a Preferred 

Caregiver if the child preferentially sought proximity to her, in most situations when 

distressed; if her absence caused the child to exhibit separation anxiety; if the child 

displayed more positive responses towards her and more acknowledgement of the 

reunions with her; and if the child preferentially approached her for comfort, in 

comparison with other caregivers. If (b) the child demonstrated some preference for the 

caregiver in comparison with others, but not enough to meet the preferred caregiver 

criteria, and/or the caregiver was the person who was more responsible for/more 

frequently looked after the child, she was considered as the Caregiver of Reference. If 

(c) the caregiver could not be distinguished from other caregivers, or, in other words, if 

the child did not exhibit any preference for any caregiver in the institution, that 

caregiver was considered as the Assigned Caregiver. The researcher’s validation was in 

agreement with the staff classification for 43 dyads. Most frequent disagreements 

consisted in researchers not validating the staff classification of preferred caregivers 

(i.e., of the 36 dyads that the staff considered to meet criteria for Preferred Caregiver, 20 

moved to the classification of Caregiver of Reference with the researchers’ validation). 

The researcher’s judgement ultimately determined the classification of the caregiver-

child relationship, where there was a discrepancy. 

 This assessment was administered to the institutionalised group only. 

  

 Caregiver’ sensitivity towards the child. To assess the caregiver’s interactive 

behaviour with the child we used a 15-min videotaped task, divided in three episodes: 1) 

play with a challenging puzzle; 2) monitoring the child while completing a sham 

questionnaire, with the child only having an uninteresting toy to play, while remaining 

near more interesting toys s/he is instructed not to play with; and 3) free play followed 

by clean up. Coding of these recorded sessions was carried out using Ainsworth’s 

Maternal Sensitivity Scales (Ainsworth, 1969) adapted to the preschool years. The 

sensitivity vs. insensitivity scale was rated in all cases by two independent coders (ri = 

.95) who did not know the dyad; disagreements were discussed to obtain a consensus. 

 This assessment was administered to the institutionalised group only. 
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Data analysis 

  Data analysis was planned and conducted for each empirical study separately. 

All analyses were run using IBM SPSS – version 22.0 (IBM Corp., 2013) unless 

indicated otherwise. EEG data were analysed with Brain Vision Analyzer software 

(Version 2.0.1) and, subsequently, exported to the SPSS data set. Please refer to the 

appropriate section of each empirical study for a description of the data analysis details. 
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Chapter 3 

 

Quality of institutional care and early childhood development 

 

(Formatting adapted from published version) 

 

Introduction 

 Institutional care remains a major intervention in many countries for children 

whose parents, for various reasons, cannot adequately care for them. Nevertheless, 

research consistently chronicles adverse effects of institutional rearing on children’s 

development, particularly in the social–emotional domain (Bakermans-Kranenburg 

et al., 2011). Indeed, increased emotional/behavioural problems in general and disturbed 

attachment behaviour in particular are consistently reported among institutionally reared 

children. Compared to home-reared children, post-institutionalised adoptees present 

more total, externalising and internalising behaviour problems, and are consistently 

overrepresented in mental health services (Juffer & van IJzendoorn, 2005; Zeanah & 

Gleason, 2010). 

 A critical and distinctive disturbance commonly associated with institutional 

rearing is disordered or atypical attachment behavior (Zeanah & Smyke, 2008). 

Atypical attachment behaviours have long been reported among children who have 

experienced major disruptions in parental care or were placed in residential care in early 

life (e.g. Goldfarb, 1945; Provence & Lipton, 1962; Tizard & Rees, 1975). Empirical 

studies identified two distinct types of disturbed attachment behaviour that may arise in 

the context of institutional care: (1) a disinhibited or indiscriminate pattern, 

characterised by indiscriminate social approach and lack of wariness of strangers, and 

(2) an inhibited pattern, characterised by extreme social withdrawal and lack of 

emotional reciprocity (Oosterman & Schungel, 2008; Smyke, Dumitrescu, & Zeanah, 

2002; Zeanah, Smyke, Koga, Carlson, & The Bucharest Early Intervention Project Core 

Group, 2005).  

 Despite its name, indiscriminate behaviour has nevertheless been described in 

children with a selective attachment relationship (Boris et al., 2004; Chisholm, 1998; 

Lyons-Ruth, Bureau, Riley, & Atlas-Corbett, 2009; O’Connor, Bredenkamp, Rutter, & 

the ERA Study Team, 1999; Zeanah, Smyke, & Dumitrescu, 2002). Indiscriminate 

behaviour also appears to be unrelated to the degree of development of attachment to 

the caregiver, in contrast to the inhibited pattern of behaviour (Zeanah et al., 2005). 
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These empirical observations resulted in the classification, in the new edition of the 

Diagnostic and Statistical Manual of Mental Disorders (DSM-V; American Psychiatric 

Association, 2013), of inhibited attachment behaviour as Reactive Attachment 

Disorders (RAD), and indiscriminate behaviour as a separate entity called Disinhibited 

Social Engagement Disorder. Because the work reported herein is not based on any 

such formal diagnoses, these clinical labels are not used any further herein. 

 In addition to the indiscriminate and inhibited patterns of disturbed attachment 

behaviour, Zeanah, Boris, and Lieberman (2000) proposed the inclusion of relationship-

specific psychopathology that is seen in children who have an attachment relationship 

with a discriminated caregiver, but a relationship that is seriously disturbed (Zeanah & 

Smyke, 2009). These scholars identified self-endangering, clinging, vigilant/hyper-

compliant, and role-reversed behaviour, conceptualising them as secure-base distortions 

after Lieberman and Pawl (1988). Evidence that such disturbances in attachment are 

lawfully a result of disturbed relationship processes comes from research linking 

presence and severity of maternal violence-related post-traumatic stress disorder with 

preschool children’s secure base distortions (Schechter & Willheim, 2009).  

 Beyond disturbances in attachment behaviour, children reared in institutions 

tend to show a wide range of emotional and behavioural problems, which vary in their 

breadth and severity (e.g. Merz & McCall, 2010). Examples of such behaviour 

problems are attention, externalising, internalising, social, and autistic-like symptoms, 

and they have been found to be particularly frequent among children who were adopted 

at an older age and, as a result, spent more time in the institution than did other 

institutionalised children (for a review, see Maclean, 2003).  

 Interestingly, behavioural and emotional problems though present at elevated 

rates in institutionally-reared children, appear to be relatively independent of 

disturbances of attachment (Zeanah et al., 2002). Indeed, studies that have examined the 

association between behaviour problems and attachment disorders have produced mixed 

findings (Chisholm, 1998; O’Connor, Rutter, & The ERA Study Team, 2000; 

Oosterman & Schungel, 2008; Tadano, 2002; Zeanah et al., 2002), with overall 

associations being modest and inconsistent. A recent study with currently 

institutionalised children and previously institutionalised children placed in foster care 

(Gleason et al., 2011)—from the Bucharest Early Intervention Project (BEIP)—

discerned an association between rates of indiscriminate behaviour and increased 

externalising symptoms (activity/impulsivity, attention-deficit/hyperactivity, and in less 

degree with low inhibitory control), as well as between rates of inhibited behaviour and 
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increased depressive symptoms. In spite of these associations, diagnoses of 

indiscriminate and inhibited RAD could be distinguished from diagnoses of attention-

deficit/hyperactivity disorder and major depressive disorder, respectively. In order to 

better understand these inconsistencies and mixed findings in regards to attachment and 

behaviour problems, it will be important to evaluate the institutional environments to 

which children are exposed in more detail.  

 Given evidence that behaviour problems and disturbed attachment behaviour are 

relatively frequent but by no means inevitable sequelae of institutional rearing, 

understanding the mechanisms by which these behaviours arise, and the factors that 

modulate their occurrence, is critical. Most relevant research has focused on the dosage 

and timing of exposure to institutional care. Studies indicate, with some consistency, 

that more behaviour problems and higher rates of attachment-disordered symptoms are 

associated with a longer period of time in institutional care and later subsequent 

adoption (that is, after 6/18 months of age for the former and after 6/4 months of age for 

the latter symptoms; Hawk & McCall, 2010; O’Connor et al., 1999, 2000). 

 Despite such evidence, it remains difficult to draw firm conclusions about the 

influence of institutional rearing on disturbed attachment behaviour or on broader 

indices of adjustment (Gunnar, van Dulmen, & The International Adoption Project 

Team, 2007; Wiik et al., 2011; Zeanah et al., 2009). Moreover, it is currently unclear 

whether variation in the nature of the institutional experience affects the development of 

children there, over and above the effects of timing and dosage. Nevertheless, emerging 

evidence indicates that what matters more than the ‘‘social address’’ of 

institutionalisation is the actual developmental experience of children growing up in 

institutions, especially with regard to the quality of daily caregiving. 

 Some of the clearest evidence substantiating this claim with regard to these 

effects comes from Merz and McCall (2010) who studied 6–18-year-old Russian 

children adopted from institutions. Although the institutions in question provided 

adequate physical care and stimulation, including toys and activities, they were 

characterised by frequent changes in caregivers, low levels of caregiver–child social 

interaction, and insensitive, unresponsive care. Children coming from these so-called 

psychosocially deprived settings were compared with age-mates from two post-

institutionalised samples: 1) children adopted from institutions around the world 

representing varying levels of deprivation (Gunnar et al., 2007), and 2) those adopted 

from severely depriving Romanian institutions in the 1990s (Groza & Ryan, 2002). 

Results revealed that children adopted from Romanian globally-depriving institutions—
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which besides offering very poor resources, were characterised by much higher child-

to-caregiver ratios than the institutions in the other two studies—had higher rates of all 

types of behaviour problems than those from the other two, less severely deprived post-

institutionalised groups. These data are consistent with Juffer and van IJzendoorn’s 

(2005) meta-analytic results indicating that adoptees who experienced more extreme 

deprivation in the institution had more behaviour problems than those who experienced 

less severe deprivation. Nevertheless, in Merz and McCall’s (2010) study, even in the 

absence of severe physical deprivation, children from the psychosocially-depriving 

institutions were at a higher risk for attention and externalising problems relative to 

never-institutionalised children raised continuously in families. Relatedly, Smyke and 

colleagues (2007) reported that better observed caregiving quality was associated with 

less problem behaviour among currently institutionalised infants and toddlers from the 

BEIP. 

 There is also evidence that features of the institution’s specific caregiving 

environment may play a role in the development of disturbed attachment behaviour. In 

particular, the absence of individualised and stable care from a particularly devoted 

caregiver—and thus the lack of caregiver emotional investment—are considered critical 

factors in the aetiology of disturbed attachment behaviour. One reason for this is that 

disturbed attachment behaviour appears quite common even in high-quality institutions 

in which only this kind of deprivation is found (e.g. Tizard & Rees, 1975). Notably, 

higher quality caregiving and reduced total number of caregivers assigned to individual 

children have been associated with lower rates of symptoms of disturbed attachment 

(Smyke et al., 2002; Zeanah et al., 2005). Similarly, more sensitive behaviour of the 

adoptive mother, rated with the Emotional Availability Scales during free play with the 

child, was associated with decreased indiscriminate behaviour in young children 

internationally adopted from institutions or foster care in China (Van Den Dries, Juffer, 

van IJzendoorn, Bakermans-Kranenburg, & Alinka, 2012; but see Dobrova-Krol, 

Bakermans-Kranenburg, van IJzendoorn, & Juffer, 2010, who found the opposite result 

of a positive association between caregiving quality and rates of indiscriminate 

behaviour in institutionalised children). Finally, observed better quality of care (at 30 

months) predicted lower rates of attachment disordered behaviours and 

psychopathology (at 54 months) among institutionalised children from the BEIP, and 

this link was mediated by attachment security to the caregiver (at 42 months), 

particularly in the case of disinhibited RAD (McGoron et al., 2012). 

 Existing literature thus suggests that the micro-caregiving environment that each 
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child experiences within an institution may play an important role in determining 

children’s subsequent developmental outcomes. The fact remains, however, that only a 

few studies of institutionalised children have directly assessed the proximate process of 

caregiving quality and related it to child adjustment and attachment behaviour 

(Bakermans-Kranenburg et al., 2011). Accordingly, the current study examines the 

anticipated contribution of both distal institutional characteristics (i.e., structural and 

organisational aspects of the institution) and proximal, caregiving ones (i.e., relationship 

with the primary caregiver) to children’s disturbed attachment behaviour and emotional/ 

behavioural problems. It is hypothesised, not surprisingly, that higher quality of 

caregiving will be associated with reduced child problems. Beyond this most general 

prediction, we seek to determine whether the predictors of these two aspects of 

children’s functioning are the same or different features of compromised caregiving. 

 

Method 

Participants 

 Participants in this study were 72 children (58.3% boys), aged 3–6 years, who 

had been placed in Portuguese institutions for at least 6 months (see Table 1 for 

descriptive statistics). These institutions are Temporary Care Centres that receive 

children abandoned or removed from their biological families by Social Services staff, 

due to reasons considered to endanger children’s emotional and/or physical well-being 

such as abuse, neglect, or extreme economic hardship. Institutions were managed by 

different organisations, but all received financial support from and were regulated by 

the state. They differed greatly in terms of number of resident children (M = 21.50, 

range = 8–46) and children: caregiver ratio (M = 6.39, range = 3–11). Even though the 

Temporary Care Centres typically receive mostly young children, these institutions 

were housing children from birth to adolescence. 

 Criteria for exclusion of participants were the existence of moderate to severe 

mental or physical impairments, genetic syndromes or autism spectrum disorders. None 

of the children had entered elementary school at the time this research was conducted. 

 This sample was obtained from 16 institutions, with a minimum of one and a 

maximum of 10 children coming from any one institution. Five children had been 

previously institutionalised, and one had previously been placed in foster care, but they 

were all living with their biological families prior to admission to these institutions. 

Five children were African-Portuguese, two were African-other, one was Romani and 

the remaining Caucasian. There were nine pairs of siblings and two pairs of twins in this 
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sample. Also, 51 institutional caregivers, all female, participated in this research; 13 of 

them were assigned to more than one child. Caregivers were 37.56 years old on average 

(SD = 10.71 years), and had 8.08 years of professional caregiving experience on 

average (SD = 6.82 years). Of all the caregivers, 26 had not received any specific 

caregiver training, and only 22 had fixed, as opposed to rotating, shifts.  

 

Procedure 

 This research was approved by the University of Reading Ethics Committee, by 

the University College London Ethics Committee, and by the Portuguese National 

Commission for Data Protection. The recruitment process started by establishing a 

contact with Portuguese Social Services, which are responsible for managing the 

institutions and are the legal guardian of children while they remain there. Approval 

was obtained from the Social Services and the director of each of the Temporary Care 

Centres in the North of Portugal that participated in the research project. After 

identifying the children that could participate, their legal guardian provided consent for 

their participation. One child did not participate because she refused to do so, and four 

children did not participate due to parental refusal. One child was excluded from the 

study because she met the cut-off score on the Autism screening based on the Social 

Communication Questionnaire (Rutter, Bailey, & Lord, 2003) and was below 70 on the 

developmental quotient.  

 The primary institutional caregiver of each participating child was identified 

based on staff interviews, and their consents were also obtained. Specifically, caregivers 

were selected by asking the staff who was the key staff member who the child showed 

preference for and/or who knew the child best. 

 Demographic information about the children was gathered from their files in the 

institution and through staff interviews. A trained examiner assessed children’s mental 

development and queried caregivers about children’s attachment behaviour. Caregivers 

completed questionnaires to provide information on the child’s behavioural problems 

and characteristics of their job. The director of each centre provided information on 

characteristics of their institution. 

 

Measures 

 Child measures 

 Attachment-disturbed behaviour. The Disturbances of Attachment Interview 

(DAI; Smyke & Zeanah, 1999) is a semistructured interview addressing 12 items 
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designed to evaluate the presence of signs of disordered attachment. For each item, the 

interviewer asks multiple questions and follow-up probes sufficient to yield a rating 

reflecting degree of evidence of disturbed or disordered attachment: 0 = none/never, 1 = 

somewhat/sometimes, and 2 = considerable/frequently. The first five items of the 

interview are used to assess signs of emotionally withdrawn/inhibited attachment 

disturbance, yielding total scores ranging from 0 to 10. These issues address how well 

the child differentiates among adults and demonstrates a clear preference for a particular 

caregiver, how much a child seeks comfort from a preferred caregiver, how much a 

child responds to comforting when it is offered, whether the child responds reciprocally 

in interactions,and how well the child regulates emotions.  

 The next three items address signs of indiscriminate behaviour, with total scores 

ranging from 0 to 6. These issues concern whether the child checks back with the 

caregiver in unfamiliar settings or tends to wander off without purpose, whether the 

child shows initial reticence around strangers or readily approaches unfamiliar 

individuals, and whether the child would readily go off with an unfamiliar adult.  

 The last four items address signs of secure-base distortions, yielding 

total scores ranging from 0 to 8, namely self-endangerment, clinging/inhibited 

exploration, vigilance/hyper-compliance, and role-reversal behaviour.  

 A subset of the interviews (n = 18) was coded during the training phase, by the 

group of raters, and the remaining (n = 54) were coded by two coders; discrepancies 

were resolved by conferencing, leading to a consensus for each item. Inter-rater 

agreement for the interviews coded in pairs was very good for inhibited behaviour       

(ri = .93), indiscriminate behaviour (ri = .97), and secure-base distortions (ri = .77) 

ratings. Ordinal alpha values were calculated using the R (version 3.1.1) software 

package and were as follows: .64 for inhibited items, .92 for indiscriminate items, 

and .42 for secure-base distortions items. Evidence of the validity of this measurement 

system comes from work showing that it distinguishes between institutionalised and 

non-institutionalised children in Romania (Smyke et al., 2002; Zeanah et al., 2002) and 

reliably identifies signs of attachment disturbance in maltreated children (Zeanah et al., 

2004). 

 

 Behavioural and emotional problems. The Portuguese 1 ½ –5 version of the 

Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2000; Gonc¸alves, Dias, & 

Machado, 2007) was used to measure children’s behavioural and emotional problems in 

the past 2 months, from the caregiver’s perspective. For each of the 100 items that 
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describe behavioural/emotional problems, the caregiver rates the child’s behaviour on a 

3-point scale: 0 = not true, 1 = sometimes/somewhat true, or 2 = very/frequently true. 

Because CBCL internalising and externalising scores greatly overlapped with the scale 

total score (r = .89 and r = .88, respectively), only CBCL total score was used 

(Cronbach’s α = .93). 

 

 Mental development. Griffith’s Mental Development Scales (1984) assesses 

various areas of development by means of six subscales, and can be administered to 

children up to 8 years of age. A total score reflects general developmental level and 

separate subscales pertain to quotients for each area of development: locomotor (gross 

motor skills), personal–social (proficiency in the activities of daily living, level of 

independence and interaction with peers), language (both receptive and expressive), 

eye-and-hand co-ordination (fine motor skills and visual monitoring skills), 

performance (visuospatial skills including speed of working and precision), and 

practical reasoning (ability to solve practical problems, understanding of basic 

mathematical concepts and understanding of moral issues). A global quotient was 

calculated averaging the various sub-quotients (Cronbach’s α = .79). 

 

 Measures of the institutional care 

 Institutional placement. The date of birth and date of admission to the 

institution were obtained from the child’s case file, affording calculation of the child’s 

age at admission and the length of time in the institution. 

 

 Stability and individuality of care offered by the institution. A structured 

interview with the director of each institution enabled measurement of staffing variables 

that were used to create a composite measure of stable-individualised care experienced 

by the child by standardising (to z scores) and then summing specific variables 

reflecting number of caregivers that constitute the pool of caregivers available to take 

care of children; percentage of caregivers with rotating shifts; and average children-to-

caregiver ratio.  

 

 Stability and individuality of care offered by the caregiver. Each caregiver 

participating in the study completed a questionnaire about her employment. This 

addressed whether the caregiver had rotating versus fixed shifts (i.e., if she worked at 

the same time every day); whether she had time to spend individually with children; and 
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the number of children she had responsibility for, on average, in one day (dichotomised 

in <10 vs. ≥10). The 3 items were summed to form a composite, with a higher score 

reflecting better quality of care. 

 

 Measures of the caregiver–child relationship 

 Classification of caregiver–child relationship. After identifying the key 

caregiver who would participate in the study with each child (as described under 

Procedure), each caregiver was classified in terms of whether she was the Assigned 

Caregiver, the Caregiver of Reference, or the Preferred Caregiver for a particular child. 

This classification was based on staff inquiry, with the help of a questionnaire that 

guided the respondent through a series of criteria that led to the classification. 

Afterwards, the classification by the staff was validated against the researcher’s 

naturalistic observations of the dyad. The caregiver was considered as (a) a Preferred 

Caregiver if the child preferentially sought proximity to her, in most situations when 

distressed; if her absence caused the child to exhibit separation anxiety; if the child 

displayed more positive responses towards her and more acknowledgement of the 

reunions with her; and if the child preferentially approached her for comfort, in 

comparison with other caregivers. If (b) the child demonstrated some preference for the 

caregiver in comparison with others, but not enough to meet the preferred caregiver 

criteria, and/or the caregiver was the person who was more responsible for/more 

frequently looked after the child, she was considered as the Caregiver of Reference. If 

(c) the caregiver could not be distinguished from other caregivers, in other words, if the 

child did not exhibit any preference for any caregiver in the institution, that caregiver 

was considered as the Assigned Caregiver. The researcher’s validation was in 

agreement with the staff classification for 43 dyads. Most frequent disagreements 

consisted in researchers not validating the staff classification of preferred caregivers 

(i.e., of the 36 dyads that the staff considered to meet criteria for Preferred Caregiver, 20 

moved to the classification of Caregiver of Reference with the researchers’ validation). 

The researcher’s judgement ultimately determined the classification of the caregiver-

child relationship, where there was a discrepancy.  

 

 Caregiver’ sensitivity towards the child. To assess the caregiver’s interactive 

behaviour with the child we used a 15-min videotaped task, divided in three episodes: 

play with a challenging toy; monitoring the child while completing a sham 

questionnaire, with the child only having an uninteresting toy to play but remains near 
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more interesting toys s/he is instructed not to play with; and free play followed by clean 

up. Coding of these recorded sessions was carried out using Ainsworth’sMaternal 

Sensitivity Scales (1969) adapted to the preschool years. The sensitivity vs. insensitivity 

scale was rated in all cases by two independent coders (ri = .95) who did not know the 

dyad and were not aware of other data included in this inquiry; disagreements were 

discussed to obtain a consensus. 

 

Data analysis 

 First, correlation analyses were run to test the association between children’s 

attachment-disturbed behaviour and their emotional/behavioural problems. Then, two 

regression analyses were conducted for each of the four outcomes (i.e., scores on the 

three DAI scales and on the CBCL total score), with distal predictors (i.e., duration of 

institutionalisation, stability and individuality of care offered by the institution) 

distinguished from more proximal predictors (i.e., stability and individuality of care 

offered by the caregiver, classification of caregiver–child relationship, caregiver 

sensitivity). These regression analyses were conducted to determine which features of 

the institutional experience proved strongest in predicting each dependent variable. To 

take into account the fact that the data were not independent in some regards—more 

importantly, some children came from the same institutions and some were observed 

with and rated by the same caregivers—multivariate analyses were run using robust 

variance estimates taking into account clustering, with Institution and Caregiver as 

clustering variables, using the Complex Samples function on SPSS (version 22.0). For 

the three attachment outcomes, because the DAI scores distributions were very skewed, 

Ordinal Regressions were chosen, while a Linear Regression was selected for the CBCL 

total scale. 

 

Results 

Descriptive statistics and bivariate associations 

 Attachment-disturbed behaviour and emotional/behavioural problems were 

frequent in this sample: 21 children met the cut-off criteria for inhibited (29%), 14 for 

indiscriminate (19%) and four for secure-base (6%) disturbed attachment behaviour; 

and 13 for emotional/behaviour total problems (18%). See Table 1 for descriptive 

statistics of child variables and Table 2 for descriptive statistics of caregiver and 

institutional variables.  

 Correlations between the primary study variables are presented in Table 3. 
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Inhibited attachment behaviour was positively correlated with secure-base distortions. 

Inhibited attachment behaviour and secure-base distortions were positively correlated 

with emotional/behaviour problems.  

 Further inspection of Table 3 reveals that an earlier age at admission was related 

to longer exposure to institutional rearing; that males were older than females and that 

they experienced more stability and individuality of care than females. Greater stability 

and individuality of care were also experienced more often by older (and older at 

admission) children than younger ones.  

 Moving to relations among predictors, greater stability and individuality of care 

of the caregiver was related to greater stability and individuality of care of the 

institution. A more selective caregiver–child relationship (as assessed by the 

classification of their relationship) was related to greater caregiver sensitivity and with 

greater stability and individuality of care provided by the caregiver. 

 Finally, regarding the predictor-outcome associations, greater caregiver 

sensitivity proved related to fewer disturbances in attachment behaviour reflecting 

indiscriminate, inhibited, and secure-base distortions. Moreover, a more selective 

caregiver–child relationship was related to less inhibited attachment behaviour. Higher 

inhibited attachment behaviour was also related to a lower developmental quotient. 

Child’s age at admission and institutionalisation length, and the composites indexing 

stability and individuality of care offered by the institution and by the individual 

caregiver, were not related to any of the outcomes.  

 

Predicting attachment-disturbed behaviour and emotional/behavioural problems 

 Because child’s age and gender were not associated with any of the outcomes in 

the bivariate analyses, they were not included in the prediction models. Given that age 

at admission and length of institutionalisation were highly correlated, only the latter was 

entered in the models. Finally, because inhibited attachment scores were significantly 

correlated with the child’s developmental quotient, the prediction models for this 

outcome controlled for the latter variable.  

 Regression parameters for the prediction of attachment-disturbed behaviour are 

presented in Table 4. Inspection of the table reveals that distal predictors failed to 

contribute significantly to the prediction of disturbed attachment behaviour. In contrast, 

lower caregiver sensitivity significantly predicted more indiscriminate behaviour. 

Additionally, having a less selective caregiver–child relationship (as assessed by the 

preferred caregiver, caregiver of reference or assigned caregiver classification) 
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predicted more inhibited attachment behaviour. Less sensitive caregiving also predicted 

more secure-base distortions. Finally, experience in care at both distal and proximal 

levels failed to predict total emotional/behavioural problems (see Table 4). 

 

Discussion 

 The current study was designed to assess children’s individual experiences in 

institutional care, by assessing the quality of caregiving in detail, at several levels; with 

this information in hand, we further sought to identify caregiving conditions related to 

individual differences in the manifestation of disturbed attachment behaviour and 

emotional/behavioural problems.  

 Before proceeding to discuss the primary findings, it is important to note that we 

detected relatively high levels of disturbed attachment behaviour relative to that 

typically found in community samples; and this was the case even though children in 

this sample lived in relatively high-quality institutions that offered good physical and 

medical care, along with plenty of activities and equipment. A significant proportion of 

children (48.6%, n = 35) in the current inquiry had at least one definite symptom of an 

attachment disturbance, which is high when compared with what has been observed 

among children in foster care and post-institutionalised adoptees (Oosterman & 

Schungel, 2008; Rutter et al., 2007). Relative to previous studies with currently 

institutionalised children, we found similar mean scores for inhibited but lower scores 

for indiscriminate behaviour in our sample (Smyke et al., 2002; Zeanah et al., 2005). It 

is important to note, however, that abuse and neglect are the main reasons for the 

institutionalisation of children in Portugal, while in East European countries like 

Romania and Russia, where the participants from the majority of studies of institutional 

care have come from, children are more likely to have been abandoned and 

institutionalised at, or soon after, birth. Another important difference between the 

current sample and the Romanian samples is the age at admission to institutional care, 

which was later, on average, in the former. This may have implications for the levels of 

indiscriminate behaviour observed in this inquiry, which were lower than those for 

inhibited behaviour, unlike other samples. This may itself have been the result of the 

fact that most children were living with their families until after the age of 2 years, 

before being institutionalised. 

 Contrary to our expectation, relatively low levels of emotional/behavioural 

problems were documented. Indeed, levels of psychopathology in the current sample 

were lower than what has been reported in other studies of institutionalised children 
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(Zeanah et al., 2009), but similar to what has been detected in a foster care sample 

(Oosterman & Schungel, 2008). When compared to mean scores obtained in a large 

study of the Portuguese population, the current sample had slightly higher CBCL scores 

than the normative sample, but lower ones than a clinical sample (Dias, Machado, Silva, 

& Goncalves, 2009). A possible explanation for these surprisingly low levels of 

emotional/behavioural problems in the current study is the dismissive attitude that 

caregivers frequently conveyed about the developmental problems of the children in 

their care, using low standards as a reference for their ratings. In addition, it is likely 

that the lack of knowledge that caregivers have about children is more evident in the 

CBCL than the DAI scores, because the former instrument does not afford elaboration 

of meaning as does a clinical interview like the DAI. 

 As expected, inhibited attachment behaviour and secure-base distortions proved 

to be positively correlated with total emotional/behavioural problems. But caution is 

needed when interpreting the association between DAI and CBCL ratings given that 

both measures were based on the same caregiver’s report. Nevertheless, these results are 

in agreement with what Oosterman and Schuengel (2008) found in their sample of 

foster-cared children, using the same measures as the present work (the DAI and the 

CBCL), that children scoring higher on internalising and externalising problems also 

displayed more evidence of attachment disturbance. Of note, however, is that this work 

did not distinguish types of disturbed attachment, thus making direct comparison 

difficult. Positive associations between disturbed attachment behaviour (assessed with 

different methodologies) and behaviour problems (measured using the CBCL) have also 

been reported among institutionalised (Tadano, 2002) and post-institutionalised children 

(Chisholm, 1998). Finally, previous work by our team has found moderate to strong 

positive associations linking DAI-inhibited scores and scores on all three CBCL scales 

in Portuguese institutionalised infants, but no relation between DAI-indiscriminate and 

CBCL scales (Oliveira et al., 2011). 

 Our primary hypothesis that disturbed attachment behaviour and 

emotional/behavioural problems would be explained by characteristics of the quality of 

caregiving in the institution, was supported partially. Recall that whereas children’s 

disturbed attachment behaviour could be explained by, or was at least associated with, 

characteristics of caregiving received, none of the caregiving characteristics that were 

assessed explained variation in children’s emotional/behavioural problems. These 

findings add to growing evidence of a more clear association between institutional 

rearing and attachment disturbances than with emotional/behaviour problems 
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(Rutter, Kreppner, & O’Connor, 2001). Perhaps this should not be surprising given 

evidence indicating that contextual and biological risks experienced before children’s 

admission to the institution are likely to be related to their emotional/behavioural 

symptoms (e.g. Vorria, Rutter, Pickles, Wolkind, & Hobsbaum, 1998). This is a 

particularly important consideration in the current study because admission to the 

institutions occurred, as already mentioned, at older ages than in most other published 

studies of institutionalised children. It is also plausible that taking children’s attachment 

strategies into account, which was not possible in the current study, contribute to 

elucidate the relation between caregiving quality and psychopathology in children 

exposed to institutional care (McGoron et al., 2012). 

 We failed to predict children’s attachment and emotional/behavioural problems 

using measurements of structural characteristics of institutional care; this was despite 

the fact that most children in the current study were, as were children in other 

institutionalised samples, exposed to multiple rotating caregivers and lack of 

individualised care. We should note that these measurements, based on the directors’ 

and the caregivers’ reports, are likely to be accurate, given that they pertain to concrete 

information. They might, on the other hand, offer limited insight into the actual stability 

and individuality of care experienced by these children. In fact, we should take into 

account that children in this sample were placed in many different institutions, where 

exposure to caregiver turnover and lack of individualised care could have varied 

substantially, and it was not possible to test the effect of purposely reducing the number 

of assigned caregivers (in comparison to a typical institution), as in Smyke and 

colleagues’ (2002) study. 

 Nevertheless, the more proximal measure of the caregiving context, namely the 

caregiver’s sensitivity and the classification of the caregiver-child relationship, 

predicted disturbed attachment behaviour. Recall that children who had more insensitive 

caregivers were rated as more indiscriminate. This result is in line with the hypothesis 

that this disturbed behaviour emerges as an adaptive response in institutional settings, 

reflecting an attempt to engage detached or overloaded caregivers (Smyke et al., 2002). 

It should be noted, despite the seeming soundness of this claim, that insensitive 

caregiving was not related to indiscriminate behaviour among institutionalised children 

in Zeanah and colleagues’ (2005) study. Furthermore, higher sensitivity of care was 

actually associated with more indiscriminate behaviour in Dobrova-Krol and colleagues’ 

study (2010). However, more sensitive behaviour of the adoptive mother, assessed with 

similar methodology to the present study, was associated with lower indiscriminate 
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behaviour in post-institutionalised and previously foster-cared adoptees (Van Den Dries 

et al., 2012). The reasons for these inconsistencies are unclear, and warrant further 

investigation. 

 In the present study, a closer and more discriminating relationship with the 

caregiver, as assessed by the classification of the relationship between caregiver and 

child, predicted less inhibited attachment behaviour. This result is in line with previous 

findings showing that inhibited attachment behaviour was related to the degree of 

development of attachment to the caregiver (Zeanah et al., 2005). It is also consistent 

with the literature on post-institutionalised adoptees or children placed in foster care 

suggesting that inhibited attachment-disturbed behaviour diminishes or disappears once 

the child is placed in a more normative caregiving environment (Smyke et al., 2002; 

Zeanah & Gleason, 2010). The staff’s classification of the caregiver-child relationship 

in the present study was validated using the researchers’ observations of the dyad—both 

at the institution and during two laboratory visits that were part of the larger research 

project; this approach contrasts somewhat with previous studies that have relied solely 

on staff report. Thus, the substantial number of disagreements between staff and 

researcher classifications of ‘‘preferred caregiver’’ in this sample has potential 

implications for existing work that relies on staff reports alone. If we recognise that 

caregivers may be biased and researchers have limited windows of observation, it seems 

reasonable to assume that availability and utilisation of multiple sources of information 

yields more accurate measurement. 

 Interestingly—given the scarcity of data on this type of attachment-disturbance 

—behaviours indicating secure-base distortions were predicted by lower caregiver 

sensitivity. One should be cautious in interpreting—or even breathing meaning into—

this result, given the very low levels of this type of behaviour detected in the present 

inquiry; after all, only four children scored above the cut-off point and thus qualified as 

showing clear signs of secure-base distortions. It is nonetheless not surprising that the 

behaviour in question might be rare in currently institutionalised children, because the 

presence of secure-base distortions implies that a discriminated attachment relationship 

exists, which is true only for a subset of children in this sample. Oosterman and 

Schuengel (2008) obtained the opposite finding, with greater foster parent sensitivity 

being related to the presence of secure-base distortions. These investigators suggested 

that perhaps the behaviours of foster children with secure base distortions (e.g. clinging 

behaviour) elicit more attention and therefore more sensitive caregiving behaviour 

from their foster parents. However, children with secure-base distortions in their sample 
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were less securely attached than were children without these distortions. This 

inconsistency in findings related to behaviours indicating secure-base distortions 

reinforces the need to further evaluate validity of this attachment construct and explore 

the role of the quality of caregiving, in different samples. 

 Finally, it is important to reiterate that seemingly inconsistent or divergent 

findings from other studies may be explained by sample characteristics, in that some 

studies (as ours) investigate children who are currently in institutional care, while others 

assess previously institutionalised children (who have been adopted), and yet others 

assess children with varying (or none) experience in institutional care, living with foster 

families. This can have implications for the function and aetiology of similar 

(attachment-related) deviant behaviours, which may have different meanings in 

different samples. 

 

Limitations 

 There are several limitations that need to be considered when interpreting these 

findings. First, the primary caregiver provided information about both the child’s 

attachment-disturbed behaviour and emotional/behaviour problems, making it 

impossible to rule out informant bias. Also, it was common that caregivers did not 

always know the children very well (even though they were supposedly the one who 

knew the child best), imposing constraints on the interpretation of results with these two 

measures. Given the suspicion that behaviour problems may be underreported by 

caregivers, and due to the fact that a problem-behaviour checklist such as the CBCL 

does not afford elaboration of caregiver views in the way that a psychiatric interview 

does, which could explain the failure to replicate McGoron et al.’s (2012) finding that 

caregiving quality predicted psychopathology symptoms, future studies would likely 

benefit from the inclusion of diagnostic interviews with caregivers and/or observational 

measures of emotional and behavioural problems. 

 It was also not possible to test the existence of critical periods in this sample, 

because all children were in the institution for at least 6 months, and only two children 

entered the institution before 6 months of age. In addition, the cross sectional nature of 

the study limits interpretations of associations.  

 As these 72 children were placed in different institutions that vary in several 

ways, they were exposed to different contextual characteristics that are complex to 

define and measure. Future research should include observational methods that rely in 

extensive and systematic information, and invest in the assessment of dynamic and 
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interactive characteristics of institutional care.  

 
Finally, com

parisons w
ith existing literature on the effects of institutional care 

m
ust be done w

ith caution in view
 of the fact that m

ost relevant studies have focused on 

children placed in East European institutions at a very early age and for reasons that 

differ from
 those leading to placem

ent of Portuguese children in institutions, typically at 

older ages. 

 C
linical im

plications 

 
These findings show

 that sensitive caregiving m
ay, even in the unfavourable 

environm
ent of an institution, m

ake a difference in reducing children’s attachm
ent-

disturbed behaviour. W
hether less problem

atic attachm
ent behaviour elicited m

ore 

sensitive caregiving or sensitive caregivers prom
oted children’s attachm

ent behaviour 

rem
ains unclear, but the literature supports the possibility that the latter is reasonable. 

W
e w

ould highlight M
cC

all and colleagues’ (The St. Petersburg-U
SA

 O
rphanage 

R
esearch Team

, 2008) intervention study aim
ed at im

proving the quality of caregiving 

in institutions in R
ussia. This team

 provided training to prom
ote m

ore sensitive and 

responsive caregiving, and structural changes to support positive relationships betw
een 

caregivers and children, m
ostly by reducing the num

ber of caregivers per child. In those 

institutions receiving both training and these structural changes, children displayed 

m
ore positive em

otions, m
ore proxim

ity-seeking and contact m
aintaining attachm

ent 

behaviour, and less avoidant attachm
ent behaviour w

ith their caregivers. 

 
These data then accord w

ell w
ith those cited earlier by M

cG
oron et al.’s (2012) 

w
hich also highlighted the im

portance of the caregiving environm
ent and the quality of 

the relationship w
ith the caregiver w

hen it com
es to understanding variation in the 

developm
ent of institutionalised children. These findings support the potential value of 

prom
oting the quality of caregiving that institutionalised children receive in order to 

prom
ote healthier attachm

ent behaviour and to reduce em
otional/behavioural problem

s. 
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Table 1: Child variables.  

 Mean (SD) Range 

Age at assessment (months) 53.39 (10.80) 36-75 

Age at admission (months) 33.83 (16.43) 3-69 

Time in institutional care (months) 19.06 (12.32) 6-49 

Development quotient 96.19 (11.47) 70-129 

Indiscriminate behavior 1.10 (1.78) 0-6 

Inhibited attachment 1.92 (1.80) 0-7 

Secure-base distortions .39 (.80) 0-4 

Emotional/behavior problems 34.46 (17.68) 8-85 

Note. N = 72 (42 boys). 

 
Table 2: Caregiver and institution variables. 

 Mean (SD) Range 

Stability and individuality of care: caregiver (sum of dichotomized items) N = 51 1.16 (.77) 0.00-3.00 

Caregiver’s sensitivity N = 72 5.14 (1.95) 1.00-9.00 

Stability and individuality of care: institution (sum of z scores of items) N = 16 . 37 (1. 76) -2.64-2.39 

 Frequencies 

 Assigned caregiver Caregiver of reference Preferred caregiver 

Classification of caregiver-child relationship N = 72 16 (22.2%) 38 (52.8%) 18 (25.0%) 
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Table 3: Correlations between all variables. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note. N = 72. All values are Pearson coefficients (2-tailed). * p < .05; ** p < .01; *** p < .001 
 
 

 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

1. Child age             

2. Child gender .28*            

3. Child developmental quotient -.01 -.16           

4. Child age at admission .67*** .22 .00          

5. Child institutionalization length -.01 -.05 -.00 -.75***         

6. Stability and individuality of care: 
Institution 

.28* .10 .11 .20 .02        

7. Stability and individuality of care: 
Caregiver 

.25* .26* .07 .16 .02 .24*       

8. Classification of caregiver-child 
relationship  

-.08 -.21 .01 -.07 .02 .09 .27*      

9. Caregiver sensitivity .05 -.17 .20 .14 -.14 -.06 .18 .26*     

10. Indiscriminate behavior .07 .06 -.21 .06 -.02 .09 -.06 .04 -.33**    

11. Inhibited attachment -.06 -.07 -.25* -.07 .03 -.20 .02 -.29* -.26* -.02   

12. Secure-base distortions -.01 .02 -.12 -.12 .15 .10 -.01 -.12 -.34** -.01 .40**  

13. Emotional/behavior problems  -.16 -.10 -.08 -.21 .13 .03 .07 -.13 -.20 .19 .52*** .31** 
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Table 4: Predictors of child attachment-disordered behaviors and emotional/behavior problems. 
 

 Indiscriminate 

behavior 

Inhibited    

attachment 

Secure-base   

distortions 

Emotional/behavior 

problems 

 Wald F β SE Wald F β SE Wald F β SE Wald F β SE 

Child’s developmental 
quotient1 

-- -- -- 3.16† -.03 .02 -- -- -- -- -- -- 

Child’s institutionalization 
length 

.01 -.01 .02 .25 .01 .02 1.82 .02 .02 1.59 .19 .15 

Stability and individuality 
of care: Institution 

-.80 .11 .12 -1.89 -.17 .12 -.88 .15 .16 -.04 .33 1.64 

Child’s developmental 
quotient1 

-- -- -- 2.99† -.03 .02 -- -- -- -- -- -- 

Stability and individuality 
of care: Caregiver 

.01 .02 .32 1.38 .27 .23 .08 .12 .42 1.21 3.30 3.00 

Classification caregiver-
child relationship 

.04 .08 .37 4.02* -.71 .35 .04 -.10 .54 1.57 -3.65 2.92 

Caregiver’ sensitivity 6.77* -.33 .13 1.03 -.13 .13 6.39* -.40 .16 1.83 -1.66 1.23 

 
Note. N = 72. Prediction models were ordinal regressions for indiscriminate behavior, inhibited attachment and secure-base distortions, and linear 
regression for emotional/behavior problems. All regression analyses included institution and caregiver as clustering variables. 1Values when other 
variables are entered (on the second block). † p < .1; * p < .05  
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Chapter 4 

 

Exposure to early institutional care:  

A systematic literature search of the electrophysiological evidence 

 

Introduction 

Research on brain imaging and electrocortical activity in children deprived of 

normative rearing experiences and exposed to neglectful or abusive caregiving is 

somewhat scarce but fast-growing. Evidence indicates that early exposure to adverse or 

disadvantaged environments, such as institutionalisation, negatively affects the 

individual’s neurodevelopment (Pechtel & Pizzagalli, 2011; Rutter, 2012; Tomalski & 

Johnson, 2010). Alterations in brain electrical activity and in patterns of neural 

processing associated with institutional care have been reported. This article 

systematically reviews findings from 19 studies that have used electrophysiological 

tools to illuminate the neural substrates of institutionalised children’s developmental 

outcomes.  

Toward this end, we first describe how an individual’s rearing environment, and 

in particular institutional care, is thought to affect brain development and, more 

specifically, cognitive and socioemotional functions. We also highlight some important 

methodological and theoretical issues before proceeding to review the relevant 

literature.  

 

Circumstances of institutional deprivation and impact on brain development  

Early institutionalisation, which generally implies exposure to sensory, 

cognitive, linguistic, and, especially, psychosocial deprivation, is associated with 

developmental delays and deficits that likely implicate alterations in brain development 

(Nelson, 2007; Nelson, Bos, Gunnar, & Sonuga-Barke, 2011). Notwithstanding this 

claim, it needs to be appreciated that the residential institutions which are the focus of 

this review are not all the same, varying considerably in the quality of care provided. 

Gunnar (2001) classified institutions into three levels of privation: (1) institutions 

characterised by global deprivation of the child’s health, nutrition, stimulation, and 

relationship needs; (2) institutions with adequate health and nutrition provision, but 

deprivation of the child’s stimulation and relationship needs; and (3) institutions that 

meet all needs except for stable, long-term relationships with consistent caregivers. 

Despite such important variation across institutions, virtually all have a core set of 
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characteristics in common—such as a high number of rotating staff caring for large 

groups of children, many children per caregiver, little training of staff and little time for 

individualised social interactions—that limit children’s opportunities to develop socially 

and emotionally and to establish selective relationships with caregivers (van IJzendoorn 

et al., 2011). 

Institutional rearing has been consistently and for a long time associated with 

delays in children’s physical and mental developmental, as well as elevated rates of 

behavioural and emotional problems (cf. Maclean, 2003), particularly regarding some 

domains such as externalising problems, disinhibited social behaviour or inattention/ 

overactivity (Kumsta et al., 2010; van IJzendoorn et al., 2011).  

In spite of links between the caregiving neglect so characteristic of institutional 

rearing and compromised developmental functioning, it remains unclear what specific 

features of neglectful care causally contribute to adverse effects of institutionalisation 

on children’s development. And although there is ever more indication that early 

adversity and neglect negatively affect neurodevelopment (cf. Fox, Levitt, & Nelson, 

2010), the particular neurobiological substrates associated with and likely responsible 

for institutionalised children’s compromised development has, until recently, remained 

largely unknown. In a fast-growing body of research, however, neuroscience tools have 

been employed with institutionalised children to illuminate whether and how alterations 

in neurodevelopment resulting from early deprivation can account for their behavioural, 

emotional and cognitive problems. It is the goal of the current report to review the status 

and contributions of such remarkable research.  

Neuroscience research on institutionalised children assumes that the failure of 

neglectful caregiving settings to provide many elements of an “expectable” rearing 

environment—such as access to a consistent caregiver and appropriate cognitive and 

emotional stimulation—leads to an underspecification and possibly mis-wiring of 

neuronal circuits, as well as possible problems involving the pruning of neurons and 

synapses that is dependent on experience (Nelson, 2007; Pechtel & Pizzagalli, 2011).  

In addition to the putative role of lack of stimulation on neuronal circuits, 

institutional rearing has been associated with dysregulation of the neuroendocrine 

systems, inadequate nutrition (e.g., insufficient iron), and small physical growth 

including smaller head circumference (which in infancy is related to brain growth) (cf. 

Nelson et al., 2011).  All of these are associated with brain development and can 

therefore constitute explanatory mechanisms to understand institutionalised children’s 
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alterations in neurodevelopment and, consequently, their behavioural problems (Nelson 

et al., 2011).  

Understanding the precise neural changes associated with exposure to these 

forms of environmental deprivation is a critical scientific goal, not only for deepening 

our understanding of brain development, but also in advancing our capacity to 

effectively treat the sequelae of early childhood neglect. However, for obvious ethical 

reasons, it is not possible to experimentally manipulate the subjects’ exposure to 

adverse environments. Thus, in addition to work using animal models, research in high-

risk samples (particularly those deprived of normative parental care) using 

neurobiological methods provides the primary evidence regarding the brain changes 

associated with highly adverse care in humans. 

 

Plasticity in brain development and differential susceptibility to the environment 

There is increasing evidence that the first years of life may be a particularly 

sensitive period for neural response to environmental input due to the rapid growth of 

the central nervous system during this period of development (for a review of the 

concepts of experience-expectant and experience-dependent processes and the more 

recent, hybrid construct of experience-adaptive programming, see Marshall & Kenney, 

2009). Therefore, the timing of exposure to adverse rearing may be crucial in terms of 

the magnitude and duration of the consequences (Rutter, 2012). Evidence generally 

indicates that the earlier the adversity, the greater the influence on brain development 

(Pechtel & Pizzagalli, 2011; Tomalski & Johnson, 2010). Nevertheless, the atypical 

neuronal patterns shown by institutionalised children are by no means inevitable nor set 

in stone, as the brain remains somewhat plastic throughout the life course, even if in 

varying degree depending on the developmental period in question (Karatoreos & 

McEwen, 2013; Tottenham, 2012).  

Important to appreciate as well is that individuals vary in the extent to which 

they are sensitive to the influence of their environment—be this a positive and growth-

promoting or negative and development-compromising context (for an empirical 

example see Drury et al., 2012). Indeed, according to the differential susceptibility 

thinking (Belsky & Pluess, 2013; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & 

Ijzendoorn, 2011), individuals are not only vulnerable or resilient in the face of 

adversity, but rather vary in their susceptibility to environmental influences “for better 

and for worse”. Despite ever growing evidence that characteristic of individuality that 

make some children more susceptible to the effects of both adverse and supportive 
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environments (Belsky & Pluess, 2013), it remains unclear whether this organism-by-

environment formulation is applicable to contexts as extreme in their adversity as 

institutionalisation (Ellis et al., 2011).  

 

Neural correlates of cognitive and affective functioning and the special case of face 

processing 

Given well-appreciated adverse effects of institutionalisation on behavioural 

functioning, there is reason to presume that brain processes are implicated in such 

sequelae. And this is because the higher order, complex cognitive and affective 

functions which have proven particularly vulnerable to the deleterious effects of early 

stress (i.e., socioemotional and executive functioning) are known to be linked with brain 

regions undergoing protracted postnatal development (e.g. corpus callosum, cerebellum) 

or with a very early sensitive period for maturation (e.g. amygdala) (Pechtel & 

Pizzagalli, 2011; Tottenham, 2012). The neural network implicated in social 

cognition—involving several, mainly limbic and paralimbic, structures (Bauman & 

Amaral, 2008; Payne & Bachevalier, 2009)—appears to be particularly dependent on 

experience and to develop over an extended period of time, with some components (e.g. 

subcortical areas such as the amygdala) coming online before others (e.g. cortical areas) 

(de Haan & Gunnar, 2009). At the same time, while institutionalised children’s 

cognitive abilities show a great recovery after adoption, socioemotional impairments 

appear much more enduring (Zeanah et al., 2003).  

 Research aiming to illuminate what might account for such socioemotional 

persistent effects of early adversity has explored one particularly important source of 

social information, which is the human face. Infants show a preferential orientation to 

faces very early on (Johnson, Dziurawiec, Ellis, & Morton, 1991) that guides 

subsequent experience with them (de Haan, 2008). Indeed, it is the repeated exposure to 

faces that promotes during the early years the progressive developmental perceptual and 

cortical specialisation for the processing of these stimuli (de Haan, 2008). Accordingly, 

when such experiential input is lacking or deviates severely from what would be 

normally expected, such as when a child is reared in an institution and cared by several 

and rotating caregivers, alterations in the developmental trajectory are anticipated—and 

documented (Bauman & Amaral, 2008; Shackman, Wismer Fries, & Pollak, 2008). In 

fact, the timing of experience appears important in shaping the development of face 

processing, highlighting the existence of sensitive periods (Nelson, 2001; Röder, Ley, 

Shenoy, Kekunnaya, & Bottari, 2013). Given this importance of faces to socioemotional 
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development and how it can be affected by deviations in normative rearing experiences, 

research on the neural substrates of institutionalised children’s development in this 

domain—which will be reviewed in this report—has examined neural correlates of face 

processing.    

 To conclude, early experiences have an important role on neurodevelopment in 

general and in high-order complex cognitive (e.g. executive) and socioemotional (e.g. 

emotion recognition and regulation) functions in particular. Not surprisingly, these are 

the areas observed to be particularly problematic in institutionalised children. Therefore, 

in addition to the interest in studying institutionalised children’s brain functioning in 

general, researchers have been investigating the neural correlates of their cognitive and 

socioemotional functioning—as we will see when we proceed to documenting findings 

resulting from such work. 

 

Importance and limitations of neuroimaging in the study of institutionalised 

children’s development 

In the new field of developmental cognitive and social neuroscience, the 

creation and proliferation of new imaging tools such as magnetic resonance imaging 

(MRI) and positron emission tomography (PET), as well as substantial progress in the 

application and analysis of more traditional (and less invasive for children) tools such as 

high-density recordings of electroencephalography (EEG), provide researchers an 

exceptional opportunity to study brain development.  

Multiple methods of neuroimaging have already been employed in studies of 

institutionalised samples, but most such research has relied on electroencephalography 

(EEG) or their counterpart Event-Related Potentials (ERP). Therefore studies using 

these tools will be the focus of the current review. EEG is a tool to record electrical 

activity along the scalp, with high temporal precision. The EEG signal can be analysed 

in terms of power in functionally distinct frequency bandwidths (e.g. theta, alpha, beta, 

and gamma), as well as in terms of coherence between two electrode sites and 

hemispheric asymmetry across a selected portion of the EEG frequency. ERP are 

derived from time-locked EEG responses to discrete presentations of stimuli, in order to 

investigate neural correlates of cognitive processes. Research with institutionalised 

children has investigated these parameters, as well as their relations to children’s 

behaviour. 

However, this burgeoning body of work is not without limitations that have been 

directed at the field of cognitive and social neuroscience. Problems with multiple-
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testing (Type I error), small sample size and small effects which result in low statistical 

power  (Type II error), as well as lack of theory-driven (or at least a-priori defined) 

hypotheses and non-replication of findings have been some of the criticisms directed at 

the field (e.g., Button et al., 2013). 

In spite of these criticisms and limitations, it is important to note that the 

application of neuroscientific methods to the study of institutionalised children’s 

development is still at an early stage. It provides insightful (even if preliminary) 

conclusions with regards to the anatomy and functioning of these children’s brains, as 

well as the identification of the neural substrates associated with poor cognitive and 

behavioural outcomes extensively documented in the literature.  

In line with the background provided and this rapidly growing field, the current 

article offers—to the best of our knowledge—the first systematic literature search of the 

literature on brain electrical activity in children who have experienced institutional care. 

 

Method 

In order to identify studies of institutionalisation that used EEG/ERP methods, 

systematic literature searches were conducted within PubMed and PsychInfo databases, 

in May 2015, with no publishing date as cutoff. Different combinations were inserted 

for the following search terms: “child/ children” + “institutionalised/ institutional/ 

orphan/ orphanage” or “substitute parental care” or “deprived/ deprivation” or 

“maltreated/ maltreatment/ neglected/ neglect” or “adverse rearing” + “eeg/ erp” or 

“neuro/ neural”. This wide range of terms was used in order to maximise the 

identification of articles with (post-)institutionalised children or children reared in 

substitute care (e.g. foster-care) which presented novel electrophysiological findings, 

especially given the relative scarcity of studies with these samples. The search identified 

1327 entries in the first database and 33,935 in the second. Inclusion criteria for studies 

were: (1) brain activity was examined using electroencephalography (EEG/ERP); (2) 

participants were healthy children or adolescents (or adults, in retrospective studies); (3) 

participants experienced institutional rearing or substitute-care (e.g. foster-care); (4) 

articles were published in the English-language and peer-reviewed journals, presenting 

original data. Inspection of the title and/or abstract and, if necessary, the full text, led to 

the identification of 19 articles. These 19 articles are the focus of this review.  
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Systematic literature search 

The main findings of the 19 articles that met the inclusion criteria for this 

systematic search will be described below, and simultaneously briefly discussed. 

Findings are organised in two main sections, with the first concerning EEG results and 

the second ERP results. Within each of these sections, we first review results relating to 

institutionalisation effects and then those relating to brain-behaviour associations. See 

Table 1 for summary of studies, with indication of the main variables that were analysed 

and constitution of samples. 

 

EEG power, coherence and asymmetry   

EEG band power 

Each frequency band in the EEG signal has different functions and physiological 

origins, and in young children they are thought to be in the range of 3–5 Hz for theta, 6–

9 Hz for alpha, and 10–18 Hz for beta bands (Marshall, Fox, & the BEIP Core Group, 

2004; Tarullo, Garvin, & Gunnar, 2011). In typical development, the relative 

contribution of low frequencies to the EEG power spectrum decreases and the 

contribution of higher frequencies increases with age (e.g., Harmony, Marosi, Díaz de 

León, Becker, & Fernández, 1990; Marshall, Bar-Haim, & Fox, 2002). Increased EEG 

power in low-frequency bands and reduced power in high-frequency bands have been 

associated with delayed development, learning and attention difficulties (e.g., Barry, 

Clarke, & Johnstone, 2003), and upbringing in poor socio-economic and cultural 

contexts (Harmony et al., 1990; Otero, Pliego-Rivero, Fernández, & Ricardo, 2003). 

Therefore, this pattern of EEG power distribution has been hypothesized to index 

delayed maturation of the central nervous system (CNS; e.g., Harmony et al., 1990) 

and/or cortical hypoarousal (see Barry et al., 2003). Informed by this literature, this 

pattern of power distribution is a candidate neurophysiological marker of deficits in 

brain functioning, hence its relevance in the study of institutionalised children. 

There are two samples of institutionalised children who have been tested for 

EEG power distribution—one composed of Romanian children abandoned or removed 

from their biological families and placed in orphanages; another of children 

internationally adopted (from institutions or foster families of several countries) into the 

United States. The first was recruited for a large research project that will repeatedly be 

referred to, which is the Bucharest Early Intervention Project (BEIP). A group of 

currently institutionalised children was recruited from six institutions in Bucharest, 

Romania (EEG recorded from n = 136; but see detail of sample sizes for each time-
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point in Table 1), and compared to a group of never-institutionalised children who were 

living with their biological families in Bucharest (n = 72), matched on age and gender 

(age range = 6-30 months). During the baseline assessment (Marshall et al., 2004; 

Marshall, Fox, & the BEIP Core Group, 2007), the two groups of children were 

compared on measures of EEG absolute power and relative power1 in the theta, alpha, 

and beta frequency bands. As expected, group differences in absolute power emerged, 

such that the institutionalised group presented higher power in the theta band 

(particularly at occipital sites), while lower power in the alpha (at occipital and temporal 

sites) and beta (particularly at occipital sites) bands was observed when compared to the 

never-institutionalised group. Analysis of relative spectral power replicated these 

findings, in that the institutionalised children had a greater proportion of spectral power 

at lower frequencies, namely, higher theta power (at frontal, parietal, occipital and 

temporal sites), as well as less relative alpha (overall) and beta (at frontal, parietal, 

occipital and temporal sites) power, compared to the never-institutionalised children.  

Following the baseline assessment in the BEIP, longitudinal testing was 

conducted with institutionalised children randomly assigned to one of two groups: 1) a 

group that remained in institutional “care as usual” or 2) a group placed in high quality 

foster care. Children were re-tested at several time-points, and at the 42 months of age 

assessment they were compared in terms of EEG power (Marshall, Reeb, Fox, Nelson, 

& Zeanah, 2008). No group differences in any of the frequency bands for absolute 

power or relative power were observed. However, among the foster-care group, an 

earlier age at placement was correlated with higher relative alpha power. Moreover, 

those in the foster-care group who were placed before 24 months of age had higher 

alpha power than the “care as usual” institutionalised group. 

The children from the BEIP were later re-assessed when they were eight years 

old2 (Vanderwert, Marshall, Nelson, Zeanah, & Fox, 2010). At this point the foster 

children had received 5.5-7.5 years of foster care intervention. EEG findings showed 

that absolute theta power was greater in the institutionalised than the foster-care group 

at the temporal region in the left hemisphere. Absolute alpha power was greater in the 

foster than the institutionalised group over the central region, especially over the left 

                                                
1 Relative power is the proportion of power at a given electrode site relative to total power at the same 
site, thus it is less influenced by individual differences resulting from age, skull thickness and other 
anatomical factors. 
 
2 The BEIP team uses an “intent-to-treat” approach, which means that even though the living 
arrangements do not remain the same for all children across assessments, data are analysed as if each 
child had remained in their originally assigned group. 
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hemisphere. Furthermore, the alpha power of the foster children placed before 24 

months was comparable to that of the never-institutionalised, while the alpha power of 

the foster children placed after that age was comparable to that of the institutionalised 

children—especially over the left hemisphere. There were no group differences in the 

beta band, nor in the other bands when assessing relative power. 

The second sample, composed of international adoptees, was assessed in the 

United States by Tarullo and colleagues (Tarullo et al., 2011), aiming to determine if the 

patterns of EEG power distribution observed in the institutionalised children from the 

BEIP could be replicated in internationally adopted post-institutionalised children. 

Three groups of children were evaluated (N = 143)—post-institutionalised children, 

children internationally adopted from foster care, and children who were non-adopted 

and reared with their birth families in the US. Participants underwent EEG recording at 

18 months of age. Consistent with BEIP results, post-institutionalised children 

displayed more relative theta power overall than the non-adopted group, with the post-

foster-care group being intermediate between the other two. In contrast, the non-adopted 

children displayed more absolute and relative beta power than both the post-

institutionalised and the post-foster-care groups (particularly in central, temporal and 

parietal areas). The non-adopted children also exhibited more absolute alpha power than 

the other two groups (particularly in central, temporal and parietal areas). General 

deprivation, physical growth and cognitive ability were unrelated to EEG variables, 

suggesting that group differences in the EEG were not due to global developmental 

delay in the institutionalised children. 

From these two different samples, it can be summarised that at around 1½ to 2 

years of age, children reared in institutions were found to display higher power in low-

frequency (theta) and lower power in mid- to high-frequency (alpha and beta) bands, 

compared to children from the non-institutionalised community. This power distribution 

signals either abnormalities or a delay in normal brain maturation. The concentration of 

power in lower frequencies can be interpreted as neural hypoactivation in children with 

a history of early relational deprivation, likely resulting from the lack of stimulation 

from stable and responsive caregivers (Marshall et al., 2004; Moulson, Westerlund, 

Fox, Zeanah, & Nelson, 2009b; Tarullo et al., 2011).  

Intervention effects of the foster-care placement on brain power became clearer 

at the 8-years assessment of the BEIP, suggesting that the continuous experience of high 

quality foster-care was able to mitigate, to some extent, the deleterious effects of 

deprivation. This was especially true for children placed in foster-care before 24 months 
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of age, whose alpha power was comparable to that of the never-institutionalised 

children. Therefore, alpha power in particular—which has been associated with 

attention and alertness (e.g., Marshall et al., 2002)—appears to be a promising marker 

for the status of institutionalised children’s brain development. 

 

EEG coherence 

Coherence evaluates the degree of synchrony between brain activity recorded at 

two electrode sites across a selected portion of the EEG frequency range (e.g., Harmony 

et al., 1990). Hence it is thought to provide a measurement of the integration and 

differentiation of neural networks (Thatcher, North, & Biver, 2008). It is already known 

that coherence changes throughout development: as age increases, coherence has been 

found to increase within the more proximal cortical sites (i.e. local integration), but to 

decrease in more distal cortical sites (i.e. distant differentiation) (Thatcher et al., 2008). 

At the same time, decreased widespread coherence (but especially in the frontal lobes) 

has been associated with higher IQ, suggesting that decreased coherence reflects 

increased complexity of the brain and thereby increased speed and efficiency of 

information processing (e.g., Thatcher, North, & Biver, 2005). 

Considering that decreased coherence between certain locations has been 

associated with increased complexity of brain circuits, it has potential for providing a 

proxy of delays or impairment in institutionalised children’s brain development. 

Accordingly, when children enrolled in the BEIP were re-tested at 42 months of age 

(Marshall et al., 2008), the institutionalised in “care as usual” and the foster-care groups 

were compared in terms of EEG intrahemispheric coherence in each of the three 

frequency bands (theta, alpha, beta). As expected, the foster children showed lower 

mean coherence compared with the institutionalised children, but in the right 

hemisphere only. To further understand effects of timing and duration of the foster-care 

intervention, follow-up analyses revealed a lower short-distance coherence (e.g. frontal-

central, frontal-temporal) for children who were placed at an earlier age and after the 

longest durations of intervention. These findings suggest sub-optimal brain networks 

among the children who remained institutionalised and those who were institutionalised 

for longer before placement in foster-care.  

 

Hemispheric asymmetry in EEG power 

Hemispheric asymmetries in the EEG signal are computed by comparing power 

at homologous sites in each hemisphere. Inspection of these hemispheric asymmetries 
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in brain activation has proved useful in the understanding of emotional and behavioural 

development (Davidson, 1993; Segalowitz & Berge, 1995). Firstly, not only are 

hemispheric asymmetries expected during certain brain operations or for different 

aspects of a brain operation (e.g. a right-hemisphere dominance when making decisions 

about facial expressions (Levy, Heller, Banich, & Burton, 1983), but changes in 

asymmetry patterns are also expected to occur throughout typical development 

(Segalowitz & Berge, 1995). Secondly, individual differences in patterns of relative 

hemispheric activation have been associated with distinct behavioural profiles. Most 

notably, a left-sided frontal dominance has been associated with positive emotional 

states, social competence and tendency for approach, and a right-sided frontal 

dominance with negative emotional states, social withdrawal and behavioural inhibition 

(Davidson, 1993; Fox, Henderson, Rubin, Calkins, & Schmidt, 2001; Fox et al., 1995). 

Therefore, asymmetry in brain activity is a relevant measure in the study of the neural 

substrates of institutionalised children’s emotional and behavioural development. 

The EEGs of the BEIP sample at baseline were analysed with respect to 

hemispheric asymmetry in power, and group differences were detected (Marshall et al., 

2004). Indeed, the never-institutionalised children showed overall right-sided 

asymmetries in theta and beta absolute power, whereas the institutionalised children 

showed no such effects in any of the frequency bands. The asymmetries among the 

never-institutionalised group were found particularly in the temporal and occipital areas, 

but not at frontal leads. Literature reporting left and right asymmetries over the temporal 

region in typically developing infants and children, as well as, in particular, a right-

sided asymmetry in EEG power over the occipital region, support the atypicality of the 

absence of asymmetries in the EEGs of the institutionalised children from the BEIP 

(Marshall et al., 2004). 

More recently, in a piece of work more directly focused on understanding the 

patterns of hemispheric asymmetries shown by the BEIP sample, McLaughlin and 

colleagues (McLaughlin, Fox, Zeanah, & Nelson, 2011) assessed children’s EEGs at 

several time-points—baseline, 30, 42, and 96 months of age. The participants’ trajectory 

of frontal EEG asymmetry was analysed across the measured time points, and it was 

found to be different for the children who had experienced institutional care and the 

never-institutionalised children. First of all, the institutionalised children exhibited 

greater left than right frontal activity, at baseline, compared to the never-

institutionalised age-mates. Secondly, the initial increase in right hemisphere frontal 

activity that was observed among all participants, persisted for a longer time in children 
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who experienced institutionalisation (until 42 months of age in the institutionalised vs. 

30 months in the never-institutionalised participants), and the subsequent rebound of 

left activity (by 8 years of age) was less evident in the institutionalised children. By the 

8 years assessment, while the never-institutionalised group exhibited greater activity in 

the left than the right hemisphere, children exposed to institutionalisation displayed the 

opposite asymmetry pattern. When looking only at the post-institutionalised children 

who were assigned to foster care, placement in foster care at an early age (i.e. before 24 

months) was associated with a more favourable trajectory, specifically, a less 

pronounced increase in right frontal activity relative to left (compared to children placed 

after that age). The authors interpreted their findings as potentially indicating different 

approach/withdrawal tendencies in the institutionalised children during the different 

stages of development. Specifically, the greater activation of the left hemisphere in 

infancy would correspond to a tendency for approach behaviour, which could result 

from an initial attempt to engage the novel and overloaded caregivers, whereas the 

greater activation of the right hemisphere at eight years of age would correspond to a 

tendency for withdrawal from the unresponsive environment. Besides the association 

with withdrawal in the face of novelty, a right-hemispheric dominance has been 

associated with negative emotions such as anxiety and depression (Davidson, 1993; Fox 

et al., 2001; Fox et al., 1995). Therefore this asymmetry pattern (by eight years of age) 

may help to explain the neural underpinnings of increased emotional difficulties and 

psychopathological symptoms frequently seen in institutionalised children. 

 

Behavioural correlates of EEG power 

The hypothesis that institutionally-reared children would show an excess of low-

frequency power and a reduction in high-frequency power in the EEG has been 

consistently confirmed. Consequently the question of whether this pattern constitutes a 

neurophysiological marker of deficits in functioning among these children is addressed 

next. Namely, it becomes relevant to test the behavioural correlates of children’s EEG 

patterns, in respect to those domains where institutional rearing is known to have clear 

effects, such as executive and attentional deficits, internalising and externalising 

symptoms, and socioemotional difficulties (e.g. indiscriminate social behaviour). 

 

EEG – Links with psychopathology 

Behavioural correlates of EEG spectral power and asymmetry were analysed in 

the BEIP. Here, McLaughlin and colleagues (McLaughlin et al., 2010) tested whether 
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EEG absolute and relative power at baseline (results described earlier) predicted 

psychopathological symptoms at 54 months of age in this sample. First, the authors 

reported that in comparison to the never-institutionalised group, the institutionalised 

children had increased rates of ADHD symptoms of inattention, hyperactivity, and 

impulsivity, as well as more symptoms of anxiety, depression, and disruptive behaviour. 

Secondly, EEG relative power at baseline was associated with ADHD symptoms at 54 

months but not with the other psychopathology symptoms. In particular, increased 

relative power in the theta band and decreased relative power in the alpha band (in 

different regions, bust mostly frontal) were associated with more hyperactivity and 

impulsivity. Lastly, there was evidence for a mediating role of these EEG variables in 

the association between institutional rearing and increased hyperactivity/ impulsivity 

symptoms. This suggests that the high prevalence of these symptoms in institutionally 

reared children may be partially explained by differences in brain development 

compared to home-reared children. 

In a study that was already mentioned, McLaughlin and colleagues (2011) 

followed up the BEIP sample after baseline and re-assessed them after randomisation to 

a foster-care group or institutionalised “care as usual” group. In addition to recording 

children’s EEG, they did a psychiatric assessment at 54 months, with the intention of 

testing whether the trajectory of frontal EEG asymmetry predicted children’s 

internalising (anxiety, depression) and externalising (attention-deficit/hyperactivity 

disorder, oppositional defiant disorder, and conduct disorder) symptoms. They found 

that, with baseline EEG asymmetry controlled, EEG frontal asymmetry at 42 months 

predicted children’s internalising symptoms (but not externalising ones). Recall that the 

rebound in left asymmetry occurred much later for the institutionalised than the never-

institutionalised children, and by 42 months the institutionalised children still showed 

right-greater-than-left frontal asymmetry. These findings suggest that although a right-

sided frontal activation asymmetry appears normative in early childhood, a delayed 

rebound of left activation may confer a risk for psychopathology. 

In conclusion, the increased low-frequency and decreased mid- and high-

frequency brain activity that characterises institutionalised samples—and which has 

been suggested to indicate delayed cortical development—, appears to be a potentially 

important mechanism linking early institutional rearing with features of ADHD 

(particularly hyperactivity and impulsivity). Furthermore, hemispheric asymmetry in 

activation of the frontal cortex—a substrate of affective style and approach/withdrawal 

behaviour—showed a different trajectory in the institutionalised compared to the never-
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institutionalised children, with this trajectory being predictive of the onset of 

internalising psychopathology in early childhood. Taken together, these results strongly 

suggest that adverse rearing environments have an impact on neurodevelopment, which 

in turn can manifest as psychopathology. 

 

EEG – Links with cognition and social behaviour 

 In other work with the BEIP sample, Almas and colleagues (2012) tested if the 

EEG alpha power at the eight years assessment (Vanderwert et al., 2010) and 

attachment security to the primary caregiver (at 42 months of age), were associated with 

children’s development of social skills (as assessed by their teachers’ reports when 

children were 8 years old). First, the authors reported that teachers’ ratings of social 

skills were higher for the never-institutionalised group than the institutionalised in “care 

as usual”. Early-placed (<20 months) foster-care children had similar ratings to the 

never-institutionalised group, and ratings of late-placed foster children were equivalent 

to the institutionalised in “care as usual”. Among the children exposed to institutional 

care (i.e. the “care as usual” and the foster-care groups), increased alpha power not only 

predicted better social skills, but also moderated the relation between attachment 

security and social skills. Specifically, for children with high alpha power, a greater 

attachment security predicted better social skills.   

 A different and younger sample, introduced earlier, of children internationally 

adopted into the United States, was assessed by Tarullo and colleagues (2011). Recall 

that the patterns of EEG power distribution (at 18 months) in previously 

institutionalised children were characterised by increased low-frequency and decreased 

high-frequency power (which was unrelated to their nonverbal cognitive ability). Then, 

the authors investigated if that pattern of power distribution predicted children’s 

functioning later on. Children’s display of 1) indiscriminate friendliness during an 

interaction task with an adult stranger and 2) inhibitory control during delay of 

gratification tasks were evaluated at 36 months of age. These indicators of social and 

cognitive functioning are particularly relevant due to extensive evidence that 

institutional rearing has direct effects on their development. First, post-institutionalised 

and post-foster children were more likely to display indiscriminate friendliness than the 

non-adopted. Interestingly, displays of indiscriminate friendliness at 36 months were 

predicted by a pattern of higher relative theta and lower absolute alpha power at 18 

months. Secondly, even though the groups did not differ in regards to measures of 
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inhibitory control at 36 months, higher scores were predicted by higher relative beta 

power across the entire sample.  

 To conclude, the pattern of hypoactivation (low alpha power, high theta power) 

seen in institutionally-reared children is associated with poor social-behavioural 

outcomes, offering tentative explanations for why some children manifest social-

behavioural problems while others do not. Specifically, these studies indicate that 

reduced high-frequency power and increased low-frequency power are associated with 

poorer social skills, poorer inhibitory control skills, and display of developmentally 

inappropriate violations of social boundaries (i.e. indiscriminate friendliness). However, 

the experience of forming a more secure attachment relationship during early childhood 

combined with a recovery of EEG alpha power by age 8 appears to have a positive 

influence on the development of social skills (Almas et al., 2012). 

 

Event-related potentials 

So far we described in detail what is known about institutionalised children’s 

neurodevelopment in terms of EEG power. We now turn to findings pertaining to a 

related methodology—event-related potentials (ERP). ERP measures are derived from 

time-locked EEG responses to discrete events (e.g. visual or auditory stimuli), in order 

to investigate neural correlates of cognitive processes.  

ERP research with institutionalised children generally aims to find neural 

correlates of their socioemotional and cognitive/regulatory difficulties—two domains 

particularly affected by the exposure to institutional care. Research in the 

socioemotional domain frequently analyses neural responses to facial and emotional 

stimuli, given their salience for understanding the “social brain”. In order to investigate 

the latter, regulatory and executive functions, demanding tasks that require performance 

or inhibition of an action are usually employed.  

From the averaged ERP waveforms, which consist of a sequence of positive and 

negative voltage deflections, “components” are extracted. These components are 

detected based on the positive or negative deflection, the peak’s position within the 

waveform, and scalp distribution. For example, the N170 and the P100 (or P1) are 

components that are maximal over occipital sites, corresponding to a negative voltage 

deflection at around 170 ms and a positive deflection at around 100 ms (after a stimulus 

is presented), respectively. Common metrics are peak amplitude (in microvolts), latency 

to peak (in milliseconds), mean amplitude or area under the curve. In the study of 

institutionalised children’s processing of socioemotional stimuli, ERP components 
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commonly analysed are those implicated in face perception and in attentional processes 

involved in salient stimuli. Investigation of cognitive and executive processes has 

mostly used components globally involved in attention and response monitoring. ERP 

components allow inferences about underlying cognitive processes, thus they can be 

highly informative when compared between groups or conditions during a given task. 

We provide a brief explanation of the components that will be addressed in this review 

in Table 2. 

 

ERPs – Facial/familiarity recognition  

In one of a series of ERP studies with the BEIP sample, Parker and Nelson 

(2005a, 2007) compared the institutionalised group to the never-institutionalised group 

when they were 7 to 32 months-old (i.e. the baseline time-point). ERPs were recorded 

while children were presented with the face of their caregiver (the mother for the 

family-reared children and the preferred institutional caregiver for the institutionalised 

children) and the face of a stranger. There were marked group differences in amplitude 

of neural responses in general, but both groups exhibited identical discrimination of 

facial identity. Indeed, in comparison with the never-institutionalised, the 

institutionalised children showed decreased amplitude in the N170, the Nc, and PSW, 

and increased amplitude in the P250. The never-institutionalised and the 

institutionalised children also displayed differences in N170 latency and hemispheric 

asymmetry, and age-related decreases in Nc latency in different brain regions. 

Nevertheless, both groups exhibited evidence of discrimination between the caregiver 

and stranger faces, in that the Nc amplitude in response to the former was greater than 

the Nc in response to the latter across the entire sample. 

In line with the longitudinal design of the BEIP, children were re-tested after the 

randomisation to institutional “care as usual” or foster-care, at 30 and 42 months of age 

(Moulson et al., 2009b). Firstly, the never-institutionalised children showed larger P1 

amplitudes than the institutionalised group at all time-points (amplitudes of the foster-

care group were between the other two groups). Yet, minimal group differences were 

again detected when comparing neural responses to the caregiver versus the stranger’s 

face. Specifically, all three groups of children displayed a larger and faster Nc to the 

stranger’s face, a faster P250 to the stranger’s face, and a larger P400 to the caregiver’s 

face. There were only a few indications of slightly divergent processing of faces 

between the never-institutionalised and the institutionalised groups, mostly a larger 
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N170 to the stranger’s and a faster P1 to the caregiver’s face exhibited by the 

institutionalised group alone.  

In summary, these two articles present evidence that, compared to family-reared 

age-mates, institutionally reared children show a pervasive cortical hypoarousal while 

processing faces. Encouragingly, this hypoactivation shows signs of amelioration 

following placement in high-quality foster care. Despite the exposure to such an 

extreme early caregiving environment, institutionalised children appeared to process 

familiar and unfamiliar faces similarly to never-institutionalised counterparts, showing 

differing neural responses to the caregiver’s and a stranger’s face. 

 

ERPs – Emotional expressions 

During baseline assessments, children from the BEIP also participated in an 

emotional task, where they were presented with pictures of adult females posing happy, 

sad, angry, and fearful facial expressions (Parker, Nelson, & The BEIP Core Group, 

2005b). Results from this study replicated the hypoactivation finding described above, 

in that the institutionalised children displayed reduced N170, Nc, and PSW amplitudes, 

compared to the never-institutionalised children. However, the institutionalised group 

displayed a larger P250 than the never-institutionalised, again during this task. In 

addition, there were group differences in age-related trajectories (e.g., a decrease, with 

age, in N170 latency and Nc amplitude among the never-institutionalised only) and a 

lack of hemispheric asymmetry in the ERPs of the institutionalised children (while they 

were shown by the never-institutionalised). Focusing on results relating to the emotional 

expressions, distinct responses to the different emotions were evident in the early 

components. Yet, this distinction of emotions occurred in very different patterns for the 

institutionalised and the never-institutionalised children. Namely, whereas the never-

institutionalised group displayed a larger N170 to sad than fearful faces, and a larger 

P250 to fearful than sad faces, the institutionalised group displayed almost the opposite 

pattern.  

Once again, following the baseline assessment, children were re-tested with this 

emotional expressions task at 30 and at 42 months of age (Moulson, Fox, Zeanah, & 

Nelson, 2009a)3. Firstly, P1 amplitudes were, in this task too, larger for the never-

                                                
3 The authors re-analysed the baseline data presented by Parker and colleagues (2005b) described above, 
using slightly different analysis criteria, which results in the samples at baseline not overlapping 
completely. The main new findings were a larger P400 and N170 in the never-institutionalised than the 
institutionalised group only over the right hemisphere, no group differences in the P250, and a faster Nc 
in the institutionalised than the never-institutionalised group. In terms of processing of emotions, the Nc 
was larger for fearful than angry expressions across the whole sample. 
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institutionalised than the institutionalised children in all time-points. The P400 was also 

larger in the never-institutionalised than the institutionalised group at the 42-months 

assessment. Amplitudes of the foster-care group in these two occipital components were 

intermediate between the other two groups. In contrast, there were nearly no group 

differences in the neural processing of emotions, as all participants showed similar 

activation patterns (e.g. a larger P250 in response to fearful than happy faces, and a 

larger Nc in response to fearful than the remaining faces). Hemispheric asymmetries 

visible in the occipital components (N170, P400 and P1) were also identical among all 

children. 

What can be concluded from these two studies is that they offer, first of all, a 

replication of the finding of decreased amplitudes in institutionalised children compared 

to never-institutionalised controls, suggesting a widespread cortical hypoarousal in the 

former. Placement in foster care shows promising ameliorating effects in that the foster 

children displayed intermediate amplitudes and latencies in occipital components 

between the other two groups. Findings relating to emotional processing were more 

inconsistent. On the one hand, all three groups of children demonstrated differential 

neural processing of the different emotions. On the other hand, for the early 

components—N170 and P250—the institutionalised children and the non-

institutionalised controls displayed different ERP patterns in response to the different 

emotional expressions, particularly fearful and sad expressions, during the baseline 

assessment. However, this finding was not replicated at follow-up (at 30 and 42 

months), where no differences were found. 

More recently, researchers from the BEIP (Nelson, Westerlund, McDermott, 

Zeanah, & Fox, 2013) proceeded to test the hypothesis that institutionally reared 

children performed relatively well (compared to the never-institutionalised) in the 

emotional task that they used because it required only simple emotion discrimination—

which is perhaps relatively spared despite their institutionalisation histories—, but 

would possibly show impairments in a more demanding, emotion recognition task. 

Therefore they assessed the BEIP sample at eight years of age, in a go/no-go task where 

they watched angry, neutral and fearful faces, with instructions to press a button for the 

angry face (and to inhibit the button press for the other facial expressions). The 

behavioural analyses revealed no differences between groups in accuracy or reaction 

times in identifying angry faces; however, the never-institutionalised and the foster-care 

groups showed better inhibition (during neutral and fearful trials) than the 

institutionalised group. This suggests that institutionalised children were less accurate or 
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slower at recognizing fearful and neutral emotions, or that they had more difficulty with 

inhibiting a response generally. Moving on to ERP findings, there were no group 

differences in N170 and P300 amplitudes, which were larger in response to fearful than 

neutral faces for all children. In contrast, angry faces elicited larger P1 amplitudes for 

the never-institutionalised children than for institutionalised children (and intermediate 

for those in the foster-care group). Also, never-institutionalised children showed a faster 

N170 to fearful faces compared to neutral faces, a distinction that was absent in the 

other two groups. Some effects of the timing of intervention were seen in the N2, with 

larger amplitudes shown by children placed at earlier ages in foster-care.  

In summary, behavioural and electrophysiological results from this study offer 

evidence that institutional care results in deficits in processing of facial emotion, in spite 

of what was found with the less demanding task (of perceptual discrimination) reported 

above at the 30 and 42 months assessments. However, it is not clear which emotions are 

more affected by institutional rearing; recall that that at baseline the main differences 

were in regards to sad and fearful emotions while at eight years of age they were seen 

mostly for anger. Lastly, deficits in emotion recognition appear to be remediable, given 

that subtle improvements in processing facial emotion were observed among the foster 

care group. 

 

ERPs – Links with cognitive functions  

As mentioned earlier, in the study of ERPs among institutionally reared children, 

there has been an interest in testing associations with cognitive processes such as 

executive function, attention and memory, due to the frequent difficulties in these areas 

reported in institutionalised samples. 

 Starting with children from the BEIP, at eight years of age they performed 

another go/no-go task while ERPs were recorded, aiming at assessing the impact of 

institutionalisation and foster-care intervention on one facet of executive functioning, 

inhibitory control (McDermott, Westerlund, Zeanah, Nelson, & Fox, 2012). In order to 

guarantee that participants could perform the go/no-go task those with low global IQ 

scores (<70) were excluded. Children were instructed to press a button for all but one 

letter. Behavioural data indicated that both the never-institutionalised and the foster-care 

groups were more accurate at performing the go/no-go task than institutionalised 

children. Surprisingly, the institutionalised children’s inaccuracy was error of omission 

on go trials (i.e. they performed well in inhibiting behaviour in the no-go trials), which 

may reflect difficulties with sustained attention. There were also group differences in 
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the ERP components under analysis. Specifically, the P300 was smaller among the 

institutionalised and foster groups, compared to the never-institutionalised controls. In 

addition, the institutionalised group displayed the smallest difference in reactivity 

between correct and incorrect trials as assessed by the error-related negativity (ERN)—

with the foster children having a comparable ERN to the never-institutionalised group. 

Processing speed, as assessed via N2 latency, was slower for the institutionalised than 

the foster-care and never-institutionalised groups.  

At the same time point—when they were eight years old—children enrolled in 

the BEIP performed a flanker task while ERPs were recorded, in order to assess 

children’s executive functioning skills (McDermott et al., 2013). Again, participants 

with low global IQ scores (<70) were excluded. A flanker task is intended to assess 

children’s ability to respond to a central target in the context of distracting stimuli 

(which can be congruent or incongruent). One executive functioning skill that was 

assessed was inhibitory control, indexed by accuracy and reaction times. In comparison 

to the never-institutionalised group, children in both the institutionalised and the foster-

care groups were less accurate on incongruent trials, and had slower reaction times on 

congruent trials. The other executive functioning skill that was assessed was response 

monitoring, assessed via ERN, Pe, and post-response reaction times. Group differences 

were found for the error-related positivity (Pe), specifically, both the institutionalised 

and foster-care groups displayed smaller amplitudes—indicating reduced processing of 

error—than the never-institutionalised group.  

A different research project in the United States (Loman et al., 2013) assessed 

three groups of 10-11 year-olds (N = 82). Children who had been internationally 

adopted out of institutions at 12-78 months of age (post-institutionalised group) were 

compared to a group of children adopted internationally at 2-8 months of age from 

foster-care (early adopted, post-foster-care), and to a group of children who had been 

born and raised with their biological families in the US (non-adopted). Only participants 

with IQ >75 were included. Children performed a go/no-go task to assess inhibitory 

control, and a flanker task to assess selective attention and conflict monitoring, while 

ERPs were recorded. Behaviourally, the post-institutionalised group demonstrated 

lower accuracy than the non-adopted. Interestingly, errors in the go/no-go task were, 

such as in the BEIP sample, omission of performance on go trials. Regarding ERP 

results, in the go/no-go task the post-institutionalised group showed later P2 latencies 

than the non-adopted, as well as smaller amplitudes for go than no-go trials, while there 

was no such effect for the non-adopted. The post-institutionalised children also showed 
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smaller N2 amplitudes than the non-adopted. In the Flanker task, the post-

institutionalised children had a smaller ERN amplitude, and a smaller difference in Pe 

amplitude for incorrect versus correct trials, than the non-adopted. With exception of 

later latencies to the P2 during the go/no-go task, the post-foster-care group did not 

differ from the non-adopted in any other behavioural or neural measurement. 

Furthermore, in support of the presence of timing effects, age at adoption and number of 

months in institutional care were negatively correlated with performance accuracy and 

reaction times. IQ appeared to have a small explanatory role on results, given that the 

only change for including it as a covariate was that they became trend-level effects.  

In another study, Güler and colleagues (Güler et al., 2012) assessed 9-11 year-

old post-institutionalised, post-foster-care and non-adopted children (N = 87). 

Participants performed episodic memory tasks while ERPs were collected. In terms of 

behavioural analyses, the post-institutionalised group demonstrated less accuracy than 

the non-adopted (with the post-foster-care showing intermediate scores or equivalent to 

the non-adopted group). Covarying IQ made results become trend-level. Moving to ERP 

findings, all children showed evidence of a parietal episodic memory effect, manifested 

by a larger P300 amplitude for correctly recognised (old) items compared to correctly 

rejected (new) items. However, the non-adopted children showed significantly higher 

new–old P300 amplitude difference score than the post-institutionalised, with post-

foster-care children’s difference score falling in between the other two groups. IQ was 

not correlated with the old–new difference, and no group effects emerged for other 

components. 

In sum, institutionalised children showed deficits in several cognitive areas: 1) in 

attention, as assessed by smaller P300 amplitudes and P300 differences according to 

conditions; 2) in response-monitoring, as assessed by smaller reactivity to error seen in 

the error-related negativity (ERN) and positivity (Pe) amplitudes; and 3) in processing 

speed, as assessed by later N2 and P2 latencies. These electrophysiological pointers, in 

addition to children’s behavioural performance on the tasks, seem to all relate to 

attention and response monitoring difficulties (which appear to be at least partly 

independent of IQ). Yet, it is not very clear if these findings indicate that the nature of 

institutionalised children’s attention difficulties is specific to response 

inhibition/selective attention, or if instead they show a generally poorer ability to sustain 

or orient attention. However (and encouragingly), the effects of institutionalisation on 

some measures of cognitive functioning could be somewhat reversed by foster care 

intervention.  
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Behavioural correlates (outside task) of ERPs 

ERPs – Links with psychopathology 

Similarly to what was said above regarding EEG power, ERP studies proceeded 

to investigate whether patterns of neural response during testing correlated with 

developmental outcomes in terms of psychopathology and several domains of 

functioning.  

Building on the above-mentioned findings among children from the BEIP, 

Slopen and colleagues (Slopen, McLaughlin, Fox, Zeanah, & Nelson, 2012) evaluated 

the associations of P1 and P7004 at baseline (before the sample was randomized to 

remain or leave institutional care) with psychiatric outcome symptoms at 54 months, in 

the two tasks of face processing that the children had performed (familiarity and 

emotion recognition). Firstly, the institutionalised children had reduced P700 and P1 

peak amplitudes in response to facial stimuli, compared to the never-institutionalised. 

Secondly, a smaller P700 was associated with elevated symptoms of ADHD, and a 

smaller P1 was associated with both ADHD and anxiety (but no associations emerged 

regarding depression or oppositional defiant/conduct disorder). In addition, a smaller 

P700 amplitude mediated the association between institutional rearing and ADHD 

symptoms. This work adds to McLaughlin and colleagues’ (2010) to suggest that 

abnormal patterns of neurodevelopment might link adverse early experiences with the 

onset of psychopathology in children and adolescents. 

The article by McDermott and colleagues (2013), previously mentioned, 

analysed whether executive functions of inhibitory control and response monitoring 

predicted eight year-olds’ psychopathological symptoms and academic performance, 

among other outcomes. While there were no significant effects on inhibitory control, 

response-monitoring predicted two of the outcomes under analysis, namely academic 

competence and a combined score of externalising behaviour and ADHD. Specifically, 

smaller amplitudes of ERN and Pe were observed in the institutionalised children (in 

“care as usual”) who had levels of externalizing-ADHD and academic incompetence 

that were significantly higher than the never-institutionalised. Amplitudes of these 

components also distinguished the children in foster-care who had externalizing-ADHD 

behaviours and academic incompetence comparable to the institutionalised group, from 

those who were comparable to the never-institutionalised group.  
                                                
4 These components were chosen based on previous reports of the BEIP that children in the 
institutionalised group had smaller amplitudes compared to the never-institutionalised group in both 
tasks. 
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In sum, ERP findings—mostly reduced occipital activity and reduced response-

monitoring—are starting to pinpoint the neural markers of psychopathology in 

institutionalised children, specifically in regards to anxiety but mostly to ADHD. This 

adds to the literature reported earlier on the neural substrates of attention difficulties of 

institutionalised children, which seem to be in the centre of their cognitive deficits. 

These findings also add to the EEG evidence detailed earlier indicating that a pattern of 

decreased alpha and increased theta power constitutes an important neural substrate of 

institutionalised children’s hyperactivity/impulsivity. Finally, neural markers of 

response monitoring appear to function in an adaptive fashion, particularly for children 

in foster-care. 

 

ERPs – Links with social and socioemotional development 

Two recent studies investigated ERP correlates of institutionalised children’s 

social development. One focused on moral development, which implicates important 

sociocognitive abilities such as theory of mind or empathy. The other focused on a 

domain that has a strong link with early institutionalisation, namely disinhibited/ 

inhibited social behaviours, which relate to interactions with caregivers and other adults.  

The first comes from a Chilean sample (Escobar et al., 2014), where a group of 

early deprived 11-15 year-old adoptees (from institutional or foster care) was compared 

to a family-reared group, matched for age, gender, and cognitive and educational levels 

(N = 40). ERPs were collected while children performed a task where they were 

presented with scenarios and had to make rapid moral decisions regarding actions 

involving harm to others. Scenarios varied in regards to target stimuli (object vs. 

person) and intention of harm (intentional vs. unintentional). ERPs were measured in an 

early window, within stimulus presentation (~200ms), and a late window after stimulus 

presentation (~600ms). In terms of behavioural performance on the moral-decision task, 

there were no group differences. In regards to ERP findings, both in the early and the 

late time-windows, family-reared controls exhibited target and intention-of-harm 

effects, in frontal leads, that were absent in the adoptees. Specifically, only the controls 

had increased amplitudes for person than object stimuli, and increased amplitudes for 

person-intentional compared with person-unintentional scenarios. This absence of 

effects in the adoptees was accompanied by reduced activation in the prefrontal and 

ventromedial prefrontal cortex. Reduced activation in the ventromedial prefrontal cortex 

in the adoptees was in turn associated with increased externalising behaviour problems. 

These results indicate that adolescents with a background of early social deprivation 
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exhibit atypical brain activity when processing moral information in the prefrontal 

cortex, suggestive of immature emotional regulation and delayed frontal maturation 

(Escobar et al., 2014; McLaughlin et al., 2010). Given that moral development is 

essential for the individual’s social adaptation, these findings might help to explain why 

childhood deprivation has been associated with maladaptive behaviours and social 

problems, including maladjustment, impulse control, and rule breaking (Escobar et al., 

2014). 

The second and last study assessed Portuguese currently institutionalised 

children (N = 47), aged 36-75 months (Mesquita et al., 2015). ERPs were recorded 

while children visualised the face of their caregiver and a female stranger. Institutional 

caregivers provided reports on children’s disinhibited/ inhibited atypical social 

behaviours. Firstly, children displaying atypical social behaviours (regardless of type) 

showed reduced P1 amplitudes than those who did not display such behaviours. 

Secondly, children exhibiting inhibited social behaviour showed a larger N170 

amplitude in response to their caregiver’s face than the stranger’s face (which is the 

opposite effect previously found in this age range). In contrast, children exhibiting 

disinhibited social behaviour did not differentiate the caregiver’s from the stranger’s 

face in any ERP component—consistent with their indiscriminate phenotype. The 

authors proposed that the absence, in previous studies, of atypical patterns of 

differentiation between caregiver and stranger faces by institutionalised children, might 

be explained by a failure to take into account variation in their socioemotional 

functioning. The reduced P1 amplitude among those who exhibited compromised 

functioning replicates the hypoactivation found in other samples.  

 

Discussion 

This review intended to systematise the electrophysiological findings related to 

the neural functioning of children reared in institutional care. This exhaustive 

documentation allows us to draw preliminary conclusions from the emergent, yet fast-

growing literature of the brain electrical activity of institutionalised children.  

The main finding of this review was that children exposed to institutional care, 

when compared to age-mates raised continuously in their birth families, show signs of a 

pervasive cortical hypoactivation. This was demonstrated not only by the increased low-

frequency and decreased mid/high-frequency power of their EEGs, but also by their 

blunted ERP components, particularly when processing faces. Institutionalised children 

also demonstrated an atypical trajectory in hemispheric asymmetry, when compared to 
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children from the community. However, no group differences emerged in the ability to 

demonstrate differential processing of familiar from unfamiliar faces (except when 

socioemotional functioning was taken into account), nor the various emotional 

expressions (albeit differences in some patterns of emotion processing). In the cognitive 

domain, institutionalised children showed deficits in attention and response-monitoring. 

Altered brain activity patterns contributed to explaining the adverse impact of the 

exposure to institutional care on children’s cognitive functioning, social skills and 

psychopathology levels. Intervention in the form of placement in high-quality foster-

care shows promising ameliorating effects, however the timing and duration effects of 

the intervention (and the preceding deprivation) warrant further clarification.  

We will now briefly discuss these findings in light of the remaining literature. 

Specifically, electrophysiological data in institutionalised children reviewed here will be 

integrated with results obtained with different tools in these samples, and with 

electrophysiological data from related samples.  

 

 The most salient EEG/ERP finding of hypoactivation among institutionalised 

children is consistent with MRI studies conducted so far with these samples. Indeed, 

institutionally reared children have been found to have smaller volumes of both white 

and grey matter than comparison controls (Mehta et al., 2009; Sheridan, Fox, Zeanah, 

McLaughlin, & Nelson, 2012; but see Tottenham et al., 2010). In addition, the 

previously reported association between institutional care and reduced EEG alpha-

power in the BEIP sample could be partly explained by the mediating role of cortical 

white matter volume in the institutionalised children in “care as usual” (Sheridan et al., 

2012). What is encouraging is that the children randomised to foster-care had greater 

white matter volumes relative to those who remained in the institution, suggesting 

potential for developmental “catch-up” in white matter growth. Therefore it can be 

hypothesised that institutional rearing has an impact in shaping brain anatomy in ways 

that alter neural activity. Such an impact is likely to occur due to lacking expected input 

in the young nervous system, leading to an underspecification and a miswiring of 

circuits, as well as hypothetical excessive retraction of neurons and synapses in the face 

of the unresponsive and non-stimulating environment (Nelson, 2007; Pechtel & 

Pizzagalli, 2011).  

Nevertheless, alterations in frequency-distribution of EEG power induced by 

early environmental deprivation are not exclusive of institutionalised children, even if 

they carry a different meaning in terms of adaptation and plasticity in other samples 
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(Ellis et al., 2011). Reduced high-frequency activity (in the gamma and alpha bands) 

and increased low-frequency activity (delta and theta bands) have indeed been reported 

among infants and children reared in disadvantaged socioeconomic and cultural 

contexts (Otero et al., 2003; Tomalski et al., 2013).  

The finding of increased EEG coherence in institutionally reared children 

reported in this review, assumed to indicate low organizational brain complexity 

(Thatcher et al., 2005), is also in agreement with results obtained with other samples. 

For example, atypically excessive left hemisphere EEG coherence (in the alpha-band) 

was found in maltreated adolescents, and it mediated the effects of maltreatment on the 

level of psychiatric impairment (Miskovic, Schmidt, Georgiades, Boyle, & Macmillan, 

2010).  

It is also evident that institutionalised children (from the BEIP) developed an 

atypical pattern of hemispheric asymmetry, with a prolonged period of increased right 

hemisphere activation (until 42 months of age) and a blunted rebound in left frontal 

activation, meaning that by eight years of age they had greater activity observed in the 

right than the left hemisphere, when compared to never-institutionalised children (and 

those who were placed in foster-care at earlier ages). In line with this, greater right than 

left hemisphere EEG activity was found to characterise non-resilient maltreated children 

(Curtis & Cicchetti, 2007). This common asymmetry pattern can be seen in light of the 

literature associating right-hemisphere dominance with withdrawal behaviour and 

negative emotionality (Davidson, 1993; Fox et al., 2001; Fox et al., 1995), and provide 

promising explanations for the increased rates of emotional and behavioural problems 

following early adversity. Indeed, among the institutionalised children from the BEIP, 

the right-hemisphere dominance by 42 months of age predicted increased internalising 

symptoms at 54 months. Interestingly—and in support of a mechanism linking right-

hemisphere dominance and early care—, ordinary variations in the quality of maternal 

care in a sample from the community, predicted children’s EEG asymmetry patterns a 

few years later. Specifically, those who received low-quality maternal care showed 

increased right frontal asymmetry, as well as increased problem-behaviour (Hane, 

Henderson, Reeb-Sutherland, & Fox, 2010). 

Moving from general patterns of EEG activity to neural correlates of stimuli 

presented in ERPs, institutionalised children did not show aberrant alterations with 

regard to discrimination of facial identity and basic perception of emotional 

expressions. This is consistent with behavioural studies of institutionalised children 

from the BEIP, who did not differ from controls in the ability to discriminate pairs of 
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photographs of facial expressions, nor in demonstrating a preference (i.e. looking 

longer) for novel faces during infancy and for familiar faces during preschool years 

(Jeon, Moulson, Fox, Zeanah, & Nelson, 2010; Nelson, Parker, Guthrie, & The BEIP 

Core Group, 2006). In contrast, a recent fMRI study (Olsavsky et al., 2013) reported 

that institutionalised children and youth showed little amygdala discrimination between 

mother and stranger stimuli, contrary to the clear discrimination seen in controls. It is, 

however, possible that this lack of differential amygdala activation in response to 

identity in the institutionalised children is compensated by activity in other brain 

regions, resulting in similar EEG results to non-institutionalised children. An alternative 

explanation for the absence of atypical patterns of differentiation between caregiver and 

stranger faces by institutionalised children, in comparison to family-reared controls, is 

that variation in children’s socioemotional functioning (e.g. disinhibited social 

behaviour), was not taken into account in those reports (Mesquita et al., 2015).  

In spite of the ability to perceptually discriminate emotional expressions, 

institutionalised children were found to display atypical processing of sad and fearful 

expressions during infancy and anger during later childhood (sometimes showing an 

opposite activity pattern to that of controls’). Atypical electrophysiological responses of 

institutionalised children’s while processing emotional stimuli is expected considering 

the exposure to aberrant emotional experiences (or rather absence of normative 

emotional experiences) associated with institutional rearing. A link between abnormal 

emotional experiences and processing of emotional stimuli was first suggested by the 

extensive ERP work with home-reared maltreated children, who consistently show an 

increased sensitivity (for example in the form of larger P3b amplitudes) to anger cues 

(Cicchetti & Curtis, 2005; Curtis & Cicchetti, 2011, 2013; Pollak, Klorman, Thatcher, 

& Cicchetti, 2001).  

Research using other imaging tools offers insight into the reproducibility of the 

ERP results regarding emotion processing and possible mechanisms for explaining 

institutionalised children’s socioemotional deficits. Putative neural mechanisms 

involved are the degree of white matter integrity and alterations in functional 

connections in circuits involving limbic and paralimbic areas, which are known to be 

activated by stress and damaged as a result of prolonged stress (Chugani et al., 2001). 

The amygdala, in particular, is known for its role in functions such as supporting 

emotional learning and reactivity to emotional stimuli.  

Indeed, institutionalised children have been found to have decreased glucose 

metabolism in several limbic areas (Chugani et al., 2001), increased adjusted amygdala 
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volumes (Mehta et al., 2009; Tottenham et al., 2010), and atypical patterns of amygdala 

and hippocampus activation while processing emotions (Maheu et al., 2010; Tottenham 

et al., 2011). In addition to these structural and functional differences in relevant areas, 

alterations of the white matter tracts connecting limbic regions (Behen et al., 2009; 

Eluvathingal et al., 2006; Govindan, Behen, Helder, Makki, & Chugani, 2010), and 

those connecting amygdala with the medial prefrontal cortex (Gee et al., 2013) have 

also been reported in institutionalised children. In conclusion, despite the inconsistency 

of ERP findings, this body of evidence from imaging studies further supports a 

connection between early adversity and alterations in brain development in aspects 

implicated in emotion processing. 

Moving on to brain-behaviour associations, EEG and ERP variables were related 

to institutionalised children’s psychopathological and socioemotional outcomes, in the 

current review. These links were more consistent regarding two areas that have shown 

particularly strong associations with institutionalisation in behavioural studies—

inattention/ overactivity and disinhibited or indiscriminate social behaviour.  

Firstly, a concentration of EEG power in low-frequency bands, in addition to 

decreased amplitudes in occipital components and decreased response-monitoring, were 

associated with more hyperactivity and impulsivity or ADHD among institutionalised 

children. Similarly, elevated relative theta power accompanied by reduced relative alpha 

and beta power have been very consistently found in the EEGs of children with 

attention problems and specifically ADHD (for a review see Barry et al., 2003). 

Therefore, it presents a plausible explanation for the attention difficulties of 

institutionalised children. Consistent with that hypothesis, white matter abnormalities in 

post-institutionalised adoptees were associated with inattention and hyperactivity 

symptoms (Govindan et al., 2010). 

Secondly, reduced high-frequency EEG power and atypical ERP processing 

patterns were associated, in this review, with institutionalised children’s problems in 

social development. In the particular case of disinhibited or indiscriminate social 

behaviour, associations were found with increased low-frequency/ decreased high-

frequency EEG power, as well as with lack of distinction in ERP responses between the 

face of the caregiver and an unfamiliar person. Consistent with these links, evidence 

summarised earlier indicates that institutionalised children show atypical activation 

patters and connectivity in areas (mainly limbic and paralimbic) implicated in 

socioemotional processing. Moreover, there is direct evidence in the case of disinhibited 

social behaviour. The reduced amygdala differentiation of facial familiarity among the 
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institutionalised children reported by Olsavsky and colleagues (2013) was correlated 

with greater reports of indiscriminate friendliness, which is consistent with the ERP 

results reported above (Mesquita et al., 2015). 

We now turn to findings related to the neural underpinnings of institutionalised 

children’s cognitive functions. ERP evidence detailed in this review indicates deficits in 

attention, response-monitoring, and processing speed, among institutionalised children. 

The patterns of behavioural performance shown by institutionalised children (e.g. error 

of omission on go trials but good inhibition on no-go trials), accompanied by neural 

markers of lack of attention and response monitoring, suggest that their cognitive 

deficits result from a general difficulty to sustain or orient attention rather than 

problems in selective attention or inhibitory control. In contrast, fMRI evidence shows 

impairments in inhibitory control and cognitive control in youth with histories of foster-

care or institutionalisation (Bruce et al., 2013; Mueller et al., 2010). Therefore, the 

nature of institutionalised children’s cognitive and, more specifically, attention deficits, 

warrant further clarification. Nevertheless, there is already evidence with 

institutionalised children of associations between their cognitive deficits (particularly 

spatial planning and visual learning and memory) and abnormalities in white matter 

tracts in the pre-frontal cortex and those connecting the temporal lobe with the pre-

frontal cortex (Hanson et al., 2013).  

To finalise this discussion, intervention in the form of placement in foster-care 

was able to partly remediate the adverse effects of institutionalisation, with foster-cared 

children frequently displaying behavioural and electrophysiological results that were in 

between institutionalised and home-reared children. Furthermore, even though effects of 

duration of deprivation or timing of intervention could not always be determined, this 

was often due to methodological limitations (e.g. impossibility to continue to follow-up 

the sample or assessment of children after a putative sensitive period). Yet, when taken 

together, the literature shows that a longer exposure to early adversity as assessed by a 

longer duration of institutionalisation, later placement in foster-care or later adoption, is 

associated with worse outcomes both in EEG/ERP (Loman et al., 2013; Marshall et al., 

2008; McLaughlin et al., 2011; Nelson et al., 2013; Vanderwert et al., 2010) and in 

MRI/fMRI studies (Govindan et al., 2010; Mehta et al., 2009; Olsavsky et al., 2013). 

Accordingly, and in spite of the likely contribution of genetic and prenatal-care 

variables, there is good evidence to consider that the exposure to institutionalisation 

itself affects children’s brain development. 
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Limitations and future directions 

There are some limitations that need to be considered in this systematic literature 

search. The first one is that it was based on a relatively small number of studies, but 

most importantly the majority of these studies was conducted with the same sample. 

Another limitation is related to the use of EEG/ERP recordings methods in infants and 

young children, as it often results in exclusion of many subjects due to a number of 

challenges associated with this young age group. This not only has implications in terms 

of reduced statistical power, but also raises the question of how representative the final 

sample is. Nevertheless, the results of this review were globally consistent between 

tasks and samples, as well as congruent with studies that employed other 

methodologies.  

These results can be summarised in the hypoactivation that was found to 

characterise the neural activity of children with histories of institutionalisation, which 

seems to contribute to their elevated rates of attention and emotional/behavioural 

problems commonly reported in behavioural studies. More research is needed to 

elucidate whether 1) institutionalised children’s atypical brain patterns obey to 

processes of sensitive periods, according to which the plasticity of brain development 

declines after the first few years of life, in which case their atypical processing will 

persist, or 2) if these electrophysiological abnormalities rather result from a 

maturational lag and therefore will fade over time and especially after placement in 

higher quality environments.  

Taking into consideration the limitations in existing EEG/ERP studies with 

institutionalised children pointed out above, the next two chapters of this thesis, 

presenting two empirical ERP studies, aim to address some of such gaps. These are the 

substantial reliance, in the literature, in almost exclusively East European samples—

particularly from Romania, a place where institutional care is known to have been 

especially impoverished—and, more specifically, the fact that the investigation of 

neural correlates of face familiarity—an important marker of socio-emotional neural 

development—has exclusively been conducted, in institutionalised children, in one 

single sample from Romania. These gaps will be addressed in Chapters 5 and 6 of this 

thesis, by assessing a sample of currently institutionalised Portuguese children who 

visualised the face of their caregiver and the face of a female stranger while ERPs were 

recorded. 



 115 

Table 1. Summary of studies. 
 

Reference Sample Task Electrophysiological variables 
(other relevant variables) 

Marshall et al., 
2004, 2007 

BEIP baseline assessment, 6-30 
months old. 

130 IG and 56 NIG.1 

Looking at researchers’ 
manipulation of objects to 
maintain attention.  

EEG absolute and relative spectral power; 
hemispheric asymmetry. 

Tarullo, Garvin, 
& Gunnar, 2011 

37 PI, 39 PF and 47 NA, 18 months old 
(+ a few adopted children who did not 
meet criteria for either PI or PF 
groups). 

Looking at researchers’ 
manipulation of objects to 
maintain attention. 

EEG absolute and relative spectral power. 

(Indiscriminate friendliness; inhibitory control; 
growth at adoption; cognitive ability). 

Marshall, Reeb, 
et al., 2008 

 

BEIP 30 and 42 months assessments. 

49 CAUG and 56 FCG at 30-mo.; 41 
CAUG and 49 FCG at 42-mo.1 

Looking at researchers’ 
manipulation of objects to 
maintain attention. 

EEG absolute and relative spectral power; EEG 
coherence. 

(Age at foster-care placement; cognitive ability). 

Vanderwert et 
al., 2010 

BEIP 8 years assessment. 

48 CAUG, 53 FCG and 42 NIG.1 

Open and close eyes. EEG absolute and relative spectral power. 

(Age at placement in foster-care). 

McLaughlin et 
al., 2011 

BEIP baseline (who were ≥9 months 
old), 30, 42, and 96 months 
assessments. 

166 children at baseline, 105 at 30-mo., 
90 at 42-mo., and 143 at 96-mo.1 

Looking at researchers’ 
manipulation of objects to 
maintain attention (baseline, 30- 
and 42-mo.)/ Resting (96-mo.) 

EEG hemispheric asymmetry. 

(Psychopathological symptoms; age at placement 
in foster-care). 
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Table 1 (cont.) 
 

Reference Sample Task Electrophysiological variables 
(other relevant variables) 

McLaughlin et 
al., 2010 

BEIP baseline (who were at least 9 
months old) and 54 months 
assessments. 

117 IG and 49 NIG. 1 

Looking at researchers’ 
manipulation of objects to 
maintain attention. 

EEG absolute and relative spectral power. 

(Psychopathological symptoms). 

Almas et al., 
2012 

BEIP 42 and 96 months assessments. 

44 CAUG, 52 FCG, and 42 NIG.1 

Open and close eyes. EEG alpha power. 

(Attachment security, social skills). 

Parker et al., 
2005a, 2007 

BEIP baseline assessment. 

125 IG and 56 NIG.1 

Visualisation of caregiver/mother 
and stranger’s faces. 

ERP: N170, P250, Nc and PSW. 

(Discrimination of familiarity). 

Moulson, 
Westerlund et 
al., 2009b 

BEIP baseline, 30 and 42 months 
assessments. 

81 IG and 40 NIG at baseline; 37 
CAUG, 42 FCG and 20 NIG at 30-mo.; 
23 CAUG, 33 FCG and 21 NIG at 42-
mo.1 

Visualisation of caregiver/mother 
and stranger’s faces. 

ERP: P1, N170, P400, P250 and Nc. 

(Discrimination of familiarity). 

Parker et al., 
2005b 

BEIP baseline assessment. 

126 IG and 53 NIG.1 

Visualisation of pictures of an 
adult female posing happy, sad, 
angry, and fearful facial 
expressions. 

ERP: N70, P250, Nc, PSW. 

(Emotion perception). 
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Table 1 (cont.) 
 

Reference Sample Task Electrophysiological variables 
(other relevant variables) 

Moulson, Fox, et 
al., 2009a 

BEIP baseline, 30 and 42 months 
assessments. 

62 IG and 23 NIG at baseline; 26 
CAUG, 33 FCG and 22 NIG at 30-mo.; 
29 CAUG, 33 FCG and 13 NIG at 42-
mo.1 

Visualisation of pictures of an 
adult female posing happy, sad, 
angry, and fearful facial 
expressions. 

ERP: P1, N170, P400, P250, Nc 

(Emotion perception). 

Nelson et al., 
2013 

BEIP 8 years old assessment. 

48 CAUG, 53 FCG and 41 NIG.1 

Visualisation of angry, neutral 
and fearful faces + Go/no-go task 
with instructions to press a 
button for the angry face and to 
inhibit the button press for the 
other two. 

ERP: P1, N170, P300, N2. 

(Emotion recognition; age at placement in foster-
care). 

McDermott et 
al., 2012 

BEIP 8 years old assessment.  

Available for ERP analysis: 29 CAUG, 
37 FCG, and 29 NIG. 

Go/no-go task with instruction to 
press a button for all but one 
letter. 

ERP: P300, ERN, N2. 

(Inhibitory control; age at placement in foster-care; 
IQ). 

McDermott et 
al., 2013 

BEIP 8 years old assessment.  

26 CAUG, 36 FCG and 37 NIG.2 

Flanker task with instruction to 
respond differently to congruent 
versus incongruent trials, i.e. an 
arrow in the middle of other 
arrows in the same or different 
direction. 

ERP: ERN, Pe. 

(Inhibitory control; response monitoring; 
psychopathological symptoms; academic 
competence; social skills; IQ). 
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Table 1 (cont.) 
 

Reference Sample Task Electrophysiological variables 
(other relevant variables) 

Loman et al., 
2013 

24 PI, 31 PF and 27 NA, 10-11 years 
old. 

Go/no-go and Flanker tasks. ERP: P300, P2, N2, ERN, Pe. 

(Inhibitory control; selective attention; conflict 
monitoring; IQ). 

Güler et al., 
2012 

30 PI, 28 PF and 29 NA, 9-11 years 
old. 

Paired Associates Learning and 
Continuous Recognition Memory 
tasks. 

ERP: N1, P2, N2, P300. 

(Episodic memory; IQ). 

Slopen et al., 
2012 

BEIP baseline and 54 months 
assessments.  

78 IG and 36 NIG for recognition task; 
54 IG and 20 NIG for emotion task.2 

Visualisation of caregiver/mother 
and stranger’s faces + 
Visualisation of angry, neutral 
and fearful faces. 

ERP: P1, N170, P400, P700, Nc. 

(Psychopathological symptoms). 

Escobar et al., 
2014 

20 adoptees (from institutional or 
foster care) + 20 non-adopted controls, 
11-15 years old. 

Intentional inference task. ERP: early and late frontal markers; source-
localisation. 

(Moral decision-making; psychopathological 
symptoms; cognitive ability). 

Mesquita et al., 
2015 

47 currently institutionalised children, 
36-75 months old. 

Visualisation of caregiver’ and 
stranger’s faces. 

ERP: P1, N170, P400 

(Disinhibited and inhibited social atypical 
behaviour; cognitive ability). 
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Table 1 (cont.) 
 
Note. BEIP = Bucharest Early Intervention Project, IG = Institutionalised Group, NIG = Never-Institutionalised Group, FCG = Foster-Care Group, 
CAUG = Institutionalised in Care as Usual, PI = Post-Institutionalised, PF = Post-Foster-Care, NA = Non-Adopted. 1 Numbers of participants that 
underwent EEG recording; 2 Participants that were excluded were not considered for these calculations, thus these are final numbers available for 
analyses. Please note that usually only subsamples of the total samples are available for EEG/ERP analyses, due to methodological difficulties inherent 
to the use of this tool (particularly with young subjects), with typical losses reported in the above studies ranging from 20% to 40% of the total sample.  
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Table 2. ERP components. 
 

Socioemotional processes Cognitive/executive processes 

Component  Definition     Component Definition 

P1 (occipital) An obligatory sensory response that is elicited by 

visual stimuli no matter what task the subject is 

doing (Luck, 2005) 

P2 A sensory-driven response to visual stimuli that is 

sensitive to task relevancy and target frequency (Luck & 

Hillyard, 1994) 

N170 

(occipital) 

A marker of face-sensitive perceptual processes 

(Kuefner, de Heering, Jacques, Palmero-Soler, & 

Rossion, 2010) 

N2 Associated with cognitive control, including inhibitory 

control and novelty detection (Luck & Hillyard, 1994; 

Nieuwenhuis, Yeung, van den Wildenberg, & 

Ridderinkhof, 2003). 

P400 

(occipital) 

Face-sensitive and hypothesised to partly constitute 

a developmental precursor to the N170 (Halit, de 

Haan, & Johnson, 2003) 

P300 (parietal) Involved in cognitive processes, including inhibitory 

control, and dependent on the task performed rather than 

stimulus physical properties (Luck, 2005; Luck & 

Hillyard, 1994; Tekok-Kilic, Shucard, & Shucard, 2001)  

Nc 

(frontocentral, 

mid-latency, 

negative) 

Associated with increased attention to salient 

stimuli and recognition memory (Courchesne, 

Ganz, & Norcia, 1981; Nelson, 2001) 

ERN (error-

related 

negativity) 

Reflects initial response monitoring immediately 

following an incorrect response (Van Veen & Carter, 

2002) 
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Table 2 (cont.) 

Socioemotional processes Cognitive/executive processes 

Component Definition Component Definition 

P250 

(frontocentral, 

early-positive) 

Reflects allocation of attention and is involved in 

configural face information processing (Marzi & 

Viggiano, 2007) 

Pe (error-

related 

positivity) 

Represents further error processing and awareness 

(Overbeek, Nieuwenhuis, & Ridderinkhof, 2005).  

 

PSW (positive 

slow wave) 

Reflects updating of memory for a partially encoded 

stimulus (de Haan & Nelson, 1997). 
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Chapter 5 

 

Neural Correlates of Face Familiarity in Portuguese Institutionalised Children: 

Comparison to a Family-Reared Group 

 

Introduction 

 Early institutionalisation, which generally implies exposure to sensory, 

cognitive, linguistic, and, especially, psychosocial deprivation, is associated with 

developmental delays and deficits that may no doubt result, at least in part, from altered 

brain development (Nelson, 2007; Nelson, Bos, Gunnar, & Sonuga-Barke, 2011). 

Indeed, consistent evidence indicates increased rates of cognitive, emotional and 

behavioural problems among institutionalised children (cf. Maclean, 2003; van 

IJzendoorn et al., 2011). However, the putative influence of this adverse rearing 

experience on brain development and how that link may contribute to explain 

institutionalised children’s behavioural development has only just begun to be explored. 

Our purpose here is to extend such work. 

 The last decade witnessed a proliferation of neuroimaging studies of post- or 

currently institutionalised children, especially ones reporting rather consistent 

electroencephalographic (EEG) findings (e.g., Marshall, Fox, & the BEIP Core Group, 

2004; Moulson, Westerlund, Fox, Zeanah, & Nelson, 2009b; Parker, Nelson, & The 

BEIP Core Group, 2005b; Vanderwert, Marshall, Nelson, Zeanah, & Fox, 2010). 

Limiting this work, however, is its focus on a small number of study sites and 

predominantly the same sample, with most of institutionalised children coming from 

Romania, a place where institutional care is known to have been especially 

impoverished—in multiple ways. Even in other EEG studies that included international 

adoptees, most institutionalised children were originally from Eastern Europe and Asia 

(Loman et al., 2013; Tarullo, Garvin, & Gunnar, 2011). This raises the question of 

whether evidence from these samples would generalise to children residing in Western 

European institutions, where motives for and age at admission, as well as the quality of 

institutional care, are likely to be different from those of East Europe. In addition, 

investigation of the neural correlates of visualising the caregiver’s versus a stranger’s 

face, in institutionalised children, has exclusively been conducted in one single sample 

of Romanian children. 

 A second limitation of EEG studies so far is that the presence of atypical social 

behaviour, a frequent and persistent effect of institutional rearing (e.g., Chisholm, 1998; 
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Gleason et al., 2011; Kreppner et al., 2010; O'Connor, Rutter, & The ERA Study Team, 

2000), has never been taken into account when trying to explain group differences in 

neural activity associated with facial processing (i.e., between institutionally and 

family-reared children).  

 Accordingly, the current work presents the first part of an effort to investigate a) 

whether Portuguese institutionalised children’s patterns of neural activity differ from 

those of family-reared children (the objective of the current Chapter), and b) whether 

individual differences in displays of atypical social behaviour modulates those group 

differences (an objective that will be addressed in the next Chapter).  

 As mentioned above, institutional rearing has been consistently and for a long 

time associated with physical and mental developmental delays and increased rates of 

behavioural and emotional problems, such as lack of selective attachments, 

indiscriminate social behaviour or inattention/ overactivity (cf. McCall et al., 2011). 

Yet, despite this link between institutional rearing and unfavourable behavioural 

outcomes, the latter have been described in children coming from institutional settings 

ranging from globally deprived to merely psychosocially deprived settings where basic 

needs of nutrition and health and even general cognitive stimulation were assured 

(Chisholm, 1998; Kreppner et al., 2007; Merz & McCall, 2010; Tizard & Rees, 1975; 

Vorria, Rutter, Pickles, Wolkind, & Hobsbaum, 1998).  

 Even though institutions vary greatly in regards to the quality of care provided 

(Gunnar, 2001), this psychosocial deprivation is usually common to all institutional 

settings. This claim is based on the fact that residential institutions usually have in 

common a set of characteristics—such as high number of rotating staff caring for large 

groups of children, high ratios of children to caregivers, little training of staff and little 

time for individualised social interactions—that limit children’s opportunities to 

develop socially and emotionally and to establish selective relationships with caregivers 

(van IJzendoorn et al., 2011).  

 Accordingly, it is the microcaregiving—or, in other words, the relational aspects 

of caregiving—that appears to be particularly important for explaining variation in the 

behavioural development of institutionalised children, as opposed to general deprivation 

(McGoron et al., 2012; Smyke, Dumitrescu, & Zeanah, 2002; Smyke et al., 2007; van 

den Dries, Juffer, van Ijzendoorn, Bakermans-Kranenburg, & Alinka, 2012; Zeanah, 

Smyke, Koga, Carlson, & The BEIP Core Group, 2005). Not surprisingly then, the 

socio-emotional domain of behaviour appears to be one of the most severely affected by 

early institutionalisation (Bakermans-Kranenburg et al., 2011).  
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 If the same applies to neurodevelopment, we can expect that children placed in 

generally good-quality institutions (without exposure to global deprivation but exposed 

to the above-mentioned features of psychosocial neglect) will nevertheless show altered 

neural activation patterns, particularly in networks implicated in socio-emotional 

processing. The fact that severely reduced head circumference (a proxy of brain growth) 

resulted, in the ERA sample, from prolonged institutionalisation regardless of whether 

children had experienced sub-nutrition, suggests that it is not global deprivation but 

other aspects of institutional rearing that have a major long-term effect on brain 

development (Sonuga-Barke et al., 2008).   

 The idea that exposure to such an extreme variant of early care will have a 

profound impact on brain development is based on the assumption that brain 

development is, in many respects, dependent, or modulated by, experience, particularly 

during the early years (Fox, Levitt, & Nelson, 2010; Pechtel & Pizzagalli, 2011; 

Tomalski & Johnson, 2010). The absence of a consistent caregiver and lack of 

appropriate and individualised cognitive and emotional stimulation experienced by 

institutionalised children would seem to fall very short of an “expectable” rearing 

environment. Thus, when developing in such an environment, the young child’s nervous 

system lacks the expected typical input, leading to an under-specification and perhaps 

“miswiring” of neuronal circuits, as well as possible problems with pruning of neurons 

and synapses that is dependent on experience (Nelson, 2007; Pechtel & Pizzagalli, 

2011).  

 Even before neuroimaging technology provided somewhat direct access to brain 

structure and function, there were already indications regarding the ways in which 

adverse rearing environments such as institutions affect neurodevelopment. That 

evidence came both from animal studies of early stress and maternal deprivation 

(Francis & Meaney, 1999; Ladd et al., 2000), and from human studies showing 

neurochemical dysregulation (Carlson & Earls, 1997; Fries, Ziegler, Kurian, Jacoris, & 

Pollak, 2005) and stunted physical growth and cognitive delays (Rutter & the ERA 

study team, 1998) in institutionalised children. More recently, with brain imaging 

methods being applied to institutionalised samples, evidence is accumulating regarding 

the neural mechanisms affected by early institutionalisation.   

 We will focus on findings from Event-Related Potentials (ERPs)—given that it 

is the methodology employed in the current work—and their application to the study of 

institutional-rearing effects on socio-emotional development. ERPs were first used with 

institutionalised samples to investigate the neural processing of faces. There were two 
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main reasons for this. The first is related to the ecology of institutions, where children 

are routinely exposed to multiple and changing caregivers (Gunnar, 2001; van 

IJzendoorn et al., 2011), making it difficult for them to form focused attachments 

(Tizard & Rees, 1975; Zeanah et al., 2005), but also to frequently displaying 

indiscriminate social behaviour, treating familiar caregivers and strangers alike 

(Chisholm, 1998; O'Connor et al., 2000; Smyke et al., 2002; Tizard & Rees, 1975). 

Thus, these children’s experiences with faces (especially concerning familiar versus 

unfamiliar ones) are likely very different from that of children continuously reared in 

their families. The second reason for studying the neurological bases of facial 

processing in this population is that faces are highly salient stimuli, are fundamental to 

the process of social-cognitive development, and the involved neural circuitry is known 

to be affected by developmental experience (Johnson & de Haan, 2011; Nelson, 2001; 

Parker, Nelson, & The BEIP Core Group, 2005a).  

 Commonly assessed components implicated in face processing are the P1, N170, 

P400, P250 and Nc. The P1 is an early-positive posterior component that represents an 

early sensory response to visual stimuli (Luck, 2005), believed to reflect low-level 

stimulus feature processing (Marzi & Viggiano, 2007). The N170 is a negative occipito-

temporal peak that follows the P1 and is a marker of face-sensitive perceptual processes, 

corresponding to the structural encoding stage (Eimer, 2011; Kuefner, de Heering, 

Jacques, Palmero-Soler, & Rossion, 2010). The P400 is also face-sensitive and 

hypothesised to partly constitute a developmental precursor to the N170 (Halit, de 

Haan, & Johnson, 2003). The P250 is a fronto-central, early positive component that 

reflects allocation of attention and is involved in configural face information processing 

(Marzi & Viggiano, 2007). The Nc is a fronto-central, mid-latency, negative component 

associated with increased attention to salient stimuli and recognition memory (de Haan 

& Nelson, 1997; Nelson, 2001). 

 The first ERP investigations in this population, conducted as part of the BEIP 

study (Moulson et al., 2009b; Parker et al., 2005a, 2007) documented signs of pervasive 

cortical hypoarousal in institutionalised children, while processing faces. Specifically, 

compared to family-reared age-mates, institutionally reared children showed reduced 

amplitudes in the N170, the Nc, and PSW (but not the P250) when children were 7 to 32 

months old. When participants were re-evaluated at 30 and 42 months of age, 

institutionally reared children showed reduced amplitudes in the P1, compared to 

family-reared controls. Notably and seeming to implicate the influence of post-

institutional experience, a subgroup of previously institutionalised children who 
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experienced high-quality foster-care, had P1 amplitudes which fell between those of 

institutionalised and family-reared age-mates.  

 Perhaps surprisingly, institutionalised children appeared to process familiar 

versus unfamiliar faces in a similar way to their never-institutionalised counterparts, 

despite their exposure to adverse early caregiving conditions in the case of the former 

group of children. Specifically, both groups showed discriminating neural responses to 

the caregiver’s and a stranger’s face in the Nc, P400 and P250 components. 

Nevertheless, while it is true that institutionalised children showed the same 

discrimination effects shown by family-reared controls, the former group showed, in 

addition, discrimination effects in the N170 and P1 that were absent in controls.  

 In summary, ERP findings so far indicate that institutionalised children show 

some activity patterns suggestive of neural hypoactivation when processing faces, 

regardless of familiarity. What remains to be established is whether such findings 

regarding the neural processing of face familiarity can be replicated in a sample of 

currently institutionalised children in good-quality homes in Western Europe, who were 

institutionalised later in life and for different reasons from the BEIP sample.  

 Specifically, Romanian children from the BEIP were frequently removed from 

the biological family or abandoned at or soon after birth, and placed in an institutional 

care system that although improving under the recent reforms, was still rather 

disorganised and deprived in many aspects (IMAS & UNICEF Romania, 2004). On the 

other hand, the Portuguese children in the current investigation were most frequently 

withdrawn from their parents due to neglect, family breakdown, extreme economic 

hardship or other familial circumstances that were considered to endanger children’s 

physical or psychological wellbeing, and were placed in the institution at later and 

varying ages. In these (Portuguese) institutions, general quality of care (even though 

with variation across institutions) is high in regard to nutrition, medical care, access to 

therapies, planned activities targeting cognitive stimulation and outdoor play, for 

example. Another aspect of possible cultural differences between Eastern and the 

current institutional settings with implications for children’s experiences is the prenatal 

conditions to which children might have been exposed, for example in terms of nutrition 

and exposure to alcohol in utero and low birth weight—for which East European 

children placed in institutional care are known for being at disproportionately increased 

risk (compared to the United States and most countries in Western Europe; Johnson, 

2000).  
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 Notwithstanding such differences across countries and variability within 

countries, most institutions have in common the characteristics described earlier (e.g., 

high number of rotating staff, high ratios of children to caregivers, little time for 

individualised interactions), which translate in psychosocial neglect of resident children. 

If this psychosocial neglect is the key ingredient for institutionalised children’s atypical 

brain activity patterns, we would be able to generalise the existing findings with 

Romanian children to most institutional samples—including those where efforts have 

been made to improve some aspects of environmental quality (e.g., medical care and 

general stimulation), but not these other aspects implicating lack of individualised and 

stable caregiving considered of developmental significance. However, that is currently 

unclear. 

 Until recently, no ERP studies have been conducted with institutionalised 

children living in Western institutions. A preliminary report by our team with this 

sample has initiated such work, providing an account of ERP correlates of atypical 

social behaviour in Portuguese institutionalised children (Mesquita et al., 2015). Results 

indicated that, within the institutionalised children as a group, those presenting atypical 

social behaviour showed a reduced P1 amplitude when compared to institutionalised 

children without such behavioural presentation. This result is in line with the findings 

from the BEIP reviewed above, however it remains to be established how the activity 

patterns of this group of Portuguese children would compare to a group of family-reared 

agemates.  

 In line with the background provided, the current study will compare the neural 

processing of face familiarity in a group of currently institutionalised Portuguese pre-

schoolers to a group of same-age children continuously reared with their families. 

Considering that the same psychosocial neglect characteristic of the Romanian 

institutions (i.e., children being cared of by many rotating, often overloaded and 

sometimes “detached”, caregivers) also characterises the Portuguese institutions in 

general, our main hypothesis is that we will also find a pattern of neural hypoactivation 

in this sample—however, perhaps to a lesser degree, considering that most children 

were institutionalised after six moths of age. On the other hand, in line with the BEIP 

results, we expect to find no major differences with respect to the differential processing 

of familiar versus unfamiliar faces between the institutionalised and the family-reared 

children, indicating that institutionalised children’s atypical patterns when processing 

faces are shown regardless of face familiarity. 
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Method 

Participants 

This study is part of a larger research project on the development of Portuguese 

institutionalised children. After approval by the Portuguese Social Services and the 

National Commission for Data Protection, the larger project was presented to the staff at 

each institution. At recruitment, participants were identified as all children aged 3-6 

years old, who had not yet entered primary school, and who did not suffer from 

moderate to severe mental or physical impairments, genetic syndromes or autism 

spectrum disorders (ASD). Written informed consent were requested from institution 

directors, biological parents, and participating caregivers. Of the 100 children identified 

as potential participants (Note: data collection for the broad project continued after this 

point), parental consent was not obtained for 5 children; 5 met exclusion criteria evident 

after entry in the study (related to physical health, mental development <70 or ASD); 15 

children left the institution (for adoption or family placement) without completing the 

ERP assessment; EEG recording was impossible for 2 children because of their hair, 

and 7 children refused to undergo the ERP testing entirely. Of the 66 participants who 

underwent ERP testing, 19 had insufficient usable data due to excessive noise in the 

EEG or less than 20 good trials per condition.  

The final sample for analysis was composed of 47 children (28 boys), who were 

36–83 months old (M = 58.04, SD = 12.39) and came from 20 institutions. There were 7 

pairs of siblings. The majority of children (n = 39) were Caucasian, 4 were African-

Portuguese, 2 were African, and 2 had another ethnicity. Children were admitted to the 

institution between 3 to 69 months of age (M = 36.28; SD = 15.51), mostly because of 

neglect (79%). Children had been institutionalised for 5 to 56 months (M = 21.45; SD = 

14.82), and their families of origin were almost exclusively of low socioeconomic status 

(SES). Every child participated with their institutional caregiver, who was identified, in 

consultation with the institutional staff, as the child’s favourite caregiver at the 

institution. If such a caregiver could not be identified, the one most familiar with the 

child and involved in his/her daily routines participated with them. Participating 

caregivers were 37 in total and all female (6 participated with more than one child). 

A comparison group was recruited from local families, ranging from low to 

medium-high sociocultural backgrounds. The same health and mental developmental 

exclusion criteria applied, in addition to absence of any child protection measure or 

history of institutionalisation. Children in the comparison group participated with their 

mothers. Of the 55 families who were contacted, 21 refused to participate, cancelled or 
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did not attend the assessment. The SES of families was mixed, and did not differ 

between those who refused to participate and those who participated in the study. One 

child could not be tested because of his hair. Of the 34 children who underwent ERP 

testing, 4 did not have sufficient usable data due to excessive noise in the EEG or had 

less than 20 good trials per condition. The final sample consisted of 30 children (13 

boys), aged 40-75 months old (M = 57.93, SD = 10.52), all Caucasian. All except one 

child went to preschool. The majority of children (n = 25, 83%) lived with both 

biological parents, but 5 children (17%) lived with the mother and other elements of the 

family (step-father or grandparents/ uncle and aunt). There were 2 pairs of siblings. 

Maternal educational level varied substantially: 6 (20%) went to primary school only 

(i.e., 4 years of education), 8 (27%) had completed 9 years of education, 7 (23%) 

proceeded to secondary school (i.e., 12 years of education), and the remaining 9 (30%) 

held a college degree. Eight mothers (27%) and three fathers (10%) were unemployed.  

Institutionalised and family-reared children did not differ on height, weight or 

head circumference. Even though the mean age (in months) of the institutionalised 

group was not different from that of the family-reared group, the institutionalised 

children obtained a lower developmental quotient (t (75) = 5.47, p < .000) and lower 

developmental age (t (75) = 2.51, p < .014) than their family-reared counterparts.  

 

Measures  

 The Griffith’s Mental Development Scales (Griffiths, 1984) assess various 

areas of development by means of six subscales. A global quotient reflecting general 

developmental level was calculated by averaging scores on the six subscales. 

 

EEG recording and ERP task 

 Task stimuli 

 Photographs of the child’s caregiver (i.e., the institutional caregiver for the IG 

and the mother for the CG) and one female stranger, posing emotional and neutral 

expressions, were used as stimuli. However, only neutral faces were used for the current 

study. The caregiver was asked to wear her hair as she usually did and, if she wore 

glasses, to leave them on. The same single stranger’s pictures were used for every child, 

due to practical impossibility of editing and matching the caregiver’s photos 

beforehand. The photographs were edited using Adobe Photoshop CS5 to standardise 

the background, size, brightness and contrast characteristics. Photographs were resized 

to 217 and 180 pixels in height and width, respectively, to avoid ocular movements 
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across the screen. Each trial began with the presentation of a fixation cross for 400 ms, 

followed by the face (stranger or caregiver, posing a neutral, happy or angry 

expression), which remained on the screen for 1000 to 1500 ms (randomised duration). 

Then, a frame filled with either circles or stripes appeared around the face, as a cue for 

“go” or “no-go” response (counterbalanced across participants). In correct “go” trials 

the stimulus (face and frame) disappeared automatically when the participant pressed 

the button, while in correct “no-go” trials the stimulus remained for 1500 ms before 

disappearing. If the button was not pressed in the 600–1000 ms after the presentation of 

the face in “go” trials or was incorrectly pressed in “no-go” trials, a red cross appeared 

and remained on the screen for 700 ms. In total the task consisted of 360 trials, with the 

presentation of the stranger or the caregiver’s face in a semi-random order (of these, 60 

caregiver and 60 stranger faces had a neutral expression), with 180 “go” and 180 “no-

go” trials with an inter-trial interval of 1000 ms.This task was designed according to 

Todd and colleagues (Todd, Lewis, Meusel, & Zelazo, 2008) (see Figure 1). The 

Presentation (Neurobehavioral Systems Inc) software was used to create and present 

this face processing go/no-go task. 

 

 Task procedure  

 Children visited the laboratory with their caregiver for this assessment. The 

child was seated in front of the computer screen, at a distance of 100 cm, with their eyes 

approximately at the midpoint of the screen. A brief training procedure with other faces 

as stimuli was conducted prior to the task to ensure that the child understood the 

instructions. A researcher remained in the room monitoring and recording the child’s 

behaviour, including eye movements, and the quality of the EEG signal. If necessary, 

the researcher coached the child to maintain attention or remain still. The caregiver also 

remained in the room, behind the child. The experimental paradigm, with a total 

duration of 30 minutes, was divided into three 10-minutes blocks, with a few minutes 

interval between them (mostly for resting and recovering alertness). Recordings were 

conducted for the total duration of the task unless the child became too fussy, too 

sleepy, or refused to continue.  

 

 EEG recording 

 The EEG was recorded with Brain Vision Recorder system using a Quickamps 

amplifier with 32 sintered Ag/AgCl electrodes placed at Fp1, Fp2, F7, F3, Fz, F4, F8, 

FC5, FC1, FC2, FC6, C3, Cz, C4, CP5, CP1, CP2, CP6, T7, T8, TP9, TP10, P7, P3, Pz, 
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P4, P8, PO9, PO10, O1, Oz, O2 (according to the extended 10–20 International 

System). The average of all electrodes was used as reference and the system was 

grounded with an electrode placed at AFz. Moreover, vertical and horizontal 

electrooculographic activity was recorded bipolarly from above and below one eye and 

the outer edges of the two eyes, respectively, to measure eye movements and blinks. 

Electrode impedances were considered acceptable if they were at or below 10 kΩ. EEG 

signals were continuously amplified and digitized at a rate of 250 Hz, and filtered on-

line with a 0.3–70 Hz band pass filter. 

 

 EEG processing and statistical analysis 

 The EEG data were analysed with Brain Vision Analyzer software (Version 

2.0.1). The EEG data were corrected for ocular artifacts (ICA; Jung et al., 2000) and 

digitally filtered off-line with a 0.1–30 Hz bandpass filter and notch filter (50 Hz). 

Subsequently, the EEG was segmented into epochs of 1100 ms, from 100 ms pre- to 

1000 ms post-stimulus after face stimuli. The data were baseline-corrected to 100 ms 

before face onset, and segments exceeding +/- 100 µV at any scalp electrode were 

rejected. Finally, corrected artifact-free trials were averaged for each subject in each 

condition (neutral caregiver, neutral stranger). The institutionalised children had an 

average of 47 good trials (range = 21–60) for the caregiver condition and 48 (range = 

24–60) for the stranger condition, while the family-reared children had an average of 43 

good trials (range = 25–58) for the caregiver condition and 44 (range = 27–59) for the 

stranger condition. Components of interest and expected respective windows for this 

age range were selected based on the literature and our own data. The averaged ERPs 

were analysed with a semiautomatic peak detection procedure at the corresponding 

electrodes for each component, and all components were individually checked. Three 

occipital components, namely P1, N170, and P400, and one frontocentral component, 

the P250, were detected. The P1, N170 and P400 components were identified and 

marked as, respectively, the largest positive peak between 80–200ms after stimuli onset, 

the largest negative peak between 180–360ms, and the largest positive peak between 

300–500ms, at electrode sites O1 and O2 (occipital), and PO9 and PO10 (parieto-

occipital). The P250 component was identified and marked as the largest positive peak 

between 180–350ms, at FC1, FC2, Fz, F3 and F4 electrodes; FC1 and F3 electrodes 

(left leads) and FC2 and F4 electrodes (right leads) were collapsed to obtain a mean for 

left and a mean for right activity, respectively. See Figure 2 for the location of all 

electrodes.  



!

! 138!

 The institutionalised children composed the Institutionalised Group (IG) and the 

family-reared children the Control Group (CG). The groups were also divided in two 

age subgroups, by a median split at 58 and at 56 months, for the IG and the CG, 

respectively. 

For each of the components, two repeated measures analyses of variance 

(ANOVA) with a mixed design were computed, one with peak amplitude (in µV) and 

the other with latency to peak (in ms) as dependent variables. Outliers were transformed 

with the winsorising method. Levene’s tests of homogeneity of variances, Box’s tests of 

equality of covariance, and (when appropriate) Mauchly’s test of sphericity were 

checked. For each ANOVA of the P1, N170 and P400 the within-subjects factors were 

face (caregiver; stranger), region (occipital; parieto-occipital) and laterality (left; right). 

For the P250 the within-subjects factors were face (caregiver; stranger) and laterality 

(left; midline; right). For all components the between-subjects factors were group (CG; 

IG) and age (younger; older). Significant interactions were followed-up with post-hoc t-

tests with a Bonferroni correction for multiple comparisons. In order to account for the 

group differences in developmental age, all analyses were re-run including 

developmental age as a covariate; results involving group main or interaction effects 

were reported when different from the original analyses. 

Results 

Behavioural performance on the Go/No-go task 

 To analyse group and age effects on children’s behavioural performance on the 

Go/No-go task, the percentage of correct button presses (in response to Go cues) and the 

percentage of correct button press inhibition (in response to No-go cues) were 

calculated for the average of trials that each subject completed.  

 Univariate analyses revealed differences between the groups and differences 

between age-groups for accuracy in pressing the button for the Go cue, F (1, 65) = 9.18, 

p = .004 and F (1, 65) = 61.93, p = .000, respectively, but no groupXage interaction, F 

(1, 65) = 2.56, ns. Children in the comparison group showed more correct Go responses 

than those in the institutionalised group, regardless of age. Also, older children showed 

more correct Go responses than younger children, regardless of group. See Table 2. 

 Regarding correct performance in response to the No-go cues (i.e. inhibition of 

button press), there was no main effect of group, F (1, 65) = .48, ns., but there was a 

significant main effect of age, F (1, 65) = 8.11, p = .006. Accordingly, institutionalised 

and comparison children were equally accurate in inhibiting a button press. Yet, 

regardless of the group, older children were more accurate in this inhibition than 
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younger ones. The groupXage interaction was marginally significant, F (1, 65) = 3.68, p 

= .059, suggesting a tendency for poorer performance in the institutionalised than the 

comparison group among the younger, but not the older children (whose pattern 

appeared to occur in the opposite direction of a better performance among the 

institutionalised children). See Table 3. 

 

ERP results 

 Results for the peak and latency measures of the four ERP components are 

reported in turn. After each section, results controlling for developmental age are 

reported when different from the original analysis. 

 P1 

Peak: Firstly, there was a main effect of Region for peak amplitude, F (1, 73) = 

50.69, p < .001, indicating that the P1 was larger in the parieto-occipital electrodes than 

the occipital ones. Secondly, there was a main effect of Laterality, F (1, 73) = 14.52, p < 

.001, indicating that the P1 was larger over the right than the left hemisphere for all 

participants. There were also marginally significant main effects of Group, F (1, 73) = 

2.99, p = .088 and Age, F (1, 73) = 3.00, p = .087, suggesting that the P1 tended to be 

larger for the CG than the IG and larger for older than younger children.  

This was qualified by a Group x Region interaction, F (1, 73) = 9.87, p = .002. 

Post-hoc tests and inspection of the plots and means indicated that the P1 was larger in 

the CG than the IG, over the parieto-occipital electrodes, F (1, 73) = 9.96, p = .002, but 

not over the occipital ones, F (1, 73) = .18, ns.  

There was also a significant Group x Laterality x Face interaction, F (1, 73) = 

4.99, p = .029. Inspection of the post-hoc tests and means indicated that the P1 was 

larger in the CG than the IG, in both hemispheres and for both faces but particularly 

over the left hemisphere and for the stranger’s face, F (1, 73) = 5.24, p = .025. 

There was also a Laterality x Region interaction, F (1, 73) = 4.49, p = .038, but it 

was not significant on follow-up. 

Lastly, when including developmental age as a covariate, results that changed 

were the Group main effect which became significant, F (1, 72) = 4.80, p = .032, and 

the Group x Region interaction became marginally significant, F (1, 72) = 2.91, p = .093 

(even though the post-hoc was again only significant for parieto-occipital electrodes, F 

(1, 72) = 7.01, p = .010). See Table 4. 
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Latency: There was a main effect of Region for latency to peak, F (1, 73) = 

66.64, p < .001, indicating that the P1 was faster over the occipital electrodes than the 

parieto-occipital ones.   

This was qualified by a marginally significant Group x Age x Region 

interaction, F (1, 73) = 3.17, p = .079. Inspection of the post-hoc tests and means 

suggested that over the parieto-occipital electrodes, and among younger children, the 

CG had faster latencies to P1 than the IG, F (1, 73) = 5.58, p = .021, but not among 

older children, F (1, 73) = .66, ns. Also, only in the IG, and over the parieto-occipital 

electrodes, the latencies of the older children were significantly faster than those of 

younger children, F (1, 73) = 4.47, p = .038, while the same effect was not observed in 

the CG, F (1, 73) = 1.33, ns. 

There was a marginally significant main effect of Face, F (1, 73) = 3.46, p = 

.067, suggesting a tendency for the P1 to be faster for the caregiver’s face than the 

stranger’s. 

When including developmental age as a covariate, the Group x Age x Region 

interaction became significant, F (1, 72) = 3.96, p = .050. See Table 5 and Figures 4-6 

and 8. 

 

 N170 

Peak: There was a main effect of Region for peak amplitude, F (1, 73) = 40.08, 

p < .001, indicating that the N170 was larger (i.e., more negative) in the parieto-

occipital electrodes that the occipital ones.  

This was qualified by a Group x Region interaction, F (1, 73) = 5.12, p = .027. 

Inspection of the post-hoc tests and means indicated that the CG showed a larger N170 

than the IG, over the parieto-occipital electrodes, F (1, 73) = 4.19, p = .044, but not over 

the occipital ones, F (1, 73) = .00, ns.  

That effect was further qualified by a Group x Age x Region interaction, F (1, 

73) = 7.39, p = .008. Inspection of the post-hoc tests and means indicated that it was 

particularly among older children that the CG showed a larger N170 than the IG, over 

the parieto-occipital electrodes, F (1, 73) = 4.68, p = .034, failing to reach significance 

in younger children, F (1, 73) = .48, ns. Also, only in the IG, over the occipital 

electrodes, older children had significantly larger N170 amplitudes than younger 

children, F (1, 73) = 8.28, p = .005, while the same effect was not observed in the CG, F 

(1, 73) = .00, ns. 
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There was also a main effect of Face, F (1, 73) = 11.54, p = .001, indicating that 

the N170 was larger in response to the caregiver’s than the stranger’s face across the 

whole sample. 

This was qualified by a Face x Region interaction, F (1, 73) = 17.66, p < .001. 

Inspection of the post-hoc tests and means indicated that the Face effect (caregiver > 

stranger) was particularly seen in the parieto-occipital electrodes, F (1, 73) = 20.88, p < 

.001, failing to reach significance over the occipital ones, F (1, 73) = 1.62, ns. 

Finally, there was a marginally significant main effect of Age, F (1, 73) = 3.01, 

p = .087, suggesting that the N170 tended to be larger in older than younger children. 

When including developmental age as a covariate, a Group x Face interaction 

became significant, F (1, 72) = 4.82, p = .031. The CG showed a larger N170 than the 

IG, particularly for the caregiver’s face, F (1, 72) = 4.69, p = .034, but that failed to 

reach significance in the stranger’s face condition, F (1, 72) = .37, ns. Also, it was 

mainly the CG who showed a larger N170 in response to the caregiver’s face than the 

stranger’s, F (1, 72) = 13.31, p < .001, with the IG showing a smaller difference that 

failed to reach significance, F (1, 72) = .98, ns. See Table 4. 

 

Latency: There was a main effect of Group for latency to peak, F (1, 73) = 6.43, 

p = .013, indicating that the N170 was faster in the CG than the IG. There was also a 

main effect of Age, F (1, 73) = 5.66, p = .020, indicating that the N170 was faster 

among older than younger children. Finally, there was a main effect of Face, F (1, 73) = 

4.29, p = .042, indicating that the N170 was faster for the caregiver’s face than the 

stranger’s.    

This was qualified by a Group x Age interaction, F (1, 73) = 4.93, p = .030. 

Inspection of the post-hoc tests and means indicated that among younger children, the 

CG had faster latencies to the N170 than the IG, F (1, 73) = 11.89, p = .001, which 

failed to reach significance among older children, F (1, 73) = .05, ns. Also, only in the 

IG the latencies of the older children were significantly faster than those of younger 

children, F (1, 73) = 13.60, p < .001, and not in the CG, F (1, 73) = .01, ns.  

That was further qualified by a Group x Age x Face interaction, F (1, 73) = 4.37, 

p = .040. Inspection of the post-hoc tests and means indicated that even though the 

N170, among younger children, was faster in the CG than the IG, regardless of face, this 

effect was larger regarding the caregiver’s face, F (1, 73) = 16.52, p < .001, than the 

stranger’s, F (1, 73) = 6.54, p = .013. Also, while in the CG it was the younger children 

who showed a faster N170 for the caregiver’s than the stranger’s face, F (1, 73) = 4.97, 
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p = .029, in the IG it was the older children who showed that same face condition effect, 

F (1, 73) = 4.00, p = .049. 

Finally, there was a main effect of Region, F (1, 73) = 19.28, p < .001, indicating 

that the N170 was faster over the occipital electrodes than the parieto-occipital ones. 

When including developmental age as a covariate, the Group main effect 

became trend-level, F (1, 72) = 3.63, p = .061, and the Age main effect became non-

significant, F (1, 73) = .70, ns. However, the Group x Age interaction remain 

significant, F (1, 72) = 4.47, p = .038. See Table 5 and Figures 4-6 and 8. 

 

 P400 

Peak: There was a main effect of Age for peak amplitude, F (1, 73) = 9.94, p = 

.002, indicating that the P400 was larger in older than in younger children. There was 

also a main effect of Region, F (1, 73) = 47.82, p < .001, indicating that the P400 was 

larger in the parieto-occipital electrodes than the occipital ones.  

This was qualified by an Age x Region interaction, F (1, 73) = 6.82, p = .011, 

and an Age x Region x Laterality interaction, F (1, 73) = 4.46, p = .038. Inspection of 

the post-hoc tests and means indicated that the age effect (P400 in older > younger 

children) was mainly observed over the parieto-occipital electrodes, and even though in 

both hemispheres that effect was largest over the left, F (1, 73) = 20.43, p < .001, than 

right, F (1, 73) = 6.53, p = .013, hemisphere. 

There was also a marginally significant Group x Face x Region interaction, F (1, 

73) = 3.09, p = .083, and significant Age x Region x Laterality x Face and Group x Age 

x Region x Laterality x Face interactions, F (1, 73) = 8.90, p = .004 and F (1, 73) = 6.40, 

p = .014, respectively. Inspection of the post-hoc tests and means indicated a tendency, 

over the parieto-occipital electrodes, for younger children in the CG to have a larger 

P400 than younger IG, particularly in response to the caregiver’s face and over the right 

hemisphere, F (1, 73) = 3.70, p = .058.   

When including developmental age as a covariate, the Group x Face x Region 

interaction that was marginally significant became non-significant, F (1, 72) = .54, ns. 

See Table 4. 

 

Latency: There was a main effect of Age for latency to peak, F (1, 73) = 4.52, p 

= .037, indicating that the P400 was faster among older than younger children. There 

was also a main effect of Region, F (1, 73) = 12.08, p = .001, indicating that latency to 

the P400 was faster over the O1 and O2 electrodes than the PO9 and PO10. 
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This was qualified by a Group x Region interaction, F (1, 73) = 5.31, p = .024. 

Inspection of the plots and means revealed that it was particularly the CG who showed a 

faster latency over the occipital electrodes than the parieto-occipital ones, F (1, 73) = 

13.66, p < .001, whereas for the IG this region effect failed to reach significance, F (1, 

73) = .88, ns. See Table 5 and Figures 4-6 and 8. 

 

 P250 

Peak: There was a main effect of Face for peak amplitude, F (1, 73) = 5.10, p = 

.027, indicating that the P250 was larger for the caregiver’s than the stranger’s face. 

There was also a marginally significant main effect of Age, F (1, 73) = 3.85, p = .054, 

indicating that the P250 was slightly larger in older than younger children.  

This was qualified by a marginally significant Group x Age x Face interaction, F 

(1, 73) = 3.78, p = .056. Inspection of the post-hoc tests and means suggested that while 

in the CG the discrimination of faces (caregiver > stranger) was shown by younger 

children, F (1, 73) = 5.61, p = .021, in the IG that same effect of face was shown, at a 

trend-level, by older children, F (1, 73) = 3.53, p = .064.   

Finally, when including developmental age as a covariate, the Group x Age x 

Face interaction that was marginally significant became significant, F (1, 72) = 4.88, p = 

.030. See Table 4.  

 

Latency: There was a main effect of Group for latency to peak, F (1, 73) = 6.17, 

p = .015, indicating that the P250 was faster in the CG than the IG. There was also a 

main effect of Age, F (1, 73) = 7.84, p = .007, indicating that the P250 was faster in 

older than younger children.  

This was qualified by a Group x Age interaction, F (1, 73) = 6.06, p = .016. 

Inspection of the plots and means indicated that among younger children, the CG had 

faster latencies to the P250 than the IG, F (1, 73) = 12.86, p = .001, but not among older 

children, F (1, 73) = .00, ns. Also, only in the IG the latencies of the older children were 

significantly faster than those of younger children, F (1, 73) = 17.80, p < .001, which 

failed to reach significance in the CG, F (1, 73) = .05, ns. See Table 5 and Figures 3 and 

7. 

 

Discussion 

The aim of this study was to investigate the neural correlates of face familiarity 

processing in the context of exposure to a variant of highly non-normative early care, 
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institutionalisation. The neural activation patterns of currently institutionalised pre-

schoolers were compared to a group of same-age children reared continuously in their 

birth families. First, the behavioural performance of institutionalised children in the 

Go/No-go task was characterised by more inaccuracy in Go trials than the comparison 

group. ERP results revealed that the institutionalised children had smaller amplitudes in 

occipital components than the family-reared comparison children. The groups also 

differed in latencies to several peaks, particularly among the younger children, with the 

institutionalised group showing slower latencies than the comparison group. Both 

groups showed discrimination of faces on the N170 and the P250, however this effect 

showed different interactions with age for each group. These findings will be discussed 

below. 

Before discussing the ERP findings, it is relevant to recall that institutionalised 

children as a group showed inaccuracy in task performance, when compared to the 

family-reared group, in Go trials, but not in No-go trials. Thus, the institutionalised 

children’s inaccuracy was error of omission of a response—i.e. they performed well in 

inhibiting a response to No-go cues—which may reflect difficulties with sustained 

attention (rather than selective attention or inhibitory control). This result replicates 

what was found in the BEIP sample at 8 years of age (McDermott, Westerlund, Zeanah, 

Nelson, & Fox, 2012), and with 10-11 years old post-institutionalised adoptees (Loman 

et al., 2013), who also demonstrated an omission of performance on Go trials but no 

inaccuracy in No-go trials, in cognitive tasks while their ERPs were recorded.  

 Moving to ERP results, the most salient result of this investigation was that, as 

expected, the institutionalised children showed blunted amplitudes in occipital 

components, compared to their family-reared age-mates. Firstly, the institutionalised 

children had a smaller P1 than the comparison group, particularly over the left 

hemisphere and for the stranger’s face. This reduced P1 amplitude could reflect deficits 

in the sensory stage of visual perception or in selective attention (Caharel et al., 2007)—

which is in line with their errors in task performance. Our result is in agreement with 

what was found in the BEIP sample at the baseline, 30- and 42-months assessments, 

where the institutionalised children showed a smaller P1 than the never-institutionalised 

group, also particularly for the stranger’s face (Moulson, Fox, Zeanah, & Nelson, 

2009a; Moulson et al., 2009b). Notwithstanding, the differences between groups in P1 

amplitude were more dramatic in the BEIP sample, at least for the stranger’s condition. 

This is in line with our prediction of a smaller group difference in our sample of 

Portuguese institutionalised children when compared to the Romanian children from the 
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BEIP, perhaps reflecting the fact that most children in the current study were 

institutionalised after 6 months of age (in all except 2 cases) and/or that they were 

placed in better-quality institutions. This result also allows to reframe the findings of 

our preliminary report which indicated that institutionalised children with atypical 

social engagement profiles showed smaller P1 amplitudes than those without such 

atypical behaviour (Mesquita et al., 2015). Specifically, these findings together with 

those of the current study, suggest that although institutionalised children as a group 

show a blunted P1 while processing faces, this might be particularly true for those 

children presenting atypical social behaviour as a result of their institutionalisation. In 

order to improve our understanding of the effects of institutionalisation on 

neurodevelopment it will be crucial to follow-up this result, both in this sample and 

others. 

Secondly, the institutionalised children also had a smaller N170 (i.e., less 

negative) than family-reared controls, particularly among older children (i.e., above 

56/58 months). When covarying developmental age, this group effect was seen 

particularly for the caregiver’s face. A reduced N170 amplitude in the institutionalised 

children from the BEIP was found at the baseline assessment (when children were 6-30 

months old; Parker et al., 2005a, 2007), but was not replicated at subsequent follow-ups 

with either the face familiarity or the emotional expressions tasks (Moulson et al., 

2009b; Nelson, Westerlund, McDermott, Zeanah, & Fox, 2013). These inconsistencies 

might be explained by the fact that the current study included a relatively wide age 

range, and that effects were seen in older children. Taking into account that the N170, a 

marker for the structural encoding and configural processing of faces (Caharel et al., 

2007; Eimer, 2011), changes significantly throughout development (Kuefner et al., 

2010; Taylor, Batty, & Itier, 2004), this discrepancy in results might be explained by the 

age differences across samples (for example, we do not know if the BEIP sample at an 

older age would show such effects on the N170 again). Future studies looking 

specifically at testing the N170 longitudinally in groups of institutionalised and family-

reared children would help clarify this result.  

The third (and last) group difference in ERP amplitude we found was a tendency 

for the institutionalised group to have a smaller P400 than the comparison group, among 

the younger children, and particularly over the right hemisphere and for the caregiver’s 

face. The P400 is a face-sensitive ERP component that may represent a precursor of the 

N170 (de Haan, Johnson, & Halit, 2007). The institutionalised group from the BEIP 

also showed a smaller P400 than never-institutionalised children, at 42 months of age, 
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while visualising faces with different emotional expressions (Moulson et al., 2009a), but 

not in the face familiarity task (Moulson et al., 2009b). In the current study the 

differences between groups in P400 amplitude were only marginally significant, and 

remained so when covarying the child’s developmental age. It is possible that 

chronological age-differences in P400 (as the P400 did show age effects in this sample) 

masked clear group differences. Alternatively, perhaps the hypoactivation seen in 

institutionalised children in the earlier stages of face processing (at least in abilities 

involved in the processing of face identity) fades somewhat in the latest periods of the 

ERP epoch. 

In sum, the findings of the current study are in agreement with existing 

literature, in revealing that institutionalised children showed reduced amplitudes in 

occipital components when compared to family-reared children. Our findings are in line 

with those from the BEIP study, whose authors concluded that even when such 

differences did not reach statistical significance, the pattern of overall smaller 

amplitudes in the institutionalised group is visually very clear (Moulson et al., 2009b). 

The authors interpreted these reductions in amplitudes shown by institutionalised 

children as cortical hypoarousal while perceiving faces (Moulson et al., 2009a; Moulson 

et al., 2009b; Parker et al., 2005a). While there are indications in the literature on EEG 

spectral power that such hypoactivation might not be exclusive to face processing 

(Marshall et al., 2004; Tarullo et al., 2011; Vanderwert et al., 2010), it is likely that the 

networks involved in face processing are particularly affected by institutional rearing 

(Moulson et al., 2009b). This would be consistent with behavioural data indicating that 

the socio-emotional domain is particularly affected by institutional rearing, often with 

quite persistent effects (Bakermans-Kranenburg et al., 2011). It is also plausible that 

difficulties in the ability to orient or sustain attention, among the institutionalised 

children, underlie (at least in part) these signs of hypoarousal. The literature with 

institutionalised samples, which has been finding both neural markers of lack of 

attention/response monitoring, and behavioural inaccuracy in performing a required 

response (including in the current study) indicates that this is a major difficulty in these 

children (Loman et al., 2013; McDermott et al., 2012). 

The data form this study also indicated that institutionalised children may 

process faces more slowly (or less efficiently) compared to the control children. 

Specifically, the institutionalised children in this study showed slower latencies to the 

P1 and P250, although only among younger children, and to the N170, particularly 

among younger children and for the caregiver’s face. In the BEIP sample, 
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institutionalised children also showed slower latencies to the P1 and N170, but only in 

assessments prior to 42 months of age (Moulson et al., 2009b). Faster ERP latencies 

likely reflect more efficient visual processing, which could result from brain maturation 

processes such as increased myelinisation in visual cortical areas (de Haan et al., 2007; 

Kuefner et al., 2010). Notwithstanding, this slower processing of faces could, again, 

result from or be related to attentional difficulties.  

In contrast, both groups in the current study showed similar laterality and 

regional effects, mainly larger amplitudes but slower latencies over the parieto-occipital 

than the occipital leads, and a larger P1 over the right than left hemisphere. Similarly, in 

the BEIP assessments at 30 and 42 months, the P1 was larger in the right than the left 

hemisphere for all participants (Moulson et al., 2009b). A larger P1 amplitude over the 

right than left hemisphere has been documented in several ages in typical development, 

and believed to reflect a greater involvement of the right hemisphere in the holistic 

processing of faces (Taylor et al., 2004). Accordingly, while the institutionalised 

children showed an overall blunted P1 when compared to controls, the greater 

involvement of the right hemisphere in low-level processing of faces probably remains 

intact.   

Moving to findings relating to processing of the different faces (the caregiver/ 

mother’s and the stranger’s), all participants showed face discrimination in their neural 

responses, namely a larger and faster N170 in response to the caregiver’s face when 

compared to the stranger’s. However, the difference in N170 amplitude was mainly due 

to the family-reared children, and in fact, with developmental age covaried, it was only 

significant in this group. However, the pattern of N170 differences in the comparison 

group was not as expected, because in typically developing children the opposite effect 

has been reported, that is, a larger N170 in response to unfamiliar versus familiar faces 

(Todd et al., 2008). Having said that, an absence of familiarity effects in the N170 in 

typically developing children has also been reported (Gunji, Inagaki, Inoue, Takeshima, 

& Kaga, 2009; Moulson et al., 2009b), as well as increased amplitudes for familiar than 

unfamiliar faces in adults (Caharel et al., 2002). In the BEIP, a larger N170 to the 

stranger’s than the caregiver’s face was only shown by the institutionalised children, 

with no familiarity effects noted for this component among the control group (Moulson 

et al., 2009b).   

In order to interpret these inconsistencies it is important to take into account that 

although the N170 has generally been considered to index the structural encoding of 

physical information in faces (Caharel et al., 2007; Kuefner et al., 2010), its role in 
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identity processing is not as well established (Caharel et al., 2002; de Haan et al., 2007; 

Eimer, 2011; Taylor et al., 2004). Therefore, the reasons behind such differences in 

amplitude for the mother versus stranger faces remain unclear. It has been proposed that 

the mother’s face is overlearned and thus could generate shorter latencies and smaller 

amplitudes due to a more efficient feature processing (Todd et al., 2008; Tong & 

Nakayama, 1999). Our results seem consistent with this hypothesis given that home-

reared children showed a faster (although larger) N170 in response to the mother’s face.  

These inconsistencies in findings might result from developmental changes in 

face processing, in general, and in changes in the N170, in particular. Indeed, the N170 

goes through significant maturational changes from 4 years of age to adolescence and 

adulthood (Taylor et al., 2004; Taylor, McCarthy, Saliba, & Degiovanni, 1999), 

however it has been proposed that these differences may not be specific to faces 

(Kuefner et al., 2010). Nevertheless, even if the categorisation of a face as a face, as 

assessed by the N170, does not show much maturational change, that does not preclude 

the possibility that facial identity processing, as indexed by the N170, might (Kuefner et 

al., 2010). Finally, there are important methodological complications that may play a 

part in between-study inconsistencies, such as the variability in experimental tasks used 

across studies, the influence of the antecedent P1 peak on the amplitude of the N170, 

and the existence of a “bifid” N170 (i.e., two N170 peaks) in some subjects of this age 

(Kuefner et al., 2010; Taylor et al., 2004). Future research focused on the sensitivity of 

the N170 to face familiarity/identity throughout development is warranted to clarify 

these inconsistencies. In addition, it is noteworthy that in the current study a single 

stranger’s face was used, which presents a potential limitation for the generalisation of 

our findings with this individual stranger to children’s processing of “strangers” faces. 

We also found a face familiarity effect on the P250 amplitude, namely a larger 

amplitude in response to the caregiver’s than the stranger’s face, among all participants. 

The P250 is associated with retrieval and access to the structural representation of faces 

in memory and is sensitive to face familiarity (Caharel et al., 2007). However, such an 

effect of familiarity in P250 amplitudes was not reported in the BEIP sample and, in 

healthy adults, it has been inconsistent regarding the direction of effects (Caharel et al., 

2007; Marzi & Viggiano, 2007). In addition, given that the difference in amplitude 

between the two faces was small in the current study, this finding should be interpreted 

with caution until replication. 

As a final note regarding familiarity effects, it would have been interesting to 

analyse the differential processing of the familiar versus unfamiliar faces in this sample 
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as assessed by the Nc, given that this component has been implicated in identity 

recognition of the mother’s and a stranger’s faces (Carver et al., 2003; de Haan & 

Nelson, 1997). However, this was not possible in the current study because the Nc could 

not be reliably identified and was therefore not included in the analyses.    

There were findings suggesting similarities and differences in the age-

trajectories of ERP components between institutionalised and family-reared children. 

On the one hand, among all participants older children showed a larger and faster P400 

than younger children. In Carver and colleagues’ article (2003), even though main age 

effects were not reported, the P400 amplitudes of 24-45 month-olds were also smaller 

than those of 45-56 month-olds, although only in response to the stranger’s face.  

On the other hand, in the current study there were some age effects that were 

only seen in the institutionalised group. Namely, the P1 and P250 were faster, and the 

N170 was larger and faster, in older than younger institutionalised children—effects 

that did not occur in the family-reared group. Modest decreases in latencies to these 

components would be expected with age, but from childhood to adolescence/adulthood, 

and generally not within this age range (Kuefner et al., 2010). These findings suggest 

that within the institutionalised group there was more variation in neural maturation 

than in the family-reared group, which is consistent with behavioural data reporting 

great variability among children exposed to this type of early adverse caregiving 

(Nelson, Fox, & Zeanah, 2014). 

Along the same lines, there were a number of face-familiarity effects that were 

seen in different age groups for the institutionalised and the family-reared children. 

Specifically, the N170 was faster and the P250 larger, in all participants, for the 

caregiver than stranger’s face, however this difference was observed among older 

children in the institutionalised group and among younger children in the comparison 

group. These results suggest that some aspects of the institutionalised children’s face 

processing maturation, at least as measured by the N170 latency and P250 amplitude, 

might be delayed when compared to their family-reared peers.  

To conclude, the current work investigated the neural correlates of face 

familiarity among a group of Portuguese currently institutionalised pre-schoolers. The 

study provides further support for the hypothesis that the psychosocial neglect 

characteristic of these institutions, similarly to institutions from other parts of the world, 

is associated with alterations in neural processing of socio-emotional stimuli. In 

particular, the institutionalised group showed reduced occipital components, compared 

to children reared continuously in their birth families. This finding provides a 
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replication of previous ERP work with institutionalised children placed in Romanian 

orphanages. Crucially, our data show that these effects generalise to a very different 

context of institutional care from previous studies, given that children in this sample 

were older at admission and were living in generally good-quality institutions. Also in 

line with previous findings, and despite such pattern of smaller occipital components, 

the institutionalised children in this study showed differential processing of the familiar 

versus unfamiliar faces similarly to family-reared controls. Whether such finding 

indicates that this aspect of neural processing is not affected by institutional rearing or 

that individual differences in social behaviour need to be taken into account to reveal 

those effects remains to be clarified. Indeed, the next Chapter will address the question 

of how disturbances in social engagement related to institutional rearing modulate these 

group differences and similarities in face processing.  

 

Limitations 

A limitation that needs to be addressed is the difference in SES between 

institutionalised and comparison children, which was low in the former and mixed in 

the latter group. This might have had an undetermined impact on children’s 

neurodevelopment, for example in terms of early cognitive stimulation. A comparison 

group matched, in SES, to institutionalised children’s birth families, was not possible to 

obtain for the current study. Nevertheless, the environment to which institutionalised 

children were exposed for, at least, the past six months, was the institution, which is 

assumed to be of greater importance in accounting for neural differences between the 

groups than the SES of their birth families. 

When interpreting face familiarity effects in our study, it is important to consider 

that the presentation of photographs of a single stranger, who was not matched to each 

caregiver’s face, limits generalisation of our findings with this individual stranger (who 

could have resembled some caregivers more than others) to children’s processing of 

“strangers” faces. However, it is reassuring that some familiarity effects were seen 

among all participants equally.  
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Table 1. Participants’ descriptive statistics. 

 Control Group (n = 30) 

M (SD) 

Institutionalised Group (n = 47) 

M (SD) 

Gender 13 male; 17 female 28 male; 19 female 

Age 57.93 (10.52) 58.04 (12.39) 

Developmental age 63.89 (10.48) 56.87 (12.86) 

Developmental quotient 111.11 (10.75) 98.02 (9.89) 

 

 

 
Figure 1. The complete experimental paradigm (black bar in eyes region for anonymisation, not part of the paradigm). 
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Figure 2. Location of electrodes.
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Table 2. Behavioural performance on the Go/No-go task: percentage of correct Go responses. 

 

 

 

 

 

 

 

Table 3. Behavioural performance on the Go/No-go task: percentage of correct No-go responses. 

 

  

 

 

 

 

 

 

 

 

Age 
Institutionalised Group 

M (SD) 

Comparison Group 

M (SD) 

Total 

M (SD) 

Younger 26.71 (21.24) 50.77 (24.92) 35.91 (25.30) 

Older 75.91 (20.60) 83.33 (13.83) 78.46 (18.69) 

Total 52.43 (32.32) 66.40 (25.96) 57.49 (30.73) 

Age 
Institutionalised Group 

M (SD) 

Comparison Group 

M (SD) 

Total 

M (SD) 

Younger 82.38 (16.78) 89.23 (6.89) 85.00 (14.12) 

Older 94.87 (5.39) 91.67 (4.87)  93.77 (5.37) 

Total 88.91 (13.63) 90.40 (6.01) 89.45 (11.43) 
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Table 4. Averages of peak amplitudes (in µV) across group, condition and laterality. 

 Control Group (n = 30)  Institutionalised Group (n = 47) 

Component Caregiver’s Face 

M (SD) 

Stranger’s Face 

M (SD) 

 Caregiver’s Face 

M (SD) 

Stranger’s Face 

M (SD) 

 LH Mid RH LH Mid RH  LH Mid RH LH Mid RH 

P1 12.92 
(7.26) 

 15.41 
(7.29) 

13.64 
(6.83) 

 15.45 
(5.73) 

 11.57 
(5.85) 

 
13.46 
(6.00) 

11.21 
(5.40) 

 
13.17 
(6.01) 

N170 -11.68 
(5.46) 

 
-11.00 
(4.89) 

-9.60 
(4.66) 

 
-9.03 
(4.70) 

 -9.68 
(5.05) 

 
-9.13 
(4.95) 

-9.06 
(5.50) 

 
-8.21 
(4.76) 

P400 8.77 
(4.52) 

 
9.16 

(3.95) 
8.24 

(3.78) 
 

8.25 
(3.56) 

 8.28 
(3.91) 

 
8.04 

(4.26) 
7.99 

(3.35) 
 

7.80 
(4.20) 

P250 5.73 
(2.59) 

5.69 
(3.33) 

5.77 
(2.75) 

4.98 
(2.28) 

4.92 
(3.45) 

5.14 
(2.97) 

 5.93 
(2.30) 

6.45 
(2.94) 

6.15 
(2.59) 

5.49 
(2.69) 

5.82 
(2.84) 

5.42 
(2.63) 

Note. LH = Left hemisphere, RH = Right hemisphere, Mid = Midline. 
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Table 5. Averages of latencies to peak (in ms) across group, condition and laterality.  

 Control Group (n = 30)  Institutionalised Group (n = 47) 

Component Caregiver’s Face 

M (SD) 

Stranger’s Face 

M (SD) 

 Caregiver’s Face 

M (SD) 

Stranger’s Face 

M (SD) 

 LH Mid RH LH Mid RH  LH Mid RH LH Mid RH 

P1 154 
(19) 

 
152 
(15) 

155 
(18) 

 
158 
(16) 

 159 
(20) 

 
155 
(18) 

160 
(19) 

 
158 
(21) 

N170 250 
(14) 

 
254 
(15) 

255 
(15) 

 
258 
(17) 

 263 
(25) 

 
265 
(28) 

266 
(25) 

 
267 
(25) 

P400 391 
(46) 

 
391 
(49) 

400 
(58) 

 
387 
(45) 

 393 
(34) 

 
390 
(34) 

388 
(33) 

 
393 
(36) 

P250 250 
(21) 

250 
(21) 

252 
(22) 

254 
(17) 

256 
(18) 

256 
(19) 

 264 
(25) 

262 
(26) 

265 
(25) 

265 
(30) 

260 
(31) 

264 
(25) 

Note. LH = Left hemisphere, RH = Right hemisphere, Mid = Midline. 
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Figure 3. Grand means of ERPs exhibited by the Control Group (CG) and the Institutionalised Group (IG) for each condition, over the fronto-central 
electrodes. Amplitude in µV is listed on the y-axis and latency in ms is listed on the x-axis. The top-left graph corresponds to the FC1 (left 
hemisphere), the top-right graph to the FC2 (right hemisphere), and the bottom graph to the Fz (midline).  
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Figure 4. Grand means of ERPs exhibited by the Control Group (CG) and the Institutionalised Group (IG) for each condition, over the parieto-
occipital electrodes. Amplitude in µV is listed on the y-axis and latency in ms is listed on the x-axis. The top graphs correspond to the O1 and O2 
electrodes (left and right hemispheres, respectively), and bottom graphs correspond to the PO9 and PO10 electrodes (left and right hemispheres, 
respectively).  
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Figure 5. Grand means of ERPs exhibited by the Control Group (CG) and the Institutionalised Group (IG) regardless of condition, over the PO9 (on 
the left) and PO10 (on the right) electrodes. Amplitude in µV is listed on the y-axis and latency in ms is listed on the x-axis.  
 

     

 

Figure 6. Grand means of ERPs exhibited by the Control Group (CG) and the Institutionalised Group (IG) for each age-group, over the PO9 (on the 
left) and PO10 (on the right) electrodes. Amplitude in µV is listed on the y-axis and latency in ms is listed on the x-axis.  
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Figure 7. Grand means of ERPs exhibited by the Control Group (CG) and the Institutionalised Group (IG) for each age-group over the Fz electrode: 
for the Caregiver’s face (top-left graph), for the Stranger’s face (top-right graph), and regardless of condition (bottom graph). Amplitude in µV is listed 
on the y-axis and latency in ms is listed on the x-axis.  
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Figure 8. Topographic maps representing the P1, N170, and P400 for each group, regardless of condition. The Control Group (CG) is on the left and 
the Institutionalised Group (IG) is on the right for each of the three time windows.
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Chapter 6 

 

Neural Correlates of Face Familiarity in Portuguese Institutionalised Children 

with Indiscriminate Social Behaviour 

 

Introduction 

Early institutionalisation, which generally entails exposure to at least some form 

of psychosocial neglect, is known to hinder multiple aspects of children’s development. 

The socio-emotional realm is perhaps the most affected and resistant to change 

following institutionalisation (Bakermans-Kranenburg et al., 2011). Indeed, one of the 

most well-documented sequelae of this early adverse experience is the display of 

inappropriately indiscriminate social behaviour directed toward both familiar and 

unfamiliar adults. Despite extensive evidence linking this phenotype with 

institutionalisation, little is known about how such early adversity becomes biologically 

embedded and neurally instantiated. Here we thus explore the neurobiological bases of 

indiscriminate social behaviour to elucidate effects of institutionalisation on brain 

development.  

Socially disinhibited or indiscriminate behaviour (IB) is a pattern of 

indiscriminate friendliness and lack of selectivity in proximity to and comfort-seeking 

of adults (i.e. diffuse for caregivers and strangers), with an absent wariness of strangers 

and disregard for social, physical or verbal boundaries. The DSM-V (American 

Psychiatric Association, 2013) labels this behavioural pattern of Disinhibited Social 

Engagement Disorder (DSED), specifying its aetiology as involving the experience of 

insufficient care. As such, this disordered behaviour is distinguished from Attention-

Deficit/ Hyperactivity Disorder (ADHD) and Reactive Attachment Disorder (RAD)—

and for two reasons. First, behaviour indicative of DSED is not limited to impulsivity 

(as in ADHD) but includes socially disinhibited behaviour. Second, whereas 

disinhibited/indiscriminate and emotionally-withdrawn/inhibited behaviour were once 

considered two different presentations of the same underlying Reactive Attachment 

Disorder (RAD; American Psychiatric Association, 1987, 2000), the most recent 

version of DSM (DSM-V, American Psychiatric Association, 2013) distinguishes the 

inhibited form, which retains the RAD label, and the disinhibited/indiscriminate form, 

which is considered a disorder of the social realm and labelled DSED.  

Notwithstanding conceptualisations of IB as indicative of disturbances in 

attachment or social engagement (for a recent discussion see Lyons-Ruth, 2015; Zeanah 
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& Gleason, 2015), there is clear evidence that IB is linked to institutional rearing or 

multiple foster placements. These rearing environments are extremes of species-atypical 

experiences, in that they deprive children from consistent access to individualised and 

responsive caregiving from one (or a few) dedicated adult(s). Indeed, IB has been 

consistently reported in different institutionalised samples, with varying levels and types 

of deprivation (e.g., Chisholm, 1998; O'Connor, Rutter, & The ERA Study Team, 2000; 

Tizard & Rees, 1975; Zeanah, Smyke, & Dumitrescu, 2002). In currently 

institutionalised infants, a presentation of significant levels of IB has been found to be 

very frequent. For example, researchers from the Bucharest Early Intervention Project 

(BEIP) reported that in the group of children receiving standard care in a Romanian 

orphanage, rates of IB (assessed by interviewing the caregiver) were as high as 69% 

(Zeanah et al., 2002); notably, this rate was halved—while remaining rather high—

among children placed in a pilot unit of the institution that offered more consistent 

caregiving (i.e., children were cared by fewer different caregivers). These numbers 

make clear that more individualised care can attenuate, even if not eliminate IB. In a 

study with Portuguese institutionalised infants, half of them manifested IB, based on an 

observational measure (the Rating of Infant and Stranger Engagement [RISE]; Oliveira 

et al., 2012), a rate which proved almost double that derived from interviewing 

caregivers about children’s behaviour (unpublished data of authors). Among older, 

institutionalised pre-schoolers, lower yet still elevated levels of IB have been reported, 

with rates ranging from about 11 to 18% (Gleason et al., 2011; O'Connor, Bredenkamp, 

Rutter, & the ERA Study Team, 1999). It would be a mistake, however, to reify these 

IB rates among institutionalised children given the fact that investigators have used 

different measurement instruments with non-standard clinical cut-off criteria. 

Nevertheless, it remains the case that there is considerable agreement regarding what 

behaviour is indicative of IB, as well as considerable convergence between measures of 

IB within (Bruce, Tarullo, & Gunnar, 2009; Gleason et al., 2011; Oliveira et al., 2012) 

and between (Zeanah et al., 2002) studies. This, no doubt, helps explain why elevated 

rates of IB associated with institutionalisation are repeatedly documented in the 

literature.  

Importantly, research on IB extending beyond the “social address” of being 

family or institutionally reared has considered the specific effects of timing and duration 

of institutionalisation. In post-institutionalised children who had been exposed to 

severely deprived institutions in Romania and subsequently adopted into the UK and 

Canada (Chisholm, Carter, Ames, & Morison, 1995; O'Connor et al., 1999; O'Connor et 
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al., 2000), IB proved more prevalent when the experience of institutionalisation 

extended beyond 4-6 months of age. Beyond this age there was evidence of a “dose-

response” effect, with longer institutionalisation associated with more IB. This linear 

association of IB with length of institutionalisation was subsequently replicated in a 

sample of internationally adoptees from East Europe and Asia (Bruce et al., 2009). 

Nevertheless, it need to be pointed out that in the English and Romanian Adoptees’ 

project (ERA; O'Connor et al., 2000), duration of institutionalisation varied 

substantially in children displaying moderate to severe IB, and that some children who 

experienced prolonged deprivation (i.e., up to two years) did not exhibit IB. Clearly, 

there is evidence, even if not perfectly consistent, that longer duration 

institutionalisation and poorer quality of care are related to greater IB.  

Regardless of variability in the effects of timing and dosage of exposure to 

institutional rearing, it is striking how individual differences in IB tend to persist across 

time, proving stable sometimes well into the post-adoption years (Chisholm, 1998; 

Gleason et al., 2011; Kreppner et al., 2010; O'Connor et al., 2000). The persistence of 

IB after the major change in children’s environment that is adoption, as well as the 

likely existence of a sensitive period for the emergence of IB, make a strong case for the 

important role of neural substrates as a mediator between the environmental exposure 

and the emergence and/ or maintenance of such behaviour. To clarify, the prolonged 

exposure to the adverse environment is presumed to have an effect on brain structure 

and functioning such that it allows the individual to adapt to the environmental 

circumstances (such as displays of IB in response to exposure to the high rate of 

caregiver turnover that characterises institutional life; Marshall & Kenney, 2009; Rutter 

& O’Connor, 2004). This neurobiological response, operating at a sensitive period in 

development, is hypothesised to operate as an experience-adaptive programming and 

explain why IB persists after changes in environment (Rutter et al., 2007; Rutter & 

O’Connor, 2004). Understanding these effects resulting from the biologically 

embedding of early experiences at the level of brain structure and function is an 

important goal for developmental neuroscience.  

 There is already substantial evidence of alterations in the neurodevelopment of 

institutionalised children. Indeed, reports of anatomical and functional differences, in 

comparison to family-reared children, are accumulating rapidly (Behen et al., 2009; 

Chugani et al., 2001; Eluvathingal et al., 2006; Gee et al., 2013; Govindan, Behen, 

Helder, Makki, & Chugani, 2010; Maheu et al., 2010; Mehta et al., 2009; Sheridan, Fox, 

Zeanah, McLaughlin, & Nelson, 2012; Tottenham et al., 2011; Tottenham et al., 2010). 
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In regard to electroencephalogram (EEG) and Event-Related Potentials (ERP), there is 

growing evidence of cortical hypoactivation among institutionalised children (Marshall, 

Fox, & the BEIP Core Group, 2004; Moulson, Fox, Zeanah, & Nelson, 2009a; 

Moulson, Westerlund, Fox, Zeanah, & Nelson, 2009b; Parker, Nelson, & The BEIP 

Core Group, 2005a, 2005b; Tarullo, Garvin, & Gunnar, 2011; Vanderwert, Marshall, 

Nelson, Zeanah, & Fox, 2010). ERP recordings while children visualised faces showed 

that, despite the pattern of general hypoactivation of the institutionalised children, their 

differential processing of unfamiliar and familiar faces was identical to that of the 

family-reared controls (Moulson et al., 2009b; Parker et al., 2005a). 

 However, the clinical heterogeneity of children raised in institutions suggests 

that different neural mechanisms may be at play in different behavioural presentations; 

therefore we hypothesise that this is masking consistent brain-based associations with 

exposure to institutional rearing. Indeed, existing investigations did not take into 

account the potentially important presence of IB, and given that this is a frequent and 

persistent effect of institutional care we propose that it should be taken into account if 

we are to more clearly understand the neural markers of early institutionalisation. In 

addition to this more general research question, an understanding of the neural 

correlates of IB has the potential to illuminate its meaning at a level that precedes 

behaviour.  

 To date, the neural substrates of IB have been investigated in two studies with 

post-institutionalised, international adoptees, one using EEG and another using 

functional Magnetic Resonance Imaging (fMRI). Tarullo and colleagues (2011) found 

that post-institutional adoptees’ IB at 36 months was predicted by an increased 

concentration of spectral power in the low-frequency theta band and reduced absolute 

high-frequency alpha power both measured at 18 months. These results indicate that a 

pattern of neural hypoactivation among children with histories of adverse early care 

predicts IB. In the second study Olsavsky and colleagues (2013) reported that adopted 

youth showed reduced amygdala differentiation in response to photographic displays of 

the mother’s and a stranger’s face, compared to family-reared controls, and that this 

lack of face discrimination was associated with elevated IB levels. 

Until recently, no accounts of ERP correlates of behaviour indicative of 

attachment or social engagement disturbances in institutionalised children have been 

published. As part of the larger project where this thesis is inserted, a brief report by our 

team (Mesquita et al., 2015) reported preliminary findings of such investigation for the 

first time. (NB: Please refer to the introduction of the Empirical Paper 2 of this thesis, 
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Chapter 5, for a description of the ERP components commonly analysed in the study of 

face processing.) Results revealed, first, that institutionalised children who presented 

atypical social behaviour (based on the caregiver’s report) displayed a reduced P1 

amplitude relative to similarly reared children who did not present such behaviour. 

Because the P1 is an early positive posterior component reflecting an early sensory 

response to visual stimuli (Luck, 2005), this result indicates that atypical social 

behaviour is associated, in this sample, with reduced activation of a marker of visual 

processing.  

In a second set of analyses contrasting institutionalised children displaying 

“opposite” presentations of atypical social behaviour, evidence indicated that children 

with IB failed to discriminate the caregiver’s from the stranger’s face across the 

different ERP components included (i.e., the P1, N170 and P400), while children 

presenting inhibited behaviour showed a larger N170 in response to the caregiver’s than 

the stranger’s face (which is the opposite pattern found in typically developing children, 

Todd, Lewis, Meusel, & Zelazo, 2008; but see Moulson et al., 2009b). The absence of 

signs of differentiation between the two faces in children with IB suggests atypical 

processing in this subgroup when compared to the literature reviewed above contrasting 

institutionalised children from the BEIP with their family-reared peers. To conclude, 

even though this preliminary report provided initial evidence of altered neural patterns 

in institutionalised children with IB, the ERPs of these children were compared to those 

of institutionalised children with inhibited behaviour, therefore it remains to be 

established how such patterns will compare to institutionalised children without IB and 

to family-reared controls. 

According to the background provided and to gaps in the literature in the 

investigation of the neural correlates of IB, compared to institutionalised children 

without IB and to family-reared controls, the current study presents the second part of 

the analysis aiming to address such gaps. This report will build on the comparison 

presented in the previous Chapter of this thesis (Empirical Paper 2, Chapter 5) between 

the institutionalised children and the family-reared controls. Recall that in Chapter 5 we 

found that this group of institutionalised children showed longer latencies to most 

components and reduced amplitudes in occipito-temporal components, namely the P1, 

the N170, and, to a lesser extent, the P400, than family-reared children. Therefore, in 

showing smaller amplitudes in these components than the family-reared group, the 

institutionalised children appear to demonstrate signs of neural hypoarousal while 

visualising faces, in agreement with the BEIP results. Similarly to findings from the 
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BEIP (Moulson et al., 2009b) our comparison of institutionalised with family-reared 

children presented in Chapter 5 did not detect group differences in P250 amplitudes. 

Regardless of the pattern of overall hypoarousal in occipito-temporal components seen 

in our sample of institutionalised children reported in Chapter 5, they showed identical 

markers of face familiarity discrimination to the comparison group. Specifically, all 

participants showed larger N170 and P250 amplitudes in response to the caregiver’s 

than the stranger’s face.  

In the sequence of these findings resulting from the comparison between 

institutionalised and family-reared children (Chapter 5), the current study will test if the 

presence of reliably identified IB (based on both interview and observational data) 

modulates such results. In order to do that, this within-group study will focus on the 

institutionalised children and compare those who presented IB to institutionalised 

children who did not present such behaviour—while excluding children with marked 

inhibited behaviour. 

Accordingly, we had two hypotheses. Firstly, we expected that children with IB 

would show reduced amplitudes in occipital components, when compared to children 

who did not display IB. This is based on the hypothesised role of IB in (partly) 

explaining the institutionalised children’s hypoactivation, when compared to family-

reared age-mates, that we reported previously (Chapter 5), and which is also in 

agreement with EEG findings with post-institutionalised children (Tarullo et al., 2011). 

Secondly, in line with previous findings (Mesquita et al., 2015; Olsavsky et al., 2013) 

and consistent with the apparently equal treatment and affective engagement of stranger 

and caregiver shown by indiscriminate children (e.g., during the RISE), we expected to 

find a lack of neural differentiation between the caregiver’s and stranger’s faces in the 

ERPs of children displaying IB, but not the remaining institutionalised children.  

The ERP components used in this study were the same as those presented in 

Chapter 5; please refer to that Chapter for a description of these components. 

 

Method 

Participants 

 This study is part of a larger research project on the development of Portuguese 

institutionalised children. After approval by the Portuguese Social Services and the 

National Commission for Data Protection, the larger project was presented to the staff at 

each institution. At recruitment, participants were identified as all children aged 3-6 

years old who had not yet entered primary school, and who did not suffer from 
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moderate to severe mental or physical impairments, genetic syndromes or autism 

spectrum disorders (ASD). Written informed consent was requested from institution 

directors, biological parents, and participating caregivers. Of the 100 children identified 

as potential participants (Note: data collection for the broad project continued after this 

point), parental consent was not obtained for 5 children; 5 met exclusion criteria evident 

after entry in the study (related to physical health, mental development <70 or ASD); 15 

children left the institution (for adoption or family placement) without completing the 

ERP assessment; EEG recording was impossible for 2 children because of their hair, 

and 7 children refused to undergo the ERP testing entirely. Of the 66 participants who 

underwent ERP testing, 19 had insufficient usable data due to excessive noise in the 

EEG or less than 20 good trials per condition.  

 Thus the final sample for analysis was composed of 47 children (28 boys), who 

were 36–83 months old (M = 58.04, SD = 12.39) and came from 20 institutions. There 

were 7 pairs of siblings. The majority of children (n = 39) were Caucasian, 4 were 

African-Portuguese, 2 were African, and 2 had another ethnicity. Children were 

admitted to the institution between 3 to 69 months of age (M = 36.28; SD = 15.51), 

mostly because of neglect (79%). Children had been institutionalised for 5 to 56 months 

(M = 21.45; SD = 14.82). Every child participated with their institutional caregiver, who 

was identified, in consultation with the institutional staff, as the child’s favourite 

caregiver at the institution. If such a caregiver could not be identified, the one most 

familiar with the child and involved in his/her daily routines participated with them. 

Participating caregivers were 37 in total and all female (6 participated with more than 

one child). 

 

Measures  

 The Disturbances of Attachment Interview (DAI; Smyke & Zeanah, 1999) is 

a semi-structured interview addressing 12 items designed to evaluate the presence of 

signs of disordered attachment. For each item, the interviewer asks multiple questions 

and follow-up probes sufficient to yield a rating of 0, 1 or 2 according to the degree of 

evidence of disturbed or disordered attachment. The first five items of the interview 

address signs of emotionally withdrawn/ inhibited attachment disturbance. These items 

address how well the child differentiates among adults and demonstrates a clear 

preference for a particular caregiver, how much a child seeks comfort from a preferred 

caregiver, how much a child responds to comforting when it is offered, whether the 

child responds reciprocally in interactions, and how well the child regulates emotions. 
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The next three items address signs of disinhibited behaviour. These items concern 

whether the child checks back with the caregiver in unfamiliar settings or tends to 

wander off without purpose, whether the child shows initial reticence around strangers 

or readily approaches unfamiliar individuals, and whether the child would readily go off 

with an unfamiliar adult. The last four items of the interview, which address signs of 

secure-base distortions, were not used in the current study. A large sub-set of the 

interviews was rated by two independent coders (n = 37, 79%); discrepancies were 

resolved by conferencing, leading to a consensus for each item. Cohen’s kappa for the 

inhibited items was satisfactory (M = .63, range = .52 ‒.69) and good for the 

indiscriminate items (M = .75, range = .69 ‒.84). 

 

 The Rating of Infant and Stranger Engagement (RISE; Riley, Atlas-Corbett, 

& Lyons-Ruth, 2005) codes children’s attachment-related forms of engagement with the 

stranger, over all eight episodes of the Strange Situation Procedure (SSP). A small 

change was implemented in the administration of the SSP version for preschool children 

(Cassidy & Marvin, 1992): regardless of the child’s age, the stranger always entered the 

room twice, in order to provide more information for the RISE coding. The RISE 

evaluates both the extent of the child’s affective engagement with the stranger compared 

to the caregiver, and the extent to which the child displays non-normative acceptance of 

physical contact or response to soothing from the stranger, resulting in a singular rating 

on a 9-point scale (for an extended description see Oliveira et al., 2012). A score of 5 or 

above is considered to indicate that the child displays IB. Because this instrument was 

originally developed to assess IB in infants, an adaptation to the preschool years 

(Oliveira et al., 2013) involved consideration of alternative demonstrations of the 

criteria for each score that were developmentally appropriate (e.g., a greater importance 

of verbal initiations of interaction). Inter-rater agreement based on 44 cases was very 

good for both the continuous scores (ICC = .94) and classifications above and bellow 

the cut-off of 5 (kappa = .82). 

 

 The Griffith’s Mental Development Scales (Griffiths, 1984) assess various 

areas of development by means of six subscales. A global quotient reflecting general 

developmental level was, in this sample, M = 98.02 (SD = 9.89). 
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Constitution of groups 

 Children who scored above the cut-off point on the RISE (i.e. a score of ≥5) OR 

the DAI-disinhibited (i.e. a score of 2 on at least one item) constituted the 

indiscriminate group. The RISE identified the same and more children as indiscriminate 

than the DAI-disinhibited (n = 21), except for two children who were identified by the 

DAI-disinhibited but not by the RISE (however these children had relatively high RISE 

scores, namely 4 and 4.5). In order to account for the confounding presence of inhibited 

attachment disorder, the DSM-V criteria for RAD were applied, using the DAI-inhibited 

scores, to identify the inhibited children. Specifically, children who scored above the 

cut-off point in at least one of the first three items of the DAI were deemed inhibited—

which occurred for 6 children. In 3 of them, inhibited behaviour co-occurred with IB on 

the RISE or DAI. The other 3 children met criteria for inhibited behaviour but did not 

score above the cut-off point on any of the measures of IB, and therefore were deemed 

“purely inhibited” and were excluded from further analyses. Therefore, the final sample 

was composed by 44 institutionalised children, with 21 in the Non-Indiscriminate 

Behaviour group (N-IBg) and 23 in the Indiscriminate Behaviour group (IBg)—see 

Table 1. 

 The N-IBg and the IBg did not differ in age, sex, developmental age, 

developmental quotient or age at admission to the institution (in all comparisons p > .1). 

Surprisingly, however, the N-IBg had been institutionalised for longer, compared to the 

IBg, t (42) = 2.10, p = .042. Because age at admission and length of time in institutional 

care varied substantially within and across these groups, age at admission was treated as 

a covariate in all analyses, and the groups were divided in two subgroups according to 

the time they had spent in the institution, by a median split (< 18 versus ≥ 18 months).   

 See Appendix 1 for a description of an alternative constitution of groups. 

 

EEG recording and ERP task 

 Task stimuli 

 Photographs of the child’s caregiver and one female stranger, posing neutral and 

two emotional expressions, were used as stimuli. However, only neutral faces were used 

for the current study. The caregiver was asked to wear her hair as she usually did and, if 

she wore glasses, to leave them on. The same single stranger’s pictures were used for 

every child, due to practical impossibility of editing and matching the caregiver’s 

photos beforehand. The photographs were edited using Adobe Photoshop CS5 to 

standardise the background, size, brightness and contrast characteristics. Photographs 
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were resized to 217 and 180 pixels in height and width, respectively, to avoid ocular 

movements across the screen. Each trial began with the presentation of a fixation cross 

for 400 ms, followed by the face (stranger or caregiver, posing a neutral, happy or angry 

expression), which remained on the screen for 1000 to 1500 ms (randomised duration). 

Then, a frame filled with either circles or stripes appeared around the face, as a cue for 

“go” or “no-go” response (counterbalanced across participants). In correct “go” trials 

the stimulus (face and frame) disappeared automatically when the participant pressed 

the button, while in correct “no-go” trials the stimulus remained for 1500 ms before 

disappearing. If the button was not pressed in the 600–1000 ms after the presentation of 

the face in “go” trials or was incorrectly pressed in “no-go” trials, a red cross appeared 

and remained on the screen for 700 ms. In total the task consisted of 360 trials, with the 

presentation of the stranger or the caregiver’s face in a semi-random order (of these, 60 

caregiver and 60 stranger faces had a neutral expression), with 180 “go” and 180 “no-

go” trials with an inter-trial interval of 1000 ms. The latter component of the task from 

the moment the frame appeared around the face (i.e. cuing the go/no-go response) was 

not included in the analyses of familiarity presented in this report. This task was 

designed according to Todd and colleagues (Todd et al., 2008) (see Figure 1). The 

Presentation (Neurobehavioral Systems Inc) software was used to create and present 

this face processing go/no-go task. 

 

 Task procedure 

 Children visited the laboratory with their caregiver for this assessment. The 

child was seated in front of the computer screen, at a distance of 100 cm, with their eyes 

approximately at the midpoint of the screen. A brief training procedure with other faces 

as stimuli was conducted prior to the task to ensure that the child understood the 

instructions. A researcher remained in the room monitoring and recording the child’s 

behaviour, including eye movements and the quality of the EEG signal. If necessary, the 

researcher coached the child to maintain attention or remain still. The caregiver also 

remained in the room, behind the child. The experimental paradigm, with a total 

duration of 30 minutes, was divided into three 10-minutes blocks, with a few minutes 

interval between them (mostly for resting and recovering alertness). Recordings were 

conducted for the total duration of the task unless the child became too fussy, too 

sleepy, or refused to continue.  

 

 EEG recording 
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 The EEG was recorded with Brain Vision Recorder system using a Quickamps 

amplifier with 32 sintered Ag/AgCl electrodes placed at Fp1, Fp2, F7, F3, Fz, F4, F8, 

FC5, FC1, FC2, FC6, C3, Cz, C4, CP5, CP1, CP2, CP6, T7, T8, TP9, TP10, P7, P3, Pz, 

P4, P8, PO9, PO10, O1, Oz, O2 (according to the extended 10–20 International 

System). The average of all electrodes was used as reference and the system was 

grounded with an electrode placed at AFz. Moreover, vertical and horizontal 

electrooculographic activity was recorded bipolarly from above and below one eye and 

the outer edges of the two eyes, respectively, to measure eye movements and blinks. 

Electrode impedances were considered acceptable if they were at or below 10 kΩ. EEG 

signals were continuously amplified and digitized at a rate of 250 Hz, and filtered on-

line with a 0.3–70 Hz band pass filter. 

 

 EEG processing and statistical analysis 

 The EEG data were analysed with Brain Vision Analyzer software (Version 

2.0.1). The EEG data were corrected for ocular artifacts (ICA; Jung et al., 2000) and 

digitally filtered off-line with a 0.1–30 Hz bandpass filter and notch filter (50 Hz). 

Subsequently, the EEG was segmented into epochs of 1100 ms, from 100 ms pre- to 

1000 ms post-stimulus after face stimuli. The data were baseline-corrected to 100 ms 

before face onset, and segments exceeding +/- 100 µV at any scalp electrode were 

rejected. Finally, corrected artifact-free trials were averaged for each subject in each 

condition (neutral caregiver, neutral stranger). Components of interest and expected 

respective windows for this age range were selected based on the literature and our own 

data. The averaged ERPs were analysed with a semiautomatic peak detection procedure 

at the corresponding electrodes for each component, and all components were 

individually checked. Three occipital components, namely P1, N170, and P400, and one 

frontocentral component, the P250, were detected. The P1, N170 and P400 components 

were identified and marked as, respectively, the largest positive peak between 80–

200ms after stimuli onset, the largest negative peak between 180–360ms, and the largest 

positive peak between 300–500ms, at electrode sites O1 and O2 (occipital), and PO9 

and PO10 (parieto-occipital). The P250 component was identified and marked as the 

largest positive peak between 180–350ms, at FC1, FC2, Fz, F3 and F4 electrodes; FC1 

and F3 electrodes (left leads) and FC2 and F4 electrodes (right leads) were collapsed to 

obtain a mean for left and a mean for right activity, respectively. Please refer to the 

Figure 2 of Chapter 5 for the location of all electrodes.   
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 For each of the components, two repeated measures analyses of variance with a 

mixed design were computed, one with peak amplitude (in µV) and the other with 

latency to peak (in ms) as dependent variables. Outliers were transformed with the 

winsorising method. Levene’s tests of homogeneity of variances, Box’s tests of equality 

of covariance, and (when appropriate) Mauchly’s test of sphericity (with corresponding 

Greenhouse Geisser alternative p values) were checked. For each analysis of the P1, 

N170 and P400 the within-subjects factors were face (caregiver; stranger), region 

(occipital; parieto-occipital) and laterality (left; right). For the P250 the within-subjects 

factors were face (caregiver; stranger), and laterality (left; right; midline). For all 

components the between-subjects factors were group (N-IBg; IBg) and 

institutionalisation length (short; long). Age at admission was added as a covariate. 

Significant interactions were followed-up with post-hoc t-tests with a Bonferroni 

correction for multiple comparisons.  

 

Results  

 Results for the peak and latency measures of the four ERP components are 

reported in turn.  

P1 

Peak: There were no main effects for P1 peak amplitude. 

However, there was a Group x Face interaction, F (1, 39) = 4.14, p = .049. Post-

hoc tests and inspection of the plots and means indicated that the N-IBg had a larger P1 

than the IBg in response to the caregiver’s face, F (1, 39) = 4.28, p = .045, which failed 

to reach significance in the stranger’s face condition, F (1, 39) = .20, ns. In addition, the 

discrimination of faces in P1 amplitude (caregiver > stranger) was only seen in the N-

IBg, F (1, 39) = 5.00, p = .031, and not in the IBg, F (1, 39) = .36, ns. 

There were marginally significant interactions of Group x Region x Laterality, F 

(1, 39) = 3.98, p = .053, and Group x Region x Laterality x Face, F (1, 39) = 2.90, p = 

.097. Inspection of the post-hoc tests and means suggested that the N-IBg had a 

particularly larger P1 than the IBg on the parieto-occipital electrodes, over the left 

hemisphere, for the caregiver’s face, F (1, 39) = 5.99, p = .019 (in all other comparisons 

p > .09). In addition, a discrimination of faces in P1 amplitude (caregiver > stranger) 

was only significant in the N-IBg, in the parieto-occipital electrodes, in both the right, F 

(1, 39) = 10.27, p = .003, and left, F (1, 39) = 4.44, p = .042, hemispheres. Lastly, the 

post-hoc tests also indicated that, regardless of face, while the N-IBg showed a right 

hemisphere asymmetry in the occipital electrodes, F (1, 39) = 4.55, p = .039, the IBg 
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showed a right hemisphere asymmetry in the parieto-occipital electrodes, F (1, 39) = 

9.45, p = .004.  

Finally, there was an Institutionalisation length x Laterality interaction, F (1, 39) 

= 4.59, p = .038. Inspection of the post-hoc tests and means indicated that only among 

children institutionalised for a shorter period (<18 months) was there a significant 

hemispheric asymmetry, with greater P1 amplitudes over the right than left hemisphere, 

F (1, 39) = 13.01, p = .001, while this difference was insignificant in children 

institutionalised for longer, F (1, 39) = .52, ns. See Table 2. 

 

Latency: There was a main effect of Region for latency to peak, F (1, 39) = 6.50, 

p = .015, indicating that the P1 was faster in the occipital than the parieto-occipital 

electrodes.  

There was a marginally significant Group x Institutionalisation length x Face 

interaction, F (1, 39) = 2.93, p = .095, which was qualified by a Group x 

Institutionalisation length x Face x Region interaction, F (1, 39) = 5.33, p = .026 and a 

Group x Institutionalisation length x Face x Laterality interaction, F (1, 39) = 4.24, p = 

.046. Inspection of the post-hoc tests and means indicated that, among children 

institutionalised for longer (≥18 months) the N-IBg had faster P1 latencies than the IBg 

on the occipital electrodes for the caregiver’s face, F (1, 39) = 5.52, p = .024 (in all 

other comparisons p > .1). Also, only among the N-IBg, those who had been 

institutionalised for longer periods had a faster latency to P1 for the caregiver’s face 

than those who had been institutionalised for shorter periods, over the occipital 

electrodes, F (1, 39) = 5.46, p = .025 (in all other comparisons p > .1). There were no 

significant effects of hemisphere. See Table 3 and Figures 3 and 5-7. 

 

N170 

Peak: There was a main effect of Region for peak amplitude, F (1, 39) = 6.11, p 

= .018, indicating that the N170 was larger in the parieto-occipital than the occipital 

electrodes.  

This was qualified by a Face x Region interaction, F (1, 39) = 8.11, p = .007. 

Inspection of the post-hoc tests and means indicated that, for all participants, the N170 

was larger in response to the caregiver’s face than the stranger’s in the parieto-occipital 

electrodes, F (1, 39) = 8.73, p = .005, but not in the occipital ones, F (1, 39) = .31, ns. 

See Table 2. 
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Latency: There was a main effect of Region for latency to peak, F (1, 39) = 6.10, 

p = .018, indicating that the N170 was faster in the occipital than the parieto-occipital 

electrodes.  

There were both marginally significant interactions of Group x 

Institutionalisation length x Face, F (1, 39) = 3.72, p = .061 and Group x 

Institutionalisation length x Laterality, F (1, 39) = 3.34, p = .075. Inspection of the post-

hoc tests and means suggested that only children in the N-IBg who had been 

institutionalised for longer showed a faster latency to the caregiver’s face than the 

stranger’s, F (1, 39) = 5.13, p = .029, while no differences were seen in IBg children 

institutionalised for similar periods, F (1, 39) = .29, ns. There were no significant effects 

of hemisphere. See Table 3 and Figures 3 and 5-7. 

 

P400 

Peak: There was a main effect of Group for peak amplitude, F (1, 39) = 4.11, p 

= .049, indicating that the P400 was larger in the N-IBg than the IBg. 

This was qualified by a Group x Institutionalisation length x Laterality 

interaction, F (1, 39) = 6.54, p = .015 and a marginally significant Group x 

Institutionalisation length x Laterality x Face interaction, F (1, 39) = 3.79, p = .059. 

Inspection of the post-hoc tests and means indicated that the N-IBg had a larger P400 

than the IBg particularly on the right hemisphere and among children who had been 

institutionalised for shorter periods, F (1, 39) = 7.30, p = .010 (in all other comparisons 

p > .1). This effect was more significant in response to the caregiver’s face than the 

stranger’s, F (1, 39) = 8.88, p = .005 and F (1, 39) = 3.84, p = .057, respectively. 

Lastly, there was a Region x Laterality interaction, F (1, 39) = 4.46, p = .041, but 

it was not significant on follow-up. See Table 2. 

 

Latency: There were no main effects for latency to P400. 

However, there was a Group x Region x Face interaction, F (1, 39) = 5.30, p = 

.027. Inspection of the post-hoc tests and means indicated that the IBg showed a faster 

latency to P400 in response to the caregiver’s face than the stranger’s over the occipital 

electrodes, F (1, 39) = 4.56, p = .039. No such effect was seen in the N-IBg but their 

mean latencies were in both regions slightly faster for the stranger’s face, however these 

values failed to reach statistical significance (p > .1 in all comparisons). See Table 3 and 

Figures 3 and 5-7. 
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P250 

Peak: There were no main effects for P250 peak amplitude. 

However, there was a marginally significant Group x Institutionalisation length 

x Face interaction, F (1, 39) = 2.92, p = .095. Inspection of the post-hoc tests and means 

suggested that it was children in the IBg who had been institutionalised for shorter 

periods who differentiated faces, showing a larger P250 in response to the caregiver’s 

than the stranger’s face, F (1, 39) = 5.66, p = .022 (in all other comparisons p > .1). See 

Table 2. 

 

Latency: There were no main effects for latency to P250. 

However, there was a Group x Institutionalisation length x Face interaction, F 

(1, 39) = 6.73, p = .013. Inspection of the post-hoc tests and means indicated that it was 

children in the IBg who had been institutionalised for shorter periods that showed a 

faster latency to P250 in response to the caregiver’s face than the stranger’s, F (1, 39) = 

6.64, p = .014; in contrast, no such effect was seen in children in the N-IBg who had 

been institutionalised for similar periods, whose mean latencies actually indicated a 

faster latency to the stranger’s face than the caregiver’s, however that difference was not 

significantly different, F (1, 39) = 2.28, ns. 

There was also a Group x Laterality interaction F (2, 38) = 3.56, p = .040. 

Inspection of the post-hoc tests and means indicated that only the N-IBg showed a faster 

latency to P250 over the midline when compared to the right and left hemispheres, F (2, 

38) = 4.57, p = .017, while the IBg did not show such effect, F (2, 38) = .18, ns. See 

Table 3 and Figures 2 and 4. 

 

Discussion 

 The aim of the current study was to investigate whether intra-group individual 

differences in displays of indiscriminate behaviour (IB) modulate previously reported 

differences in neural activation patterns between institutionalised and family-reared 

children. In order to achieve this, institutionalised children who presented IB—

according to their caregiver’s report and laboratory observations—were compared to 

institutionalised children who did not present IB. The first hypothesis was that children 

presenting IB would show blunted ERP occipital components in comparison to children 

who did not present such behaviour, reflecting a pattern of hypoarousal. The second 

hypothesis was that children with IB, but not the remaining institutionalised children, 
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would fail to discriminate the faces of the caregiver and the stranger at the neural level, 

consistent with their behavioural characterisation.  

 The first hypothesis of hypoactivation in children with IB received support. 

Indeed, indiscriminate children showed reduced amplitudes compared to non-

indiscriminate children in two occipital components. Specifically, the indiscriminate 

children, relative to their non-indiscriminate counterparts, had a smaller P1 in response 

to the caregiver’s face, and a smaller P400 overall. These findings suggest that the 

previously reported hypoactivation in institutionalised children (Moulson et al., 2009a; 

Moulson et al., 2009b; Parker et al., 2005a, 2005b) is most characteristic of those who 

have developed this atypical profile of engagement with adults. IB, characterised by an 

indiscriminate approach of strangers, is one of the most frequent and persistent effects 

of early institutional rearing, associated with long-term impairments in social 

development (Hodges & Tizard, 1989; Kreppner et al., 2010). Therefore it is not 

surprising, although very informative, that such behavioural sequelae of 

institutionalisation also manifest themselves at the neural level. Nevertheless, these 

findings do not allow inferences about causation, given that institutionalisation is 

associated with both IB and neural hypoactivation and they cannot be teased apart from 

a temporal order perspective in this inquiry.  

 The smaller ERP amplitudes of children with IB—in comparison to their non-

indiscriminate counterparts—emerged in both P1 and P400 components. A reduced P1 

amplitude could reflect deficits in the sensory stage of visual perception or in selective 

attention (Caharel et al., 2007). A blunted P1 was found in this institutionalised sample, 

as a group, in comparison to same-age family-reared children (Chapter 5). The same 

result was also obtained in institutionalised children from the BEIP, in comparison to 

the never-institutionalised group—with children randomised to foster-care showing 

intermediate P1 amplitudes between the other two groups (Moulson et al., 2009b). 

Interestingly, in those two samples, the institutionalised children’s smaller neural 

responses in the P1 were particularly so for the stranger’s face. In contrast, in the 

current investigation, the smaller P1 shown by indiscriminate institutionalised children, 

in comparison to non-indiscriminate institutionalised children, was only significant in 

response to the caregiver’s face. Even though the P1 does not show sensitivity to facial 

identity in adults or typically developing children (Caharel et al., 2007; Caharel, 

Courtay, Bernard, Lalonde, & Rebaï, 2005; Todd et al., 2008) given that it corresponds 

to a very early sensory response, it is influenced by selective attention (Hillyard & 

Anllo-Vento, 1998). Therefore this result suggests that deficits at the sensory stage of 
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face processing or in selective attention (Caharel et al., 2007), among indiscriminate 

children, might have been evident for the caregiver’s face more than for the stranger’s.   

 The fact that we found such difference between indiscriminate and non-

indiscriminate children related to the processing of the caregiver’s face might, in 

addition, be relevant to the wider theoretical question of whether IB reflects a specific 

disturbance in stranger-related behaviour and engagement and/ or the lack of selective 

attachment to caregivers. Indeed, even though displays of IB are by many researchers 

assessed exclusively in terms of behaviour towards strangers, it has also been proposed 

that they implicate deviations in normative selective attachment toward caregiving 

figures (Lyons-Ruth, 2015). Reflecting this view, the observational measure used in the 

current study (i.e., the RISE) evaluates the extent to which the child engages with the 

stranger in comparison to the behaviour toward the caregiver, in a mildly stressful 

situation that activates the attachment behavioural system (i.e. the SSP). A classification 

of a child as indiscriminate on the RISE reflects an engagement that is at least equal, or 

even more positive, with the stranger than the caregiver. Therefore such an assessment 

has implications in terms of considering indiscriminate children as not only 

demonstrating inappropriate behaviour with the stranger, but also lack of selectivity in 

the engagement with, and comfort-seeking from, the caregiver. Also, note that all except 

two children in the indiscriminate group were deemed indiscriminate on the RISE, and 

those two children who were only classified as such on the interview had relatively high 

scores on the RISE. To conclude, a blunted P1 in response to the caregiver’s face, 

shown by indiscriminate children, emerged as a neural correlate of IB as assessed by 

these criteria. This result adds to behavioural findings suggesting that displays of IB 

may not simply represent disturbances in the engagement with unfamiliar adults but 

also have implications in the relationship with caregivers (Lyons-Ruth, Bureau, Riley, 

& Atlas-Corbett, 2009; Soares et al., 2014).  

 In a preliminary investigation by our team with this sample of institutionalised 

children, the presence of atypical social behaviour (which combined reports of both IB 

and inhibited attachment behaviour), was associated with a smaller P1 (Mesquita et al., 

2015). The current study was focused on IB and benefited from the use of an 

observational measure to capture this behaviour (i.e., the RISE), as well as from the 

increased statistical power permitted by the larger number of children identified as 

indiscriminate on this measure. Therefore we can conclude that a smaller P1 is 

associated with atypical social behaviour and IB, but further work is needed to 
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disentangle whether such neural markers of institutional rearing are associated 

specifically with IB, or with atypical social behaviour in general. 

 The second finding compatible with hypoactivation in the current study was that 

indiscriminate children showed a blunted P400, in comparison to non-indiscriminate 

children. The P400 is a component that demonstrates face sensitivity, likely 

corresponding to a precursor of the N170 (de Haan, Johnson, & Halit, 2007), which, in 

turn, is a component reflecting the structural encoding of faces (Eimer, 2011; Kuefner, 

de Heering, Jacques, Palmero-Soler, & Rossion, 2010). This difference in P400 

amplitudes was seen in response to both faces and regardless of hemisphere and time in 

institutional care, but was particularly evident for the caregiver’s face, over the right 

hemisphere, and among children institutionalised for shorter periods (i.e. < 18 months). 

In the BEIP, during the face recognition task the institutionalised children did not show 

a significantly smaller P400 than never-institutionalised age-mates, however visually 

the pattern of decreased amplitude in the former group continued across the entire ERP 

epoch, including the P400 (Moulson et al., 2009b). During the emotion expressions 

task, institutionalised children from the BEIP showed a smaller P400 than never-

institutionalised children at 42 months—with children randomised to foster care 

showing intermediate P400 amplitudes between the other two groups (Moulson et al., 

2009a). Together, these findings indicate that children reared in institutions show a 

blunted P400, adding to evidence of neural hypoactivation as a correlate of exposure to 

early adverse caregiving (Moulson et al., 2009a; Moulson et al., 2009b; Parker et al., 

2005a, 2005b). These findings further suggest that display of an atypical social 

engagement behaviour (i.e., IB), which is frequent in these samples, is associated with 

less normative levels of P400 amplitude.  

 In our previous comparison between this sample of institutionalised children and 

family-reared age-mates (Chapter 5), the former group showed a marginally 

significantly smaller P400 than the comparison group, among the younger children, and 

particularly over the right hemisphere and for the caregiver’s face. When inspecting the 

current results between indiscriminate and non-indiscriminate children—a significantly 

smaller P400 in the former, and also particularly over the right hemisphere and for the 

caregiver’s face— the presence of IB emerges as a relevant variable modulating the 

result of a blunted P400 in institutionalised children. In other words, the pattern 

observed in general when comparing institutionalised with family-reared children was 

demonstrated more clearly by those institutionalised children with IB relative to those 

without IB. Interestingly, in our brief report contrasting institutionalised children with 
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and without socially atypical behaviour, and also children with IB versus children with 

inhibited behaviour, no effects on the P400 were detected (Mesquita et al., 2015). 

However, note that the analysis strategies were very different from the current 

investigation, given that in the brief report: a) children with and without IB were not 

directly compared, and b) children with comorbidity in different atypical behaviour 

profiles were excluded, resulting in a smaller sample. In addition, in that preliminary 

report, the classifications of IB were solely based on the interview to the caregiver 

(Mesquita et al., 2015), while in the current investigation most children were classified 

as indiscriminate on the observational measure (i.e., the RISE) or both observation and 

caregiver’s report.  

 To conclude, our findings regarding the P1 and the P400 largely support the 

hypothesis that indiscriminate children show blunted occipital amplitudes, and further 

indicate that the presence of IB modulates the hypoactivation described in 

institutionalised children as a group. The hypothesis that difficulties in the ability to 

orient or sustain attention, among institutionalised children, underlie or are at least 

implicated in their neural signs of hypoactivation, was already advanced in the previous 

chapter. Indeed, the behavioural performance of the institutionalised children in the 

Go/No-go task, compared to family-reared controls, was characterised by error of 

omission of a response in Go trials (but the groups were equally accurate in No-go 

trials; Chapter 5). These behavioural results go in line with the remaining literature, 

which has been finding both neural markers of lack of attention/response monitoring, 

and behavioural inaccuracy in performing a required response among institutionally 

reared children (Loman et al., 2013; McDermott, Westerlund, Zeanah, Nelson, & Fox, 

2012). To what extent this explanatory hypothesis applies to institutionalised children 

with IB more than those without IB is unclear at the moment. An exploration of this 

issue in the current sample showed that, even though institutionalised IB-children had a 

lower percentage of correct Go trials than institutionalised non-IB children (M = 48 

versus M = 59), this difference was not statistically significant (t (39) = 1.09, ns). This 

could have been due to lack of statistical power or to the existence of other mechanisms 

in the explanation of the neural hypoactivation among children with IB, than difficulties 

in sustained attention—or even that this link between neural hypoactivation and 

attentional difficulties was mediated by facial identity. Thus, further studies are needed 

to investigate the existence and meaning of IB-children’s poorer performance on Go 

trials, as well as their intriguing (given their putative problems with inhibitory control) 

good performance on No-go trials. 
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 We now turn to discuss differences between groups regarding the differential 

processing of the caregiver’s and the stranger’s faces. Our hypothesis that 

indiscriminate children, contrary to non-indiscriminate children, would fail to show 

discrimination between the two faces, received mixed support. Specifically, such a 

result was found in regard to P1 amplitude—which is usually considered too early in 

latency to process facial identity—but not in regard to N170 amplitude. Group 

differences in the differential processing of the two faces were also found in P1 and 

N170 latencies, but such effects depended on the length of institutionalisation. Finally, 

an unexpected result was a discrimination between faces in P250 amplitude shown by 

indiscriminate children institutionalised for shorter periods. We will discuss each of 

these findings in detail. 

 Firstly, only non-indiscriminate children showed a larger P1 for the caregiver’s 

than the stranger’s face. Even though the P1 does not show sensitivity to facial identity 

in adults or typically developing children (Caharel et al., 2007; Caharel et al., 2005; 

Todd et al., 2008) given that it corresponds to a very early sensory response, it is 

influenced by selective attention, as we mentioned earlier (Hillyard & Anllo-Vento, 

1998). Therefore this result suggests that face recognition deficits in indiscriminate 

children—as indexed by differences in patterns seen in the P1, relative to non-

indiscriminate children—were caused by differences at the sensory stage of face 

processing or in selective attention (Caharel et al., 2007), which in non-indiscriminate 

children may have been particularly tuned to the caregiver’s face.  

 Secondly, there were indications that non-indiscriminate children 

institutionalised for longer periods processed more efficiently the face of their caregiver, 

compared to those children institutionalised for shorter periods or to indiscriminate 

children. Specifically, non-indiscriminate children who had been institutionalised for 

longer had a faster P1 for the caregiver’s face than those who had been institutionalised 

for shorter periods, and than indiscriminate children institutionalised for similar periods. 

Also, even though the N170 was larger (in the parieto-occipital region) in response to 

the caregiver’s than the stranger’s face for all participants, only the non-indiscriminate 

children who had been institutionalised for longer had a faster N170 for the caregiver’s 

than the stranger’s face. A possible interpretation of these results is that non-

indiscriminate children were able to form a significant and selective relationship with 

their caregiver during their time at the institution—with more time allowing a deeper or 

more focused relationship (NB: even though the duration of the caregiver-child 

relationship was not controlled, and could depend on how long that caregiver had been 
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working in that unit, etc., it can generally be assumed that this is closely related to the 

child’s time in the institution). In contrast, according to this hypothesis, the relationship 

between indiscriminate children and their caregiver may not have evolved in such a way 

as to allow a more efficient processing of her face. Nevertheless, we cannot exclude the 

possibility that the faster P1 and N170 latencies to the caregiver’s face displayed by 

non-indiscriminate children who had been institutionalised for longer simply reflect a 

maturational improvement in processing speed, given that length of institutionalisation 

tended to be positively correlated with children’s age. A related, intriguing result was 

that only indiscriminate children institutionalised for shorter periods differentiated faces 

in the P250, that is, a larger amplitude and faster latency for the caregiver’s than the 

stranger’s face. Such a result suggests an atypical neural response in indiscriminate 

children because it indicates that they discriminated the two faces when they knew the 

caregiver for a short length of time (while such marker of discrimination did not occur 

with longer institutionalisations or in non-indiscriminate children). In order to clarify 

the reasons for such results we would benefit from future work where effects of age, age 

at admission and length of institutionalisation could be disentangled.  

It is important to recall that the photographs of a single stranger were presented 

to each and every participant, which were not matched to each caregiver’s face. 

Therefore the stranger’s face might have been more similar to the caregiver’s face in 

some cases than in others, potentially creating a confound in familiarity effects that are 

influenced by configural characteristics of faces. In addition, the use of a single 

stranger’s face limits generalisation of our findings with this individual stranger to 

children’s processing of “strangers” faces more generally. 

 As a final comment regarding familiarity effects, based on previous studies we 

expected to find differences between faces in the P400 amplitude, but the direction of 

these effects has been inconsistent in this age-range and perhaps that is why we did not 

detect familiarity effects in this component (Carver et al., 2003; Moulson et al., 2009b). 

 In regard to regional and laterality effects, there were indications of both 

similarities and discrepancies between indiscriminate and non-indiscriminate children. 

Firstly, in all participants, the P1 and N170 were faster, and the N170 smaller, in 

occipital than parieto-occipital leads. Yet, only the non-indiscriminate group had a 

faster P250 over the midline than lateral sites. 

 Secondly, children from both groups showed a right asymmetry for the P1 

amplitude, which has been reported in typical development, and is believed to reflect a 

greater involvement of the right hemisphere in the holistic processing of faces (Moulson 
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et al., 2009b; Taylor, Batty, & Itier, 2004). However, this effect was detected in 

different regions for indiscriminate and non-indiscriminate children (i.e., parieto-

occipital and occipital, respectively). Further analysis of this asymmetry revealed that it 

was children institutionalised for shorter periods, but not those institutionalised for 

longer, who showed a larger P1 over the right than left hemisphere—indicating that the 

normative right asymmetry in P1 amplitude disappeared with longer exposures to 

institutional care, regardless of the presence or absence of IB. 

 In summary, this study found evidence in support of the hypothesis that displays 

of socially indiscriminate behaviour, a frequent behavioural outcome of early 

institutionalisation, modulates institutionalised children’s neural hypoactivation when 

processing faces. A direct comparison between indiscriminate and non-indiscriminate 

institutionalised children and family-reared children would allow us to take the latter 

conclusion further by exploring how do the three groups compare. Yet, we decided to 

separate these two levels of analysis (i.e. between and within group[s]) in Chapters 5 

and 6 in order to be able to detect and disentangle effects of institutionalisation as a 

rearing environment and, among institutionalised children, the neural correlates of IB 

(i.e. fine-grained differences between children presenting and not presenting IB). 

Indiscriminate children also showed weaker discrimination between the faces of the 

caregiver and a stranger as indicated by several neural markers, which could be taken to 

be consistent with their behavioural profile. However, most of these group differences 

in face discrimination depended on the length of time in the institution and, 

consequently, on the duration of the relationship with their caregivers. This study adds 

to growing evidence of the deleterious effects of adverse early care, specifically 

institutional rearing, on neurodevelopment (Belsky & de Haan, 2011; Bilson, 2009). 

 Future work should assess children’s inhibited attachment behaviour using 

observational measures in order to disentangle which effects of institutionalisation on 

neurodevelopment are modulated by the presence of disturbances in social engagement 

in general and which are specific to indiscriminate behaviour—and which occur for all 

institutionalised children similarly when taking into account the presence of these 

disturbed behaviours. In addition, given that genetic variability and prenatal risk are 

associated with both neurodevelopment (de Geus, 2010; Fox, Levitt, & Nelson, 2010) 

and with worse behavioural outcomes in institutionalised children (Nelson, 2007), 

future work would benefit from taking these variables into account. 
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Table 1. Participants’ descriptive statistics. 

 Non-Indiscriminate Behaviour group (n = 21) 

M (SD) 

Indiscriminate Behaviour group (n = 23) 

M (SD) 

Gender 14 male; 7 female 12 male; 11 female 

Age 59.62 (11.18) 55.78 (13.83) 

Age at admission 34.48 (14.96) 37.61 (15.37) 

Length of institutionalisation 24.81 (15.80) 17.96 (11.81) 

Developmental quotient 96.84 (11.00) 99.11 (9.47) 

 

 

Figure 1. The complete experimental paradigm (black bar in eyes region for anonymisation, not part of the paradigm).  
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Table 2. Averages of peak amplitudes (in µV) across group, condition and laterality. 

Component 

Non-Indiscriminate Behaviour group (n = 21)  Indiscriminate Behaviour group (n = 23) 
Caregiver’s Face 

M (SD) 
Stranger’s Face 

M (SD) 
 Caregiver’s Face 

M (SD) 
Stranger’s Face 

M (SD) 
LH Mid RH LH Mid RH  LH Mid RH LH Mid RH 

P1 13.57 
(6.30)  15.22 

(6.58) 
12.27 
(5.70)  13.15 

(6.06)  10.42 
(5.10)  12.45 

(5.39) 
10.41 
(5.34)  13.25 

(6.46) 

N170 -10.41 
(5.59)  -10.48 

(6.36) 
-9.99 
(6.37)  -9.56 

(5.21)  -9.27 
(4.93)  -8.57 

(3.66) 
-8.91 
(4.57)  -7.49 

(4.24) 

P400 8.88 
(2.90)  8.80 

(3.42) 
8.39 

(2.60)  8.49 
(4.12)  7.33 

(4.29)  6.75 
(3.83) 

7.21 
(3.73)  6.52 

(3.54) 

P250 5.75 
(2.43) 

6.36 
(3.27) 

6.45 
(2.81) 

6.15 
(2.83) 

6.21 
(2.92) 

6.02 
(2.38)  6.13 

(2.36) 
6.54 

(2.87) 
5.92 

(2.58) 
4.83 

(2.40) 
5.33 

(2.82) 
5.02 

(2.74) 

Note. LH = Left hemisphere, RH = Right hemisphere, Mid = Midline.  
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Table 3. Averages of latencies to peak (in ms) across group, condition and laterality.  

Component 

Non-Indiscriminate Behaviour group (n = 21)  Indiscriminate Behaviour group (n = 23)) 
Caregiver’s Face 

M (SD) 
Stranger’s Face 

M (SD) 
 Caregiver’s Face 

M (SD) 
Stranger’s Face 

M (SD) 
LH Mid RH LH Mid RH  LH Mid RH LH Mid RH 

P1 157 
(18)  153 

(15) 
158 
(16)  152 

(17) 

 161 
(22)  158 

(21) 
162 
(21)  161 

(22) 

N170 263 
(25)  267 

(29) 
267 
(23)  269 

(20) 

 263 
(25)  260 

(23) 
264 
(27)  266 

(30) 

P400 398 
(35)  386 

(32) 
385 
(30)  388 

(37) 

 391 
(35)  395 

(31) 
394 
(36)  402 

(39) 

P250 270 
(28) 

261 
(25) 

265 
(23) 

263 
(24) 

251 
(26) 

264 
(20) 

 261 
(25) 

264 
(28) 

266 
(27) 

268 
(37) 

269 
(35) 

266 
(29) 

Note. LH = Left hemisphere, RH = Right hemisphere, Mid = Midline. 
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Figure 2. Grand means of ERPs exhibited by the Non-Indiscriminate Behaviour group (N-IBg) and the Indiscriminate Behaviour group (IBg) for each 
condition, over the fronto-central electrodes. Amplitude in µV is listed on the y-axis and latency in ms is listed on the x-axis. The top-left graph 
corresponds to the FC1 and F3 (pooled; left hemisphere), the top-right graph to the FC2 and F4 (pooled; right hemisphere), and the bottom graph to the 
Fz (midline).  
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Figure 3. Grand means of ERPs exhibited by the Non-Indiscriminate Behaviour group (N-IBg) and the Indiscriminate Behaviour group (IBg) for each 
condition, over the parieto-occipital electrodes. Amplitude in µV is listed on the y-axis and latency in ms is listed on the x-axis. The top graphs 
correspond to the O1 and O2 electrodes (left and right hemispheres, respectively), and bottom graphs correspond to the PO9 and PO10 electrodes (left 
and right hemispheres, respectively).  
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Figure 4. Grand means of ERPs exhibited by the Non-Indiscriminate Behaviour group (N-IBg) and the Indiscriminate Behaviour group (IBg) for each 
condition, over the fronto-central electrodes: the top graph corresponds to the fronto-central electrodes (left, right and midline leads pooled) for 
children institutionalised for shorter periods and the bottom graph corresponds to the fronto-central electrodes (left, right and midline leads pooled) for 
children institutionalised for longer periods. Amplitude in µV is listed on the y-axis and latency in ms is listed on the x-axis.! 
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Figure 5. Grand means of ERPs exhibited by the Non-Indiscriminate Behaviour group (N-IBg) and the Indiscriminate Behaviour group (IBg) who 
were institutionalised for shorter periods, for each condition, over the parieto-occipital electrodes: the top graphs correspond to the O1 and O2 
electrodes (left and right hemispheres, respectively) and bottom graphs correspond to the PO9 and PO10 electrodes (left and right hemispheres, 
respectively). Amplitude in µV is listed on the y-axis and latency in ms is listed on the x-axis. 
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Figure 6. Grand means of ERPs exhibited by the Non-Indiscriminate Behaviour group (N-IBg) and the Indiscriminate Behaviour group (IBg) who 
were institutionalised for longer periods, for each condition, over the parieto-occipital electrodes: the top graphs correspond to the O1 and O2 
electrodes (left and right hemispheres, respectively) and bottom graphs correspond to the PO9 and PO10 electrodes (left and right hemispheres, 
respectively). Amplitude in µV is listed on the y-axis and latency in ms is listed on the x-axis. 
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 N-IBg    IBg           N-IBg       IBg         N-IBg   IBg 

                

 

Figure 7. Topographic maps representing the P1, N170, and P400 for each group, regardless of condition. The Non-Indiscriminate Behaviour group 
(N-IBg) is on the left and the Indiscriminate Behaviour group (IBg) is on the right for each of the three time windows. 
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Appendix 1 

 

 Because the criteria for defining the cutoff for disinhibited and inhibited behaviour on interview data is not consensual across studies, we tried 

re-grouping the participants considering the following alternative cut-off levels: a continuous score of 4 or higher on DAI-inhibited, and a score of 3 or 

higher on DAI-disinhibited (the indiscriminate group would either receive that score on the DAI or a score of 5 or higher on the RISE). Using these 

criteria, 1 child did not meet criteria for indiscriminate behaviour anymore and instead met criteria for inhibited behaviour. The remaining 22 

indiscriminate children remained in the indiscriminate group. The inhibited children to be excluded were 9 if we did not consider their comorbidity 

with indiscriminate behaviour, and were 6 if letting those with comorbidity remain in the indiscriminate group. The re-analyses using these criteria 

(both excluding and including the 3 children with comorbidity) held very similar results to the original analyses and will therefore not be reported here. 

However, for illustrative purposes see Table 4 for the mean amplitudes of these alternative groups.   
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Table 4. Averages of peak amplitudes (in µV) across group, condition and laterality, when applying alternative cut-off criteria based on continuous 
scores. 

Component 

Non-Indiscriminate Group (n= 19)  Indiscriminate Group (n = 19) 
Caregiver’s Face 

M (SD) 
Stranger’s Face 

M (SD 
 Caregiver’s Face 

M (SD 
Stranger’s Face 

M (SD 
LH Mid RH LH Mid RH  LH Mid RH LH Mid RH 

P1 14.24 
(5.51)  15.62 

(6.77) 
12.45 
(5.60)  13.47 

(6.30) 

 9.81 
(4.63)  11.96 

(5.59) 
9.93 

(5.21)  12.52 
(6.54) 

N170 -10.51 
(5.84)  -10.66 

(6.12) 
-10.17 
(6.62)  -9.74 

(4.96) 

 -9.38 
(4.65)  -8.70 

(3.84) 
-9.26 
(4.64)  -7.83 

(4.10) 

P400 9.12 
(3.30)  9.27 

(3.97) 
8.40 

(2.59)  8.76 
(4.21) 

 6.52 
(3.93)  6.24 

(3.64) 
6.85 

(3.70)  6.18 
(3.56) 

P250 5.91 
(2.15) 

6.14 
(3.01) 

6.27 
(2.68) 

6.22 
(2.98) 

6.21 
(3.10) 

6.03 
(2.50) 

 5.99 
(2.50) 

6.19 
(2.99) 

5.76 
(2.74) 

4.89 
(2.34) 

5.39 
(2.91) 

5.16 
(2.83) 

Note. All subjects deemed inhibited by the cut-off criteria based on continuous scores (n = 9) were excluded; LH = Left hemisphere, RH = Right 
hemisphere, Mid = Midline. 
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Chapter 7 

 

Association between the oxytocin receptor gene (OXTR) and indiscriminate social 

behaviour in institutionalised children 

 

Introduction 

 Increasing evidence indicates that human attachment and social behaviour are 

underpinned in part by the extended oxytocinergic system, including peripheral 

circulating oxytocin and polymorphisms in the oxytocin receptor gene, the gene 

encoding the receptor for this neuropeptide (Feldman, 2012). The present work offers 

the first association study between a polymorphism in the oxytocin receptor gene and 

indiscriminate social behaviour, among a group of Portuguese institutionalised pre-

schoolers.  

 Oxytocin (OT) is an evolutionarily conserved neuropeptide that is critically 

involved in regulating social behaviour such as social recognition, mother-infant 

attachment and pair bonding in virtually all mammalian species (Brüne, 2012; Carter, 

1998; Winslow & Insel, 2002). In humans, intranasally administered OT has been found 

to increase social cognition abilities, trust, and the experience of attachment security 

(Buchheim et al., 2009; Domes, Heinrichs, Michel, Berger, & Herpertz, 2007; Kosfeld, 

Heinrichs, Zak, Fischbacher, & Fehr, 2005; Savaskan, Ehrhardt, Schulz, Walter, & 

Schachinger, 2008). 

 Levels of OT have not only been associated with social behaviour in healthy 

humans but also in atypical development. The most commonly studied condition is 

autism, a neurodevelopmental disorder whose core deficits are in social engagement and 

communication. Studies in this area have found that intranasal and intravenous 

administration of oxytocin is associated with improvements in social cognition and 

increases in social engagement in individuals with autism (Andari et al., 2010; Guastella 

et al., 2010; Hollander et al., 2007). Given the association of OT with mother-infant 

attachment, it has also been studied in individuals who were reared in species-atypical 

or adverse conditions. Interestingly, adopted children with a history of early 

institutionalisation have been observed to show a reduced rise in urinary OT levels after 

an interactive episode with their mother, compared to children without such a history 

(Fries, Zigler, Kurian, Jacoris, & Pollak, 2005). Relatedly, histories of child abuse and 

neglect in adult women have been associated with lower OT concentrations in 

cerebrospinal fluid, a result that is consistent with what has been found in nursery-
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reared (as opposed to maternally-reared) rhesus monkeys (Heim et al., 2009; Winslow, 

Noble, Lyons, Sterk, & Insel, 2003). Finally, adult men who experienced early parental 

separation showed altered central sensitivity to the effects of intranasally-administered 

OT (Meinlschmidt & Heim, 2007). 

 The oxytocinergic system interacts with other biological systems that have 

important effects on behaviour (e.g., dopaminergic and immune systems; see Feldman, 

2012). Interactions of the oxytocinergic system with stress responses and anxiety have 

also been established in both animal and human studies. In animal models, there is 

evidence that OT reduces behavioural and neuroendocrine responses to social stress, for 

example by inhibiting the hypothalamic-pituitary-adrenal axis (HPA) activity 

(Heinrichs & Domes, 2008; Neumann, 2002). These research models further suggest 

that OT enables animals to overcome their natural avoidance of proximity to other 

animals and inhibits defensive behaviour, which facilitates social approach (Heinrichs 

& Domes, 2008). In the same line, intranasal administration of oxytocin in humans has 

been associated with decreased amygdalar activation in response to threatening scenes 

and with decreased cortisol levels (Kirsch et al., 2005; Meinlschmidt & Heim, 2007). 

Interestingly, it has been proposed that OT, in conjunction with other biological 

systems, is implicated in the seeking of affiliative contact in response to stress in such a 

way that it promotes or hinders wellbeing according to the quality of the surrounding 

environment (Taylor, 2006). Specifically, in the presence of positive affiliative contacts, 

OT attenuates psychological and biological stress responses, but when contacts are 

hostile and unsupportive, OT may exacerbate psychological and biological stress 

responses (Taylor, 2006). 

 In summary, research suggests that OT has a complex but facilitative effect on 

social behaviour, as well as an effect on stress responses. Such findings suggest that 

disruptions involving OT is a plausible candidate mechanism through which early 

adverse environments lead to greater vulnerability to stress and stress-related 

psychosocial outcomes (Thompson, Parker, Hallmayer, Waugh, & Gotlib, 2011).  

 The action of OT depends on the presence of the only known receptor of this 

hormone, the oxytocin receptor, which is coded by the oxytocin receptor gene (OXTR) 

that in humans is located in chromosome 3. This gene has been described as a highly 

polymorphic gene, with several single nucleotide polymorphisms (SNPs) already 

described in the literature. However, there is a scarcity of research looking at the 

association between the OXTR and OT levels, and their relation is not well understood 

(Bakermans-Kranenburg & IJzendoorn, 2014; Brüne, 2012). 
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 The OXTR is expressed in humans throughout the body in reproductive 

structures as well as in neural regions, such as the frontal cortex, amygdala, 

hypothalamus and olfactory nucleus (LoParo & Waldman, 2015). Similarly to the OT 

literature reviewed above, polymorphisms in the OXTR have been associated not only 

with normal social behaviour but also with altered social function (Ebstein, Israel, 

Chew, Zhong, & Knafo, 2010; Feldman, 2012). 

 One of the most studied SNPs is the rs2254298, which is located in the third 

intron of OXTR, and it is a non-coding marker of unidentified functional variations in 

the OXTR (Brüne, 2012; Chen, Barth, Johnson, Gotlib, & Johnson, 2011; Lucht et al., 

2013; Parker et al., 2014). The G allele is ancestral to the A allele 

(http://www.ncbi.nlm.nih.gov), therefore a mutation replacing the G by the A has taken 

place at some point during human evolution (Brüne, 2012; Cordell & Clayton, 2005). 

The frequency of the A allele varies widely between different ethnicities, being quite 

uncommon in samples of European ancestry but not in others, for example from Asian 

ancestry (Bakermans-Kranenburg & IJzendoorn, 2014). These ethnicity differences 

must be kept in mind when comparing results obtained from different populations. 

 Despite being located in a non-coding region of the gene, the link of this SNP 

with plasma OT levels and with amygdala volumes provides evidence for its 

functionality (Feldman, Gordon, Influs, Gutbir, & Ebstein, 2013; Furman, Chen, & 

Gotlib, 2011; Inoue et al., 2010). In one study that analysed the association between 

human plasma OT levels and the OXTR rs2254298 genotype, higher OT levels were 

found for carriers of the A allele compared with GG carriers (Feldman et al., 2012; see 

also Parker et al., 2014), which is surprising given that the A allele is usually considered 

the “risk” allele—due to its association with negative behavioural outcomes, as we will 

see below (Bakermans-Kranenburg & IJzendoorn, 2014). 

 The OXTR rs2254298 has been studied extensively with regard to its association 

with various psychological traits and disorders (Brüne, 2012). Because findings of 

genetic association studies with one SNP of the OXTR cannot be simply generalised to 

other SNPs (Brüne, 2012), we will focus on summarising findings regarding the 

rs2254298. Globally, variations of this SNP appear to have important implications for 

normal and altered social functions. 

 Even though the literature has thus far failed to provide a consistent picture for 

the role of this SNP in conferring increased vulnerability for disadvantageous or 

atypical social phenotypes, the A allele has been usually considered the “risk” allele. 

The A allele has been linked to autism/ ASD, autistic-like traits and behaviour and 
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social impairment in non-clinical samples (Chen & Johnson, 2012; Liu et al., 2010; 

Parker et al., 2014; Slane et al., 2014; Wu et al., 2005), attachment anxiety (Chen & 

Johnson, 2012), temperamental depressive affect (Kawamura et al., 2010), and lower 

social cognition (Slane et al., 2014; Wade, Hoffmann, Wigg, & Jenkins, 2014). 

However, some studies failed to find any allele-phenotype association (Apicella et al., 

2010; Bakermans-Kranenburg & IJzendoorn, 2014; Lucht et al., 2013; Luijk et al., 

2011), and in others the association with the G allele was only found for non-

Caucasians or was found to occur in the opposite direction (i.e., more positive outcomes 

for A-carriers) in Caucasians (Chen et al., 2011; Costa et al., 2009; Jacob et al., 2007; 

Lerer et al., 2008).  

 However, differences in environmental contingencies, which were not taken into 

account in the above-mentioned studies, might explain these inconsistencies. 

Specifically, it has been proposed that, regarding the rs2254298, the A allele might not 

convey risk or protection but rather differential susceptibility to environmental 

contingencies, which would materialise in increased developmental plasticity to both 

positive and negative environments (Brüne, 2012). This claim is supported by the 

findings obtained by Thompson and colleagues (2011), who tested gene-environment 

interactions (GXE) with this SNP in non-clinical adolescent girls of mixed ethnicity 

(but majority Caucasian) for the prediction of depression and anxiety symptoms. 

Results showed that girls who both were A-carriers and had experienced high early 

adversity (in terms of maternal depression) reported the highest symptom levels of 

depression, physical anxiety, and social anxiety. In contrast, girls in the high early 

adversity group who had a GG genotype were more similar to girls in the low early 

adversity group regardless of their genotype. Thus, the A allele appeared to function as 

a vulnerability factor when associated with early adversity (Thompson et al., 2011).   

 Based on these results, Brüne (2012) concluded that GG-carriers appeared to be 

less responsive to environmental contingencies than A-carriers. He also supported his 

hypothesis of the A-allele of this SNP conferring increased differential susceptibility (as 

opposed to increased risk) with the finding, in two independent samples (one of 

Japanese and one of Caucasian subjects), of an association between that allele and 

greater amygdala volumes (Furman et al., 2011; Inoue et al., 2010). Given that 

amygdala volume is associated with both positive and negative phenotypes (autism and 

the size of the individual’s social network; Bickart, Wright, Dautoff, Dickerson, & 

Barrett, 2011; Nacewicz et al., 2006; Schumann, Barnes, Lord, & Courchesne, 2009), 

this differential result could hypothetically depend on positive versus negative 
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environments. This proposition goes in line with that of the role of OT in promoting 

affiliative contact which leads to positive or negative outcomes depending on the 

responsivity of that contact, as advanced earlier (Taylor, 2006). Moreover, to view the 

A allele as simply a risk allele is incompatible with the observation that it is not selected 

against, and instead maintained at high frequencies in some populations (Brüne, 2012). 

Finally, one cannot discard the possibility that the different effects of SNP alleles in this 

gene across different studies results from ethnic differences in the linkage 

disequilibrium structure between Caucasians and other ethnicities (Chen et al., 2011; 

Parker et al., 2014). 

 To conclude, the OXTR rs2254298 emerges as a promising candidate for 

exploring genetic differences in social behaviour and psychopathology, particularly 

when combined with reliable-assessment of phenotypes and environments. It is 

increasingly apparent that to understand GxE mechanisms in relation to complex social 

phenotypes it is necessary to study clear-cut and adequately measured environmental 

variation as well as high-quality measurements of the phenotype (Bakermans-

Kranenburg & IJzendoorn, 2014; Luijk et al., 2011; Slane et al., 2014).  

 In spite of this widely recognised influence of GxE interactions in explaining the 

contribution of genetic variability to atypical social behaviour, such research is lacking. 

Furthermore, in the specific case of indiscriminate social behaviour (IB) associated with 

adverse early care (specifically, institutional rearing), there are currently no genetic 

association studies looking at the role of OXTR. IB is a pattern of indiscriminate 

friendliness and lack of selectivity in proximity and comfort-seeking to adults (i.e., 

diffuse for caregivers and strangers), with an absent wariness of strangers and disregard 

for social, physical or verbal boundaries. This atypical social profile has been associated 

with early institutional rearing and psychosocial neglect (e.g., Chisholm, 1998; 

O'Connor, Rutter, & The ERA Study Team, 2000; Tizard & Rees, 1975; Zeanah, 

Smyke, & Dumitrescu, 2002). Yet, in face of the difficulty of accounting for the 

emergence and persistence of IB solely based on characteristics of the environment—

i.e., not all children exposed to the same degree of adversity exhibit IB and in some 

children IB persists after adoption to positive family environments—researchers have 

already hypothesised the contribution of genetic differences (Bakermans-Kranenburg, 

Dobrova-Krol, & IJzendoorn, 2011; Drury et al., 2012; Minnis et al., 2007; Soares, 

Belsky, Mesquita, Osorio, & Sampaio, 2013). 

 There are three studies that have investigated genetic influences on IB. One is a 

twin study with eight year-olds from the general population (Minnis et al., 2007). This 
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work demonstrated that both genetics and environment explained these children’s 

disinhibited behaviour scores. Moreover, genetic effects appeared particularly important 

for males, while shared environment appeared particularly influential for females, but 

for both genders additive genetic effects were estimated to surpass 50% (Minnis et al., 

2007). Nevertheless, these results warrant caution because they were obtained from a 

community sample, and interpretations of behaviour indicative of attachment disorders 

or IB in the absence of aberrant early care cannot be directly generalised to displays of 

IB in institutionalised or otherwise neglected/ maltreated children. Furthermore, the 

population variance attributable to genetic factors is likely to be lower in a subsection of 

the population exposed to a major adverse environmental influence known to impact on 

the trait being investigated (Rutter, Moffitt, & Caspi, 2006). 

 The other two are the only published research, to the best of our knowledge, 

reporting genetic associations with IB (Bakermans-Kranenburg et al., 2011; Drury et al., 

2012; see also Bakermans-Kranenburg & IJzendoorn's meta-analysis, 2014, which 

included social behaviour as an outcome). The first one is a very small study with 

Ukrainian children in institutional care (Bakermans-Kranenburg et al., 2011). The 

authors found evidence of a moderating role of the serotonin transporter gene (5HTT) 

genotype for the association between adverse environment and attachment 

disorganisation, but no results emerged for IB. However the small sample size might 

explain this null result. 

 The other study (Drury et al., 2012) was carried out with the Romanian sample 

from the Bucharest Early Intervention Project (BEIP), where institutionalised children 

were randomly assigned to remain in the institution or to placement in high-quality 

foster-care. The polymorphisms of two genes—the brain derived neurotrophic factor 

(BDNF) and the serotonin transporter (5HTT)—considered to index increased 

plasticity, were associated with the highest levels of IB in children who remained 

institutionalised and the lowest levels of IB in children placed in foster-care. In contrast, 

children without at least one of these “plasticity genetic variants” demonstrated little 

difference in levels of IB over time and no group-genotype interaction. These results are 

consistent with a previous study from the English and Romanian Adoptees (ERA) team 

which found that prolonged institutionalisation in early life, associated with the 

“plasticity” variant of the 5HTT promoter polymorphism, was linked to more emotional 

problems in adolescence. Moreover, the “plasticity” variant of the 5HTT was associated 

with increased or decreased emotional problems depending on whether the adolescent 

had experienced a high or low number of stressful life events (Kumsta et al., 2010).  
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 This body of literature indicates that IB is likely to be, in part, explained by 

genetic effects. Given that for the reasons exposed earlier the OXTR rs2254298 is a 

promising candidate for the investigation of such effects in a context of environmental 

adversity, this SNP was selected a-priori for the current study. Even though in the 

current work GxE interactions will not be directly tested, we will examine the 

association between rs2254298 and IB in a sample of children exposed to an extreme 

(and discrete) early environment: institutionalisation.  

 Therefore, this report aims to investigate how the genetic makeup in this SNP 

decreases or increases children’s vulnerability to exhibit IB in this context of highly 

non-normative early care, and measure our target phenotype using the best available 

tools. Given the suggestion from the literature reviewed above that the A allele might 

confer increased risk for disadvantageous or atypical social phenotypes in the presence 

of early adverse environments, we will consider the A allele as the risk allele for our 

hypothesis testing. Accordingly, we hypothesise that carriers of at least one A allele will 

show increased scores of IB, in this sample of institutionalised pre-schoolers.  

 

Method 

Participants 

 This study is part of a larger research project on Portuguese institutionalised 

children. After approval by the Portuguese Social Services and the National 

Commission for Data Protection, the larger project was presented to the staff at each 

institution. At recruitment, participants were identified as all children aged 3-6 years 

old, who had been institutionalised for at least 6 months and had not yet entered primary 

school, and who did not suffer from moderate to severe mental or physical impairments, 

genetic syndromes or autism spectrum disorders (ASD). Written informed consents 

were requested from institution directors, biological parents, and participating 

caregivers. All participants from the broader project with both a) OXTR rs2254298 

genotype information and b) interview data regarding IB, at the time of preparation of 

this article were included. This sample was composed of 125 subjects. A subsample of 

75 children had, in addition, information regarding observational ratings of IB. Two 

extra children had ratings on the observational data and information on genotype, but no 

information on interview rating of IB, and were excluded. Thus, for analyses with 

interview data on IB, the total sample of 125 was included, whereas for analyses with 

observational data on IB, a subsample of 75 children was available. See Table 1 for 

descriptive statistics of children’s demographics. Participant children came from 29 
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institutions. There were 14 pairs of siblings and 3 pairs of twins (one of which had one 

more sibling). See Table 2 for frequencies of children’s ethnicity.  

 Every child participated with their institutional caregiver, who was identified, in 

consultation with the institutional staff, as the child’s favourite caregiver at the 

institution. If such a caregiver could not be identified, the one most familiar with the 

child and involved in his/her daily routines participated with them. Participating 

caregivers were 87 in total and all female (27 participated with more than one child).  

 

Measures 

 Indiscriminate social behaviour 

 The Disturbances of Attachment Interview (DAI; Smyke & Zeanah, 1999) is a 

semistructured interview addressing 12 items designed to evaluate the presence of signs 

of disordered attachment. For each item, the interviewer asks multiple questions and 

follow-up probes sufficient to yield a rating of 0, 1 or 2 according to the degree of 

evidence of disturbed or disordered attachment. Items 6-8 address signs of “disinhibited 

behaviour”. These items concern whether the child checks back with the caregiver in 

unfamiliar settings or tends to wander off without purpose, whether the child shows 

initial reticence around strangers or readily approaches unfamiliar individuals, and 

whether the child would readily go off with an unfamiliar adult. The scale total score is 

a sum of ratings for all 3 items; a score of 2 on at least one item was used as cut-off 

criteria for considering that the child shows IB. A sub-set of the interviews was rated by 

two independent coders (n = 54, 43%); discrepancies were resolved by conferencing, 

leading to a consensus for each item. Inter-rater agreement for the interviews coded in 

pairs was excellent for these items (ri = .97). 

 

 The Rating of Infant and Stranger Engagement (RISE; Riley, Atlas-Corbett, & 

Lyons-Ruth, 2005) codes children’s attachment-related forms of engagement with the 

stranger, over all eight episodes of the Strange Situation Procedure (SSP). A small 

change was implemented in the administration of the SSP version for preschool children 

(Cassidy & Marvin, 1992): regardless of the child’s age, the stranger always entered 

twice in the room, in order to provide more information for the RISE coding. The RISE 

evaluates both the extent of the child’s affective engagement with the stranger 

compared to the caregiver, and the extent to which the child displays non-normative 

acceptance of physical contact or response to soothing from the stranger, resulting in a 

singular rating on a 9-point scale (for an extended description see Oliveira et al., 2012). 
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A score of 5 or above is considered to indicate that the child displays indiscriminate 

behaviour. Because this instrument was originally developed to assess indiscriminate 

behaviour in infants, an adaptation to the preschool years (Oliveira et al., 2013) 

involved consideration of alternative demonstrations of the criteria for each score that 

were developmentally appropriate (e.g., a greater importance of verbal initiations of 

interaction). Inter-rater agreement based on 57 cases (76%) was very good (ri = .89). 

   

 Covariates 

 Child’s demographics. Information regarding the child’s age, sex, age at 

admission and length of institutionalisation was collected from the child’s case file at 

the institution. 

 

 Child’s mental development. The Griffith’s Mental Development Scales 

(Griffiths, 1984) were administered by a trained researcher. These scales assess various 

areas of development by means of six subscales. A global quotient reflecting general 

developmental level was calculated from the six subscales scores. 

 

 Prenatal and postnatal risk. The presence versus absence of selected prenatal 

and postnatal health risk factors, indexing a biological risk status, was coded from the 

child’s case file at the institution and their health records booklet. See the section on 

Statistical analysis preparation and plan: Missing data handling, below, for details. 

 

 Genotyping  

 Saliva samples were collected with Oragene DNA collection kits (DNA 

Genotek, Canada) and genomic DNA was isolated as instructed by the manufacturers, 

using the standard protocol from PrepIT L2P (DNA Genotek). Samples concentration 

was accessed using Nanodrop technology. For OXTR rs2254298 analysis, 5ng of DNA 

were used, along with the corresponding KASPar assay (LGC Genomics, UK), for a 

final volume of 8µL. The thermal profile was performed as instructed be the 

manufacturers, in a 7500 Fast Real-Time PCR System (Applied Biosystems by Life 

Technology, USA). Results were validated by Sanger Sequencing of representative 

samples for each genotype (A/A, A/G or G/G).  

            Genotypes of this gene were in Hardy-Weinberg equilibrium (p >.1). Allelic 

frequency is consistent with the NCBI database (http://www.ncbi.nlm.nih.gov) and with 

published literature for this SNP.  
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 Because testing the additive genetic model would have been uninformative 

given the scarcity of the AA genotype (3.2%), a dominant genetic model was employed, 

combining the AA and AG carriers in a single group defined by having at least one A 

allele (as in Chen et al., 2011; Thompson et al., 2011, for example).  

 

Procedure 

 The DAI was administered to the child’s caregiver in a quiet room of the 

institution; it was audio-recorded for subsequent coding. The RISE was coded from the 

SSP, which was conducted in a laboratory room; child and caregiver travelled to the 

laboratory for that assessment. The SSP was video-recorded for subsequent coding. The 

collection of saliva for genotyping occurred at any moment during data collection, but 

never before another assessment (e.g., SSP).   

 

Statistical analysis preparation and plan 

 Missing data handling  

 Before conducting the statistical analyses regarding the research questions, 

procedures for dealing with missing data were followed for the covariates of prenatal 

and postnatal risk indices (i.e., biological risk status). It is important to take these risk 

factors into account in analyses of IB in institutionalised children (Dobrova-Krol, 

Bakermans-Kranenburg, van IJzendoorn, & Juffer, 2010; Oliveira et al., 2012), and in 

our study it was common to have some missing data regarding pre-admission conditions 

(a common problem in institutionalised samples). Key variables relating to prenatal risk 

were selected a-priori for inspection: lack of medical surveillance during pregnancy, use 

of substances (alcohol, tobacco or drugs) during pregnancy, high-risk pregnancy, health 

problems during pregnancy, prematurity (<36 weeks gestation), and low birth weight 

(<2500gr). The first four variables had more than 20% of missing cases and were 

therefore excluded from analyses (Peng, Harwell, Liou, & Ehman, 2007). The last two 

variables, prematurity and low birth weight, had missing cases in <20% of the sample 

(19 and 18%, respectively), and thus were retained for missing data imputation. Two 

variables indexing postnatal health risk were also inspected: child’s history of disease or 

hospitalisation. These variables had few missing cases (5% and 7%, respectively), and 

thus were also retained for missing data imputation. Even though an analysis of patterns 

suggested overall randomness of missing values, we cannot exclude the possibility of 

some data missing not at random, especially because case files that were more 

incomplete tended to be so for many types of information, and it is likely that this tends 
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to occur in families of higher risk. Nonetheless, even if data are missing not a random 

(MNAR), it has been recommended that the use of multiple imputation is preferable 

than to ignore the missing data (Huisman, 2011). Some recommendations to overcome 

this limitation were followed, namely, to include auxiliary variables that are strongly 

related to the variables with missing data and to the missingness (probable causes) in 

the imputation model to reduce the impact of MNAR (Huisman, 2011). 

 Accordingly, the multiple imputation function available from SPSS (IBM Corp., 

2013) was run for 5 imputations, using several prenatal and family variables as 

predictors of the four variables of interest for imputation: prematurity (<36 weeks 

gestation); low birth weight (<2500gr); child’s history of disease (i.e., existence, in past 

or present, of a major disease); child’s history of hospitalisation (i.e., occurrence of any 

hospitalisations). After obtaining the 5 complete data sets in a single imputation data set 

format, the statistical analyses required to address the research questions were run, and 

results were interpreted based on the pooled data.  

 

 Data analysis plan 

 Descriptive data were inspected before conducting any other analysis. 

Afterwards, Pearson or point-biserial correlations were tested among all study variables, 

in order to verify if any additional variables had to be included as covariates in addition 

to prenatal/postnatal risks (i.e., biological risk status). Finally, two hierarchical linear 

regressions were conducted for the continuous measures of indiscriminate behaviour 

(one for interview and one for observational scores), and two logistic regressions were 

conducted for the dichotomous measures of indiscriminate behaviour (one for interview 

and one for observational scores). Independent variables (predictors) in all models were 

the four prenatal/postnatal risk conditions, entered in a first block, and the OXTR 

rs2254298 variation (i.e., the presence of the A allele—coded with 1—versus GG 

genotype—coded with 0), entered in a second block. Assumptions for these parametric 

analyses were checked. Continuous DAI scores were not normally distributed but 

transformations were not successful, and other assumptions for that measure were met, 

therefore the parametric test was used but interpreted in the context of the remaining 

study results.  

 

Results 

Descriptive statistics 

 Descriptive statistics of all the study variables are presented in Tables 1 and 2. 
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Preliminary analysis 

 Correlations between all the study variables are presented in Table 3. These 

revealed that the two measures of indiscriminate behaviour were only correlated with 

one another and with the OXTR polymorphism. Therefore only the control variables 

that were selected a-priori as relevant (i.e., those indexing a biological risk status) were 

included as covariates in the regression analyses that follow. 

 

Prediction models 

 In order to test a) whether variations in the OXTR rs2254298 predicted levels of 

indiscriminate behaviour, and b) whether results were consistent across different 

measures of such behaviour (i.e., interview and observational, continuous and 

dichotomous scores), a set of regression analysis was conducted. Results of these 

analyses are presented in Tables 4-7. The only significant predictor of IB interview (i.e., 

DAI) and observation (i.e., RISE) continuous scores, and interview dichotomous scores, 

was the OXTR genotype. No significant predictors emerged for observational 

dichotomous scores (i.e., RISE scores ≥5). Thus, the presence of at least one A allele 

predicted higher IB continuous scores on both measures, and predicted the exhibition of 

IB above the cut-off point on the interview, but not the observational measure (for 

which the sample was smaller). 

 Given that ethnicity is related, in the literature, to OXTR rs2254298 allele 

frequencies and to their correlates, all analyses were re-run including the 94 Caucasian 

participants alone (numbers of other ethnicities were too small for separate analysis). 

Among Caucasians, the significant predictors that emerged in the regression analyses 

were as follows. IB interview continuous scores: history of hospitalisation, B = .88 (SE 

= .40), t = 2.20, p = .028 (CI = .10—1.66); OXTR genotype, B = 1.41 (SE = .38), t = 

3.76, p < .001 (CI = .68—2.14) (second block). IB interview dichotomous scores: 

history of hospitalisation, B = -1.28 (SE = .60), Exp(B) = .28 p = .034 (CI = .09—.91); 

OXTR genotype, B = -1.23 (SE = .54), Exp(B) = .29, p = .022 (CI = .10—.84) (second 

block). IB observation continuous scores: low birth weight, B = .88 (SE = .46), t = 1.93, 

p = .056 (CI = -.02—1.78); OXTR genotype, B = 1.10 (SE = .34), t = 3.24, p = .001 (CI 

= .43—1.76) (second block). IB observation dichotomous scores: no significant 

predictors.  
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 All analyses were re-run excluding the minority of AA-carriers (n = 4; as in 

Chen et al., 2011; Thompson et al., 2011). Results held the same as the original and are 

therefore not reported here.  

Discussion 

 The aim of this study was to test, for the first time, the association between a 

polymorphism in the oxytocin receptor gene and individual differences in 

indiscriminate social behaviour, among children living in residential institutions. 

Indiscriminate behaviour (IB) was assessed in a group of Portuguese pre-schoolers by 

interviewing the child’s caregiver and by observing the child in interaction with an adult 

stranger. While controlling for variables indexing children’s biological status (i.e., 

prenatal and postnatal health risks), the presence of at least one copy of the A-allele of 

the OXTR rs2254298 predicted higher levels of IB. This genetic variant also predicted 

the display of IB measured dichotomously, but only when using the interview scores. A 

discussion of these results follows.  

  The involvement of the oxytocinergic system in attachment and social 

behaviour has been studied extensively—both in animal models and humans. In the 

specific case of the OXTR rs2254298 polymorphism, association studies have been 

conducted in regard to several phenotypes related to attachment and social behaviour, 

social cognition, autism, and psychopathology. Yet, no such research has examined the 

association between the OXTR and IB, nor with any phenotype in a sample of 

institutionalised children. From the literature linking the OXTR rs2254298 with those 

phenotypes referred to above, this SNP appeared to be a promising starting point to 

investigate the contribution of OXTR variations to institutionalised children’s frequent 

displays of IB. The present study indicated that this SNP is, indeed, associated to 

displays of IB—at least when coupled with the experience of adverse early care. 

 By assessing children’s IB with both an interview to the caregiver—the DAI—

and (in a subsample) an observation of the child’s behaviour in a laboratory situation—

the RISE—we were able to replicate our findings. Indeed, IB continuous scores in either 

measure were predicted by the presence of the A allele. This is noteworthy because 

these two measures assess IB from quite different perspectives, and they were rated 

independently, from two different contexts and by different coders. They do share, 

however, (at least partially) the same theoretical background in that they both target 

non-normative behavioural disinhibition with strangers, with lack of referring back to 

caregivers. The finding that both measures yielded consistent associations with the 

OXTR lends greater weight to the potential meaningfulness of the finding. 
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 The association between the presence of one or two A alleles (versus the GG 

genotype) and higher levels of IB confirmed our hypothesis that this allele would confer 

vulnerability for displaying this pattern of atypical behaviour in our sample of 

institutionalised children. The A allele has been linked to autism/ ASD, autistic-like 

traits and behaviour and social impairment in non-clinical samples (Chen & Johnson, 

2012; Liu et al., 2010; Parker et al., 2014; Slane et al., 2014; Wu et al., 2005), 

attachment anxiety (Chen & Johnson, 2012), temperamental depressive affect 

(Kawamura et al., 2010), and lower social cognition (Slane et al., 2014; Wade et al., 

2014). However, some studies failed to find any allele-phenotype association (Apicella 

et al., 2010; Bakermans-Kranenburg & IJzendoorn, 2014; Lucht et al., 2013; Luijk et 

al., 2011) and others produced divergent results (Chen et al., 2011; Costa et al., 2009; 

Jacob et al., 2007; Lerer et al., 2008).  

 Even though research findings have not been consistent in associating the A 

variant of this SNP with increased vulnerability for disadvantageous or atypical social 

phenotypes, it has been hypothesised that this might result from the role of the A allele 

as a differential susceptibility factor as opposed to a “risk” factor (Brüne, 2012). In 

support of this hypothesis, one study that tested GXE with this SNP indicated that the A 

allele conferred vulnerability for depressive and anxiety symptoms when associated 

with early adversity (Thompson et al., 2011). Our findings are consistent with those of 

Thompson and colleagues because in our study the A-allele was associated with higher 

IB scores in a sample of children exposed to the adverse rearing conditions of 

institutional care.  

 Despite convergence in continuous scores, while dichotomous ratings on the 

interview were also predicted by the OXTR rs2254298 variant, this result was not 

replicated in dichotomous observational ratings. The cut-off criteria used for DAI scores 

was at least one disinhibited behaviour symptom “definitely present” (based on 

O'Connor et al., 2000; Oosterman & Schungel, 2008; Rutter et al., 2007). Therefore, in 

order to meet cut-off criteria on the DAI, children had to show clear evidence, 

according to the caregiver’s report, of exhibiting disturbed indiscriminate social 

behaviour. The RISE has a cut-off point of a continuous score equal to or larger than 5. 

This means that the child shows at least equal—and possibly greater—affective 

engagement with the stranger than with the caregiver, as well as possibly displays of 

non-normative comfort-seeking from the stranger. While this can also certainly be seen 

as indicative of disturbance or at least deregulation of the child’s social behaviour, it can 

have other interpretations. More importantly, we cannot exclude the possibility that 
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highly sociable children who did not perceive the SSP as stressful—particularly given 

that institutionalised children’s experience of contact with strangers and brief 

separations from caregivers likely differs from that of home-reared children—might 

display more positive behaviour with the stranger and lack of comfort-seeking from the 

caregiver that would not be classified as IB in a more ecological measure. Indeed, the 

RISE identified a higher percentage of children as indiscriminate (44%) than the DAI 

(22%). However, it is not clear whether one instrument is over-classifying (i.e., 

detecting “false positives”) or if the other is missing positive cases. Nevertheless, these 

different percentages are in line with what we found in a recent study of Portuguese 

institutionalised infants (Oliveira et al., 2012; Soares et al., 2014). Clearly, the strengths 

and weaknesses of the RISE—independent and systematic observations, but limited 

window for them—are the flip side of those of the DAI—larger samples of behaviour, 

and in naturalistic situations, but possible respondent bias and frequent lack of 

knowledge of that individual child by institutional caregivers. Therefore, this study is 

enriched by the availability of both interview and observational information. In the case 

of dichotomous ratings of IB, the two measures were divergent in regard to the 

association with the OXTR rs2254298. This can either be attributable to the potentially 

different significance of scoring above the cut-off value for each instrument, for the 

reasons exposed, or to lack of statistical power in the analysis of the RISE with the 

smaller sample and with dichotomised data. A replication of these results using the 

RISE in a larger sample would allow clarification of these hypotheses.  

 Overall, the current study provides consistent, albeit only initial, evidence of an 

association between the OXTR rs2254298 polymorphism and displays of IB in 

institutionalised children. This adds to the literature suggesting that disruption of 

oxytocin biology is one mechanism through which early adverse environments lead to 

greater vulnerability to stress-related psychosocial and psychopathological outcomes 

(Cicchetti & Rogosch, 2012; Thompson et al., 2011). However, in what way this 

association between the A allele and negative psychosocial outcomes is related to 

expression and transcription of protein products and to central and peripheral levels of 

OT is unclear (but see Feldman et al., 2012; Parker et al., 2014). Therefore, future work 

including measures of OT levels and several SNPs of this gene is warranted. For now, 

we can speculate that the association between variations in the OXTR and IB can be 

related to the involvement of OT in inhibiting defensive behaviour, which facilitates 

approach (Heinrichs & Domes, 2008). Indeed, there is already evidence from human 

studies that intranasal administration of oxytocin decreases amygdalar activation in 
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response to threatening scenes, decreases anxiety after a social stressor, and increases 

feelings of interpersonal trust (Heinrichs, Baumgartner, Kirschbaum, & Ehlert, 2003; 

Kirsch et al., 2005; Kosfeld et al., 2005). Thus, hypothetically, institutionalised children 

who were A-carriers could engage in IB due to the facilitative influence of higher levels 

of OT (higher OT levels have been found in carriers of the A allele; Feldman et al., 

2012). This facilitative and anxiolytic role of OT is interesting in the context of IB 

because it has been proposed that displays of this behavioural pattern might be adaptive 

in the institutional setting (Smyke, Dumitrescu, & Zeanah, 2002)—i.e., to try to engage 

overloaded and unresponsive caregivers—even though they will no longer serve that 

function in other environments, such as an adoptive family or at school. In fact, even if 

seen as adaptive in an institutional setting, IB has a high developmental cost and is 

associated with long-term impairments in social functioning (Hodges & Tizard, 1989; 

Kreppner et al., 2010). In addition, increased levels of OT are not always associated 

with positive outcomes; instead, it has been proposed that in conjunction with positive 

affiliative contacts, oxytocin attenuates psychological and biological stress responses, 

but if this impetus for affiliation in response to stress encounters hostile and 

unsupportive contacts, oxytocin may exacerbate psychological and biological stress 

responses (Taylor, 2006). 

 Nevertheless, the hypothetical explanation of the association between IB and OT 

based on the facilitative role of OT for approach behaviour and inhibition of social 

anxiety is difficult, or at least complex, to reconcile with the effects of OT on increased 

social cognition. For example, administration of OT actually improves social cognition 

skills, including the ability to infer others’ affective states (Domes et al., 2007), which is 

likely impaired in children with IB—whose approach to strangers is often perceived as 

inappropriate. Furthermore, children with histories of early institutionalisation and 

adverse early care have been found to have lower OT levels (Fries et al., 2005; Heim et 

al., 2009; Winslow et al., 2003)—however it is also true that individual differences in 

atypical social behaviour have never been taken into account. Interestingly, in Fries and 

colleagues’ study (2005), post-institutionalised adoptees had a smaller rise in urinary 

OT levels after an interactive episode with their mother, compared to family-reared 

controls. In contrast, the two groups did not differ in OT levels after the interactive 

episode with an adult stranger. However, because this work did not take into account 

individual differences in atypical social behaviour, that is an interesting avenue for 

future exploration. Only after studies include measurements of IB and OT levels in 

addition to the OXTR genotype we will be able to test these hypotheses. 
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 Even though the rs2254298 is not located within the coding region of OXTR, it 

might constitute a very relevant marker of individual differences in behaviour, for 

example by being involved in the modulation of gene expression or by being in linkage 

disequilibrium with other functionally significant SNPs (Chen et al., 2011; Costa et al., 

2009; Parker et al., 2014). 

 While the functionality of this SNP remains to be understood, we provided 

further evidence that displays of IB in institutionalised children are, in part, influenced 

by the individual’s genetic makeup. This is consistent with a large twin study which 

indicated that both genes and environment explained significant proportions of the 

variance of “disinhibited attachment behaviour” (Minnis et al., 2007)—even though it 

was in a sample from the community, which limits generalisation to children in 

institutional care and to IB that emerges from caregiving neglect. Nevertheless, the 

suggestion that genetics plays an important role in the development of IB is also 

consistent with findings from the randomised control trial by the BEIP team with 

institutionalised children in Romania (Drury et al., 2012). Because of their design they 

were able to test GXE by comparing children who were randomised to remain in 

institutional care to those who were randomised for placement in high-quality foster-

care. They found that polymorphisms in two genes, BDNF and 5HTT, thought to confer 

increased plasticity to environmental contingencies, were associated with the highest 

levels of IB in children who remained institutionalised and the lowest levels of IB in 

children placed in foster-care. Children without these “plasticity genetic variants” 

demonstrated little difference in levels of IB over time and across groups.  

 Taken together, these findings may help elucidate why the environment alone 

does not explain all variation in the emergence and persistence of IB (Soares et al., 

2013). Rather, IB is likely to be, like other aspects of social behaviour, influenced in 

part by many genes (of small effect) as well as by the environment (Ebstein et al., 2010; 

Plomin, 2013). In addition, these findings provide further evidence that genetic 

differences contribute to explain the marked inter-individual variation that is observed 

in responses to adversity (Kumsta et al., 2010; Rutter et al., 2006).  

 

Limitations and future directions 

 There are several limitations to consider when interpreting these findings. 

Firstly, our sample was small by current standards in genetic association studies. 

However, this is understandable given challenges inherent to research with 

institutionalised children. Indeed, our sample size was identical to other studies of this 
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kind (Drury et al., 2012; Kumsta et al., 2010). Nevertheless, as with all research with 

candidate genes, these results should be replicated in a larger, independent sample, in 

order to confirm our positive finding (Duncan & Keller, 2011).   

 Another limitation is that we only investigated the contribution of a single SNP 

(OXTR rs2254298) on behaviour. It has been suggested that multiple SNPs/ haplotypes 

and Genome-wide association studies are more appropriate to test genetic influences 

over the environment on a scale that is more appropriate to our lack of knowledge about 

how genes act; however, such designs do not replace the importance of studying the 

association of relevant candidate genes with a reliably measured phenotype (Jaffee & 

Price, 2012; Plomin, 2013; Weiss & Terwilliger, 2000). 

 In this study we did not directly test gene-environment interactions. We tested a 

candidate gene-phenotype association in one extreme of the caregiving environment, 

and did not include a comparison group (exposed to a different environment) nor 

assessed individual differences in the quality of care received within the institutional 

group. Future research would greatly benefit from including such a comparison group, 

as well as assessing intra-group differences among the institutionalised children—for 

example in terms of caregiver sensitivity. Interestingly, parental sensitivity has already 

been related to the OXTR (Bakermans-Kranenburg & IJzendoorn, 2008; Feldman et al., 

2012). Such design would also allow direct testing of the differential susceptibility 

hypothesis (Ellis, Boyce, Belsky, Bakermans-Kranenburg, & Ijzendoorn, 2011). 

 There are also a number of limitations related to the statistical properties of our 

measures. Firstly, RISE scores were not available for the totality of the sample. This 

further complicates the already mentioned problem with having a small sample; 

furthermore, the lower statistical power may have had an influence on the null result 

with RISE dichotomous scores. Secondly, DAI continuous scores were not normally 

distributed. Nevertheless, this does not appear to have had a strong impact on results, 

given that they were highly significant and replicated with the RISE, and supported by 

both preliminary and follow-up analyses with the DAI. Another limitation was that the 

presence of siblings in the sample was not controlled, due to the limited availability of 

statistical tests on SPSS for imputed data (e.g., complex samples analysis for clustered 

data). Finally, the variables indexing biological risk (particularly those addressing 

prenatal contingencies) had several missing cases, which required missing data 

imputation. This missingness may introduce bias in the data, however the methods used 

to deal with missing information are assumed to have reduced such bias. 



 

 221 

 Lastly, caution is warranted when interpreting these results and generalising 

them to other populations because the literature with this SNP reports a pronounced 

discrepancy in allelic frequencies and correlates with behaviour across samples of 

different ethnicity. Therefore, we controlled for the confounding effect of ethnic 

background in this study. Nevertheless, even though 25% of our sample was non-

Caucasian, results were unrelated to ethnicity and remained identical when considering 

Caucasian participants alone.  

 To conclude, this small genetic association study has several limitations but 

nevertheless provides an important contribution to the study of indiscriminate social 

behaviour—a common phenotype observed in children placed in institutional care. 

Bearing such limitations in mind, the current work has heuristic value that hopefully 

will stimulate further research in this topic.   
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Table 1. Descriptive statistics of children’s variables. 

 M (SD) Range/ Frequency (%) 

Gender  Male: 74 (59.2%); Female: 51 (40.8%) 

Age 55.09 (10.86) 36-78 

Age at admission 36.27 (15.82) 3-69 

Institutionalisation length 18.54 (11.79) 6-59 

Developmental quotient  97.16 (11.71) 70-129 

Prematurity   Present: 26 (20.8%) Absent: 99 (79.2%) 

Low birth weight   Present: 32 (16.5%) Absent: 93 (74.4%) 

History of disease   Present: 37 (29.6%) Absent: 88 (70.4%) 

History of hospitalisation   Present: 36 (28.8%) Absent: 89 (71.2%) 

Indiscriminate behaviour: 
interview  

1.23 (1.77) Range: 0-9 
Present: 28 (22.4%) Absent: 97 (77.6%) 

Indiscriminate behaviour: 
observation (n = 75) 

4.71 (1.37) Range: 2-9 
Present: 33 (44.0%) Absent: 42 (56.0%) 

Note. For Prematurity (original n = 101), Low birth weight (original n = 103), History 
of disease (original n = 119), and History of hospitalisation (original n = 116), 
descriptives are provided using the pooled complete data sets. 
 

 

Table 2. Allele and genotype frequencies of the OXTR rs2254298 SNP. 

 Genotype distribution  

mAF  GG AG AA 

1. Overall sample (N = 125) 86 (68.8%) 35 (28.0%) 4 (3.2%) .17 

  1.1. Caucasians (n = 94) 66 (70.2%) 25 (26.6%) 3 (3.2%) .16 

  1.2. Other ethnicities (n = 31) 20 (64.5%) 10 (32.3%) 1 (3.2%) .19 

      1.2.a. African-Portuguese (n = 17) 8 (47.1%) 8 (47.1%) 1 (5.9%) .29 

      1.2.b. African (n = 10) 9 (90.0%) 1 (10.0%) 0 (0.0%) .05 

      1.2.c. Other (n = 4)  3 (75.0%) 1 (25.0%) 0 (0.0%) .13 

Note. mAF = minor allele frequency (A). 
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Table 3. Correlations between study variables. 

 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

1. Gender 
 

            

2. Age 
 

.10            

3. Age at admission 
 

.09 .72***           

4. Institutional length -.06 -.11 -.72***          

5. Developmental quotient  -.12 -.08 -.04 .01         

6. Prematurity  
 

.010 -.10 -08 -.02 -.01        

7. Low birth weight  
 

-.15 .00 .09 -.17 .03 .38       

8. History of disease  
 

.08 -.02 -.17 .20* -.19* .11 -06      

9. History of hospitalisation  .14 -.10 -.08 .02 -.18* .03 -.05 .38***     

10. Indiscriminate 
behaviour: interview  

.08 .05 .08 -.10 -.16 .03 -.05 -.01 .15    

11. Indiscriminate 
behaviour: observation 

-.13 -.11 .03 -.19 -.01 -.02 .11 .07 -.03 .27*   

12. OXTR genotype (at 
least one A allele vs. GG) 

-.11 .01 -.08 .09 -.05 -.05 -.05 -.05 .00 .28** .28*  

Note. Pearson or point-biserial correlations (two-tailed); N = 125; *p < .05, **p < .01, ***p < .001. 
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Table 4. Prediction model for indiscriminate behaviour: interview continuous scores. 
 

Model;  

predictor 

Unstandard. 
coefficient 

 

t 

 

sig. 

 

95% CI 

B SE Lower Upper 

1        
Prematurity .29 .46 .63 >.1 -.62 1.20 

Low birth weight -.28 .44 -.65 >.1 -1.15 .58 

Hist. disease -.36 .39 -.93 >.1 -1.12 .40 

Hist. hospitalisation .72 .38 1.87 .061 -.03 1.47 

2       
Prematurity .33 .48 .69 >.1 -.63 1.28 

Low birth weight -.23 .43 -.54 >.1 -1.09 .62 

Hist. disease -.30 .38 -.78 >.1 -1.04 .45 

Hist. hospitalisation .68 .37 1.83 .068 -.05 1.41 

OXTR genotype 1.08 .33 3.24 .001 .43 1.73 

 

 

Table 5. Prediction model for indiscriminate behaviour: interview dichotomous scores. 

Model;  

predictor 

Unstandard. 
coefficient 

 

sig. 
EXP 

(B) 

95% CI for 
EXP(B) 

B SE Lower Upper 

1        
Prematurity -.32 .70 >.1 .73 .18 2.94 

Low birth weight .38 .68 >.1 1.46 .37 5.76 

Hist. disease .44 .57 >.1 1.56 .51 4.75 

Hist. hospitalisation -.91 .51 .073 .40 .15 1.09 

2       
Prematurity -.40 .77 >.1 .67 .14 3.23 

Low birth weight .35 .71 >.1 1.41 .34 5.96 

Hist. disease .44 .60 >.1 1.55 .48 5.01 

Hist. hospitalisation -.95 .54 .076 .39 .14 1.11 

OXTR genotype -1.11 .46 .016 .33 .13 .82 
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Table 6. Prediction model for indiscriminate behaviour: observational continuous 

scores. 

Model;  

predictor 

Unstandard. 
coefficient 

 

t 

 

sig. 

 

95% CI 

B SE Lower Upper 

1        
Prematurity -.22 .57 -.38 >.1 -1.40 .97 

Low birth weight .46 .49 .94 >.1 -.53 1.45 

Hist. disease .37 .39 .94 >.1 -.40 1.14 

Hist. hospitalisation -.19 .37 -.52 >.1 -.93 .54 

2       
Prematurity -.12 .63 -.19 >.1 -1.48 1.24 

Low birth weight .56 .51 1.10 >.1 -.49 1.61 

Hist. disease .36 .38 .94 >.1 -.39 1.10 

Hist. hospitalisation -.17 .36 -.47 >.1 -.88 .54 

OXTR genotype .86 .33 2.59 .010 .21 1.51 

 

 

Table 7. Prediction model for indiscriminate behaviour: observational dichotomous 

scores. 

Model;  

predictor 

Unstandard. 
coefficient 

 

sig. 
EXP 

(B) 

95% CI for 
EXP(B) 

B SE Lower Upper 

1        
Prematurity .43 .97 >.1 1.54 .19 12.25 

Low birth weight -.48 .79 >.1 .62 .12 3.16 

Hist. disease -.38 .59 >.1 .69 .22 2.18 

Hist. hospitalisation .49 .57 >.1 1.63 .54 4.95 

2       
Prematurity .38 1.06 >.1 1.47 .14 14.94 

Low birth weight -.59 .86 >.1 .56 .09 3.40 

Hist. disease -.38 .60 >.1 .68 .21 2.23 

Hist. hospitalisation .49 .58 >.1 1.63 .52 5.05 

OXTR genotype -.69 .52 >.1 .50 .18 1.40 
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Chapter 8 

 

General discussion 

 

 Even though early institutionalisation is known to affect children’s development, 

limits remain in the understanding of how and why some institutionalised children 

develop a pattern of indiscriminate social behaviour and others do not. This thesis 

aimed to address that question, by assessing indiscriminate behaviour (IB) using both 

the caregiver’s report and observations, and by exploring multi-level influences 

regarding the environment where the child is developing, the neural substrates of such 

behaviour and the contribution of genetic variability. 

 In this closing chapter offering a General Discussion I will integrate the main 

findings of the five studies of this thesis, address how such results provide answers to 

the questions presented in the General Introduction (Chapter 1), as well as discuss the 

implications of our findings for the understanding of and intervention on IB and the 

development of children in institutional care. 

 

Summary of methodologies and findings 

 

 Each of the empirical studies included in this thesis addressed one aspect—or 

one “level” of the ecological, multi-level approach mentioned earlier—of the putative 

aetiological factors contributing to children’s development of IB. The first study 

assessed the role of variables of the quality of care (i.e., the environment) in displays of 

IB, the following two examined neural correlates of IB, and the last one explored the 

influence of variability in one candidate gene on displays of IB. A limitation to keep in 

mind when interpreting findings from the several separate studies is that the samples 

included in each do not completely overlap, due to the on-going process of data 

gathering (which resulted in the sample increasing from Chapter 3 to 7) and the 

different designs of the studies (i.e. only Chapter 5 included a comparison group).  

 The study “Quality of institutional care and early childhood development” 

(Chapter 3) aimed to explore the contribution of distal and proximal characteristics of 

the quality of care experienced by institutionalised children on levels of IB. It also 

aimed to examine which of these caregiving characteristics differentially predicted 

levels of IB and which predicted levels of inhibited attachment behaviour or secure-base 

distortions and other emotional/behavioural problems. In 72 institutionalised pre-
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schoolers (NB: this was the sample available at the time of preparation of that study, 

who did not meet exclusion criteria), IB, inhibited attachment behaviour and secure-

base distortions were assessed by interviewing the caregiver on the Disturbances of 

Attachment Interview (DAI), whereas emotional/behavioural problems were reported 

by the caregiver on the Child Behaviour Checklist (CBCL). Distal characteristics of 

caregiving that were assessed were the length of institutionalisation and the “stability 

and individuality of care provided by the institution” (i.e., staffing variables of the 

overall institution). Proximal characteristics of caregiving that were measured were the 

“stability and individuality of care provided by the caregiver” (i.e., staffing variables of 

that individual caregiver), as well as the classification of the caregiver–child 

relationship (i.e., was she just an assigned caregiver, a caregiver of reference or a 

preferred caregiver for that child), and the caregiver’s sensitivity in interaction with that 

child. The child’s developmental quotient was (negatively) associated with inhibited 

attachment only. The single variable of the caregiving quality that predicted higher 

levels of IB was the insensitivity of the caregiver. This caregiving variable also 

predicted more secure-base distortions, while a less selective classification of the 

relationship with the caregiver predicted increased inhibited attachment. None of the 

included caregiving measures predicted children’s levels of emotional/behavioural 

problems on the CBCL.  

 As a preparation for the new territory I was going to enter with the ERP 

empirical studies, we decided to systematise the existing literature in the theoretical 

paper “Exposure to early institutional care: A systematic literature search of the 

electrophysiological evidence” (Chapter 4). While decades of theory and research are 

expressed in an extensive literature about attachment and the behavioural effects of 

institutional rearing, the application of neuroimaging to the study of institutionalised 

children’s development is relatively recent. The electrophysiological evidence of the 

impact of institutionalisation on brain development can be summarised in one main 

finding: children exposed to institutional care, when compared to age-mates raised 

continuously in their birth families, show sings of a pervasive cortical hypoactivation. 

This was demonstrated not only by the increased low-frequency and decreased 

mid/high-frequency power of their EEGs, but also by their blunted ERP components, 

particularly when processing faces. In addition, while no aberrant differences have been 

described in respect to the processing of familiar versus unfamiliar faces or the ability to 

recognise different emotions, in the cognitive domain institutionalised children showed 

deficits in attention and response-monitoring. Finally, altered brain activity patterns 
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contributed to explaining the adverse impact of the exposure to institutional care on 

children’s cognitive functioning, social skills and psychopathology levels. The scarce 

research that has analysed neuroimaging correlates of IB suggests that a pattern of 

hypoactivation and lack of face familiarity discrimination might constitute neural 

markers of such behavioural presentation. 

This literature set the background for the two ERP empirical studies. 

Participants were the first 100 recruited institutionalised children, of whom 47 did not 

meet exclusion criteria and had sufficient usable data, and 55 recruited comparison 

children, of whom 30 underwent EEG testing and had sufficient usable data. With the 

objective of investigating the neural substrates of institutionalised children’s displays of 

IB, we decided to divide such task in two phases: first, a comparison between 

institutionalised and family-reared children, in order to investigate neural correlates of 

institutional rearing; second, an intra-group comparison of institutionalised children 

with and without IB, to allow a fine-grained investigation of the neural correlates of IB 

in these children. Accordingly, first, we compared the 47 institutionalised children to 

the group of 30 family-reared children, in the study “Neural correlates of face 

familiarity in Portuguese institutionalised children: Comparison to a family-reared 

group” (Chapter 5). Children visualised the picture of their caregiver (or mother in the 

comparison group) and the picture of a female stranger, posing a neutral emotional 

expression, while their EEG signal was recorded. The most salient result was that, as 

expected, institutionalised children showed reduced amplitudes in occipital 

components—the P1 and the N170, and marginally in the P400—compared to their 

family-reared age-mates. The groups also differed in latencies to several peaks—P1, 

N170 and P250—particularly among the younger children, with the institutionalised 

group showing slower latencies than the comparison group. Both groups showed signs 

of discrimination of faces in the N170 and the P250 (i.e., the N170 was larger and faster 

and the P250 larger for the caregiver’s than stranger’s face), although some of these 

effects were observed among older children in the institutionalised group and among 

younger children in the comparison group. Other findings suggested similarities and 

differences in the age-trajectories of ERP components between institutionalised and 

family-reared children: while among all participants older children showed a larger and 

faster P400 than younger children, there were age effects in the other components that 

were only seen in the institutionalised group. Finally, both groups showed similar 

laterality and regional effects, mainly larger amplitudes but slower latencies over the 
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parieto-occipital than the occipital leads, and a larger P1 over the right than left 

hemisphere. 

In the second phase of this task, described in the study “Neural correlates of 

indiscriminate social behaviour in Portuguese institutionalised children” (Chapter 6), we 

made an intra-group comparison, among the 47 institutionalised children. A sub-set of 

23 children with IB above the established cut-off criteria, either on the interview or the 

observational measure (i.e., indiscriminate group) was compared to 21 children who did 

not display IB above the cut-off (i.e., non-indiscriminate group); the 3 children with 

high levels of inhibited attachment, and who were not included in the indiscriminate 

group, were excluded from analysis. Results revealed that, as expected, indiscriminate 

children showed reduced amplitudes in occipital components compared to non-

indiscriminate children, in support of the role of IB in partly explaining institutionalised 

children’s neural hypoactivation when processing faces. These reduced amplitudes in 

indiscriminate children were visible in the P1, in response to the caregiver’s face, and 

the P400, for both faces (although more pronounced in response to the caregiver’s face). 

The hypothesis that indiscriminate children, contrary to non-indiscriminate children, 

would fail to show discrimination between the two faces, received mixed support. 

Specifically, only non-indiscriminate children showed a larger P1 amplitude for the 

caregiver’s than stranger’s face, but all participants showed a larger N170 amplitude for 

the caregiver’s than stranger’s face. Group differences in the differential processing of 

the two faces were also found in P1 and N170 latencies, but such effects depended on 

the length of institutionalisation. Namely, only non-indiscriminate children 

institutionalised for longer periods showed faster latencies in these components for the 

face of their caregiver than the stranger’s. Finally, there were both similarities and 

differences in regional effects between indiscriminate and non-indiscriminate children. 

Also, children institutionalised for shorter periods, but not those institutionalised for 

longer, showed the normative right asymmetry in P1 amplitude. However, cautious is 

needed when interpreting these results, specially those who divide children according to 

their length of institutionalisation, because of the small sample size. To finalise, it is 

important to note that even though the strategy of dividing the ERP analyses in two 

stages (i.e. one of inter-group and another of intra-group analyses) allowed to test, 

separately, neural markers of the rearing environment from neural markers of IB in 

institutionalised children, it limits conclusions regarding how the three groups of 

children compare. In addition, even though the presence of IB in children from the 

community is expected to be very low and to carry a different meaning from the display 
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of such behaviour by children in institutional care, it would have been helpful to have 

an assessment of IB in the comparison group. However, such assessment was not 

possible due to practical reasons of lack of time. 

The last level of assessment of explanatory variables of IB was concretised via 

the genetic association study “Association between the oxytocin receptor gene (OXTR) 

and indiscriminate social behaviour in institutionalised children” (Chapter 7). Because 

recruitment had continued until the preparation of this study, more participants were 

available at this point. There were 125 institutionalised children who did not meet 

exclusion criteria and who had both assessments necessary for this study. The OXTR 

and, in particular, the candidate single nucleotide polymorphism (SNP) rs2254298, was 

chosen due to its implications in attachment and social behaviour. The genotype of the 

125 institutionalised children in this SNP was tested as a predictor of their displays of 

IB as rated in the interview and observational measures, while controlling for children’s 

biological status. Results revealed that the presence of at least one copy of the A-allele 

of the OXTR rs2254298 predicted higher levels of IB. This genetic variant also 

predicted the display of IB measured dichotomously, but only when using the interview 

scores. Two important limitations of this study were the relatively small sample size and 

the absence of a comparison group with data on IB and the OXTR, which would have 

allowed testing gene by environment interactions models.  

Unfortunately, a mediation model combining the several predictors of IB 

resulting from each empirical chapter (i.e. caregiving or environmental, neural, and 

genetic) was not possible to test because of the small sample that had ERP data. 

Nevertheless, I will now address how these findings relate to each other and how their 

meaning improves our understanding of IB.  

 

What are the precursors of IB in children reared in an institutional context?  

 

 This thesis aimed to explore the contribution of several variables of the child and 

her surrounding environment to displays of IB, hoping to improve our understanding of 

why and how some institutionalised children develop IB and others do not. Across the 

several empirical studies we found evidence in indication of an important contribution 

of the quality of relational care that the child experiences at the institution, the 

association of IB with neural hypoactivation and with weaker neural differentiation 

between the caregiver and the stranger’s faces, and with the genotype in one 

polymorphism of the OXTR.  
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 Therefore, as hypothesised, the development of IB in some institutionalised 

children appears to result from the interaction of multiple agents in the child’s life, 

beyond the increased risk imposed by the experience of institutionalisation per se. 

However, due to the cross-sectional design of these studies, we cannot establish true 

causation between those agents and the eventual emergence of IB. Importantly, contrary 

to children in Eastern institutions participating in other studies in the field, the majority 

of the children in the current thesis had been institutionalised when they were in their 

preschool years, long after the period of establishment of primary attachment 

relationships—which means that their displays of IB at the institution likely co-occurred 

with established attachments to their parents or other elements of the family of origin. 

Furthermore, given that all the variables studied are the product of interactions between 

the organism and the surrounding environment, we cannot assume an unidirectional 

pathway between quality of care, neural functioning and even genotype and the 

emergence of IB. 

 To clarify, and beginning with the quality of care that each child received, this 

was assessed by coding the interactive behaviour of the caregiver with that individual 

child. Not only does the behaviour of the caregiver that is being rated in interaction with 

the child, by definition, depend on transactional processes that occur between the two 

(Ainsworth, 1969), but it also depends on the relationship history that they have. The 

relationship that a child establishes with her caregiving figures is known for being a 

transactional process with bi-directional—and contextual—influences (Bowlby, 

1969/1982; Sroufe, Egeland, Carlson, & Collins, 2005), for example in terms of 

autonomy and emotional wellbeing of the adult and temperamental disposition of the 

child (van IJzendoorn, 1995). 

 Regarding the neural correlates of IB, it is also not clear whether the atypical 

patterns that occur from the adaptation to the institutional context underlie the displays 

of IB or if the displays of IB contribute to the emergence of those functioning patterns. 

Indeed, the institutional setting usually does not provide the conditions for species-

typical relational experiences, including the exposure to facial stimuli. By being cared 

by multiple and rotating caregivers, who are often overloaded and disengaged from 

children (e.g. interactions are often “business-like”), the latter have few opportunities 

for one-to-one interactions and these are frequently from a different quality than what 

would happen in a family setting. These experiences are thought to have a crucial 

impact on children’s neurodevelopment of face processing, given that evidence on the 

development of this neural system is compatible with the theory of “interactive 
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specialisation” (Johnson, 2011). Specifically, according to this framework, subcortical 

and cortical regions begin with poorly defined and broad functionality that become 

increasingly specialised during development, resulting from activity-dependent 

interactions between those regions and re-organisation of neural networks. Accordingly, 

face processing becomes more specialized with increasing age (Johnson, 2011), and the 

timing of visual inputs during development is important for the normal development of 

the system (de Haan, Humphreys, & Johnson, 2002). From the perspective of the 

interactive specialisation framework, atypical patterns of neural processing of faces—

which were found in our sample of institutionalised children and, particularly, those 

displaying IB—is seen as resulting from atypical patterns of specialization (i.e. tuning 

cortical areas to stimuli or tasks in ways that differ from the typical pattern) (Johnson, 

2011). 

 Finally, the variability in one’s genetic makeup can also be influenced by the 

individual’s experiences, for example via levels of gene expression and DNA 

methylation. Thus, the putative aetiological factors that were analysed in relation to IB 

are nor entirely or exclusively antecedents of behaviour. 

 In spite of these limitations to ascertain cause and effect, the results presented in 

this thesis provide evidence for the important contribution of these various levels of 

influence, ranging from genes, through brain, to environment, on the emergence of IB in 

institutionalised children.  

 

 

What variables of the organism and of the environment contribute to institutionalised 

children’s vulnerability and resilience for developing such atypical behaviour? 

 

 After having given an overview of our findings and noted the limitation in 

making inferences about causation, I will now detail which specific variables of the 

environment, brain functioning, and genetic makeup, were involved in explaining such 

individual variability in displays of IB in this sample of Portuguese institutionalised pre-

schoolers. 

  The association of IB with institutional rearing and inadequate or insufficient 

caregiving is well established in the literature (e.g., O'Connor, Bredenkamp, Rutter, & 

the ERA Study Team, 1999; Oosterman & Schungel, 2008; Smyke, Dumitrescu, & 

Zeanah, 2002; van den Dries, Juffer, van Ijzendoorn, Bakermans-Kranenburg, & 

Alinka, 2012). After all, it was in institutionalised or long-term hospitalised children 
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that this behavioural pattern was first described (Goldfarb, 1945; Provence & Lipton, 

1962; Spitz, 1946; Tizard & Rees, 1975).  However, beyond consideration of timing and 

duration of institutional rearing (which was not possible to disentangle in the current 

study), only a few studies have focused on understanding the individual variability in 

caregiving quality that each child experiences within the institution, and how that relates 

to IB. The existing research indicates that above the mere experience of 

institutionalisation, it is the micro-caregiving—i.e., relational aspects of caregiving—

what has vital importance in explaining inter-individual variation in displays of IB. 

Indeed, not only has IB been described in institutions that offer good quality of general 

care but fail to provide consistent and responsive caregiving (Oliveira et al., 2012; Roy, 

Rutter, & Pickle, 2004; Tizard & Rees, 1975; Vorria, Rutter, Pickles, Wolkind, & 

Hobsbaum, 1998), but also intervention work has implicated directly the effect of 

reducing the number of adults involved in children’s care at the institution in decreased 

levels of IB (Smyke et al., 2002). 

 Yet, associations of IB with ratings of proximal aspects of the quality of 

caregiving have been inconsistent. In spite of the association between the adoptive 

mother’s sensitivity and post-institutionalised/fostered children’s reduced IB, the same 

link between caregiver’s sensitivity and reduced IB has not been found in currently 

institutionalised children. Specifically, in currently institutionalised children from the 

BEIP, quality of caregiving coded from naturalistic observations was not related to IB 

(Zeanah, Smyke, Koga, Carlson, & The BEIP Core Group, 2005), and in a sample of 

Ukrainian institutionalised children with and without HIV infection, better quality of 

caregiving, in terms of sensitivity and non-intrusiveness of the main caregiver (coded 

from a 3-minute interaction without toys), was actually associated with more IB 

(Dobrova-Krol, Bakermans-Kranenburg, van IJzendoorn, & Juffer, 2010).  

 However, the methodological differences between these two studies and the one 

I presented in Chapter 3 are considerable: on the one hand, naturalistic observations of 

several aspects of caregiving quality might capture other dimensions in addition to those 

specific to the close dynamic of sensitivity of the caregiver in interaction with the child; 

on the other hand, a 3-minute interaction with no toys might not be sufficient for a 

reliable coding of the sensitivity construct. Dobrova-Krol and colleagues interpreted 

their finding as possibly simply resulting from the natural reaction of caregivers to 

children’s contact-inducing behaviours, that however do not promote children’s 

wellbeing because of the shallow nature of such contacts.  
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 In our study, a challenging interaction task between child and caregiver was 

designed to mimic the obstacles imposed by the busy institutional environment to the 

caregiver-child interaction, and occurred throughout a series of episodes where different 

aspects of such obstacles were represented. These episodes were coded with an 

adaptation of Aisnworth’s sensitivity versus insensitivity scale (1969), which assesses 

the caregiver's ability to perceive and to interpret accurately the signals and 

communications implicit in her child's behaviour, and given this understanding, to 

respond to them appropriately and promptly. In this context, increased caregiver’s 

sensitivity predicted reduced levels of IB in our sample. No other variables of the 

caregiving quality that the child received at the institution were related to displays of IB. 

Accordingly, this evidence supports the suggestion by the existing literature that it is the 

micro-caregiving that each child receives in the institution what is more crucial in 

explaining which children are more vulnerable to displaying IB. Conversely, children 

who established a preferential relationship with a sensitive caregiver (or who were 

assigned this person as their key worker) might have been protected from developing IB 

in spite of the exposure to the adverse environment of the institution. If displays of IB, 

as has been hypothesised, emerge as a strategy to engage overloaded and unresponsive 

caregivers (Chisholm, Carter, Ames, & Morison, 1995; Smyke et al., 2002), children 

whose key caregiver is more sensitive might not feel that need to try to engage anyone. 

 Also relevant to consider when interpreting the inconsistency of the above-

mentioned findings between studies is the different characteristics of the samples. 

Specifically, children placed in East European institutions, such as the Romanian 

children from the BEIP, were usually removed from the biological family or abandoned 

at or soon after birth, frequently after being exposed to poor pre-natal conditions, and 

placed in an institutional care system that although improving under the recent reforms, 

is still rather disorganised and deprived in many aspects (IMAS & UNICEF Romania, 

2004). On the other hand, the Portuguese children in the current thesis were most 

frequently withdrawn from their parents due to neglect and other familial circumstances 

that were considered to endanger children’s physical or psychological wellbeing, and 

were placed in the institution at later and varying ages. In these (Portuguese) 

institutions, general quality of care (even though with variation across institutions) is 

high in regard to nutrition, medical care, access to therapies, planned activities targeting 

cognitive stimulation and outdoor play, for example. Nevertheless, the psychosocial 

neglect (resulting from the high number of rotating staff, high ratios of children to 

caregivers, little time for individualised interactions, etc.) considered of key importance 
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to explain institutionalised children’s socioemocional outcomes, including displays of 

IB, is transversal to the several institutional settings.  

 In spite of the consistent link between institutional rearing and the emergence of 

IB, and even taking into account individual variations in caregiving received at the 

institution, environmental contingencies alone cannot explain why some children 

develop IB and others do not, why there appears to be a sensitive period for when 

institutional rearing has its clearest effects, and why IB tends to persist in some post-

institutionalised children even years after placement in the adoptive family. Indeed, this 

suggests an important role of early social experiences on the development of neural 

circuitry relevant to socioemotional behaviour regulation (i.e., biological programming 

of behaviour; Marshall & Kenney, 2009; Rutter & O’Connor, 2004; Tarullo, Garvin, & 

Gunnar, 2011). Remarkably, in addition to a growing body of literature linking 

institutional rearing, in general, with atypical brain development (e.g., Behen et al., 

2009; Chugani et al., 2001; Govindan, Behen, Helder, Makki, & Chugani, 2010; Maheu 

et al., 2010; Mehta et al., 2009; Tottenham et al., 2011), investigators have recently 

started to examine brain correlates of IB in post-institutionalised adoptees. In summary, 

IB has been found to be predicted by a pattern of increased low-frequency and 

decreased high-frequency EEG power, which suggests neural hypoactivation, and to 

correlate with reduced differentiation, at the level of amygdala activation, between 

visualising the face of the adoptive mother versus that of a stranger (Olsavsky et al., 

2013; Tarullo et al., 2011). 

 Chapters 5 and 6 focused on improving our understanding of the neural 

substrates of IB—which was assessed based on the DAI and on the Rating of Infant and 

Stranger Engagement (RISE). Based on the literature, we expected to find evidence of 

those two aspects of brain functioning that appear to be altered in institutionalised 

children and children with IB: a) signs of neural hypoactivation, which have been found 

in institutionalised samples, in general, and to correlate with IB, in particular; and b) 

lack of differentiation between the faces of the caregiver and a stranger, which has not 

been found to be the case in institutionalised samples in general but appear to be 

specific to children with IB. Our results globally support those two hypotheses. First, 

institutionalised children showed smaller amplitudes in occipital components and 

slower latencies than family-reared children, in indication of neural hypoactivation and 

slower processing of the facial stimuli. Even though institutionally and family-reared 

children appeared to process the mother/caregiver’s face versus the stranger’s in similar 

ways, these effects were driven by younger children in the family-reared group and by 
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older children in the institutionalised group, which suggests less mature activity patterns 

in institutionalised children. Crucially, our data show that the previously reported 

hypoactivation generalise to a very different context of institutional care from previous 

studies, given that children in this sample were older at admission and were living in 

generally good-quality institutions, as mentioned above. 

 In the intra-group comparison, not only did we find that children with IB 

showed smaller amplitudes in occipital components, but also weaker differentiation of 

the two faces, when compared to children without IB. These results offer evidence in 

support of the hypothesis that hypoactivation, a neural correlate of institutional rearing 

in general, can be modulated by the presence of IB. How institutional rearing leads to 

neural hypoactivation is not clear, but research with different neuroimaging methods 

has been consistent in indicating that it constitutes a neural marker of early adverse 

caregiving (Marshall, Fox, & the BEIP Core Group, 2004; Moulson, Fox, Zeanah, & 

Nelson, 2009a; Moulson, Westerlund, Fox, Zeanah, & Nelson, 2009b; Parker, Nelson, 

& The BEIP Core Group, 2005a, 2005b; Tarullo et al., 2011; Vanderwert, Marshall, 

Nelson, Zeanah, & Fox, 2010). It is very informative that we were able to replicate, in 

our sample, the finding of smaller amplitudes in occipital components (while visualising 

faces) that has been described in children exposed to institutional care from or soon 

after birth and in more deprived settings, as previously mentioned (Moulson et al., 

2009b; Parker et al., 2005a).  

 The fact that such finding in the present work occurred despite the globally good 

quality of the institutions reinforces evidence that the deleterious effects of institutional 

rearing occur mainly through psychosocial neglect and micro-caregiving processes. 

Early adverse caregiving can alter neuro-developmental trajectories of experience-

dependent processes such as those involved in face processing when those experiences 

deviate from what would be expected. Indeed, according to the interactive specialisation 

framework introduced earlier, the regions in the ventral occipito-temporal cortex have 

the potential to become specialised for face recognition, but it is the ongoing and 

appropriate experiences with faces (which, among the institutionalised children, might 

have been particularly atypical in those presenting IB) that allows the specialisation for 

this function to develop (de Haan et al., 2002; Johnson, 2011). Furthermore, it has been 

proposed that attenuated ERP amplitudes in institutionalised children can be seen as 

hypoactivation or hypoarousal resulting from the impact on brain development of the 

lack of normative experiences, which could result for example in over-pruning of 

neurons or synapses (Moulson et al., 2009b; Nelson, 2007; Pechtel & Pizzagalli, 2011). 
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Furthermore, Parker and colleagues suggested that such attenuated ERP amplitudes may 

reflect insults resulting from the absence of experience with a primary attachment figure 

early in life (Parker et al., 2005a). This hypothesis is compatible with the pattern of 

hypoactivation as a marker of IB, perhaps resulting from a failure to form significant 

and fulfilling attachment relationships with their caregiver, and from the shallow and 

unsatisfactory nature of their search for contact with anyone (Bakermans-Kranenburg et 

al., 2011b; Dobrova-Krol et al., 2010; O’Connor et al., 2003; Tizard & Rees, 1975). To 

clarify, given that much of the socio-emotional-cognitive stimulation in children raised 

in typical settings occurs in the relational space of interactions with attachment figures, 

this supported and individualised stimulation might be lacking in institutionalised 

children with IB. Nevertheless, recall that contrary to children from East European 

samples who were institutionalised at or soon after birth, meaning that in most cases 

their putative attachment figures would be institutional caregivers, children assessed in 

this thesis were institutionalised at later ages. Therefore, even if they did fail to form 

significant attachment relationships with caregivers at the institution, they might have 

had formed such selective relationships with their families prior to being 

institutionalised. Accordingly, it is possible that the establishment of such early 

attachments does not preclude children later exposed to the institutional environment, 

where significant relationships with caregivers might be absent, from developing IB. 

The reduced discrimination between the faces of the caregiver and a stranger by 

indiscriminate children in our sample could be taken to be consistent with their 

behavioural profile—i.e., similar treatment of and engagement with familiar and 

unfamiliar adults. However, such lack of face discrimination by indiscriminate children 

(where their non-indiscriminate peers showed discrimination effects) was visible not in 

the N170 but in P1 amplitudes, a component with a latency that is usually considered 

too early to process facial identity. This result could indicate differences at the sensory 

stage of face processing or in selective attention in response to the caregiver’s versus 

the stranger’s face only in non-indiscriminate children, explaining their larger 

amplitudes for the caregiver’s than stranger’s face (Caharel et al., 2007). Nevertheless, a 

limitation to bear in mind when interpreting our findings regarding face discrimination, 

is that the presentation of photographs of a single stranger, who was not matched to 

each caregiver’s face (due to practical constraints of the data collection set-up), limits 

generalisation of our findings with this individual stranger (who could have resembled 

some caregivers more than others) to children’s processing of “strangers” faces. 
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 A lack of signs of differential processing of the two faces by indiscriminate 

children, where they were noted among their non-indiscriminate peers, was also found 

in P1 and N170 latencies. However, these latency effects on face discrimination 

depended on the length of time in the institution and, consequently, on the duration of 

the relationship with their caregivers. Specifically, it was only children who were 

institutionalised for longer and who did not display IB that appeared to process the face 

of the caregiver more efficiently. This can conceivably be interpreted as non-

indiscriminate children having been able to form a significant and selective relationship 

with their caregiver during their time at the institution—with more time allowing a 

deeper or more focused relationship, while the relationship that indiscriminate children 

established with their caregiver may not have evolved in such a way as to allow a more 

efficient processing of her face. Alternatively, such effects could have also resulted 

from maturational improvement in processing speed, with age, in non-indiscriminate 

children alone. Finally, consider the limitation created by the lack of matching of the 

two types of faces, advanced earlier. 

 The hypothesis that a biological programming might operate in children’s 

displays of IB has implications for the involvement of not only brain developmental 

processes but also other biological systems (Rutter, 2006; Rutter et al., 2007; Rutter & 

O’Connor, 2004). Indeed, the functioning of several neural and hormonal circuits is 

biased by the individual’s genetic predisposition, and these biases act throughout the life 

course and in response to environmental contingencies (Viding, Williamson, & Hariri, 

2006). The scarce existing research of the genetic underpinning of IB indicated that a) 

IB is in part explained by genetic variability and b) genetic variants considered to confer 

increased plasticity to both negative and positive environments is associated to more IB 

in children in institutional care (Drury et al., 2012; Minnis et al., 2007; but see 

Bakermans-Kranenburg et al., 2011).  

 Even though the oxytocin receptor gene (OXTR) is a logical candidate when 

studying dimensions of attachment and social behaviour (Feldman, 2012), and the fact 

that alterations in the oxytocinergic system have already been hypothesised to be 

implicated in IB (Rutter, 2006), no previous work had tested such hypothesis. Therefore 

we explored the association between a candidate SNP of the OXTR and displays of IB 

in our sample. As expected, the presence of at least one copy of the A-allele of the 

OXTR rs2254298 predicted higher levels of IB, both as measured by the caregiver’s 

report on the DAI and by observational ratings on the RISE. This suggests that the 
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vulnerability associated with that allele influenced children’s displays of IB despite their 

relatively old age at admission to the institution and at the assessments of IB.  

 This link between IB and the A-allele of this SNP is interesting given that it has 

been proposed that this allelic variant confers increased plasticity to both positive and 

negative environments (Brüne, 2012)—i.e., differential susceptibility to environmental 

contingencies (Ellis, Boyce, Belsky, Bakermans-Kranenburg, & Ijzendoorn, 2011). 

Therefore this result is in line with those of Drury and colleagues (2012) and Kumsta 

and colleagues (2010) in indicating that children with more “plastic” genetic variants 

are at increased risk of developing poorly, when raised in the adverse setting of 

institutional care (in those two studies, Romanian institutions where children were 

placed at or soon after birth). In contrast, children without these “plasticity genetic 

variants” might be protected, in the institutional context, from developing IB. 

Interestingly, the A allele of this SNP has been associated with increased levels of 

oxytocin (Feldman et al., 2012), but it has been proposed that the release of oxytocin, 

while stimulating the individual to seek affiliative contact in response to stress, might 

increase their psychological and biological stress responses when the reaction to such 

contacts from the environment is hostile and unsupportive (Taylor, 2006).  

 Finally, the association of IB with both the child’s genotype and patterns of 

neural processing, in the current work, supports the hypothesis that IB emerges as an 

experience-adaptive biological programming (Rutter et al., 2007). This theory 

highlights the important role of early social experiences on the development of neural 

circuitry and neurohormonal systems relevant to socioemotional behaviour regulation, 

which means that the adverse caregiving experience of institutionalisation gets “under 

the skin” via these biological systems to allow the individual to adapt to their 

environment, with effects on their behaviour (i.e. displays of IB). However, due to the 

old age at institutionalisation of most children in our sample, and to the cross-sectional 

design of the studies, it was not possible to examine the existence of sensitive periods 

for the development of IB neither the persistence of IB after children left the institution, 

which would have provided further evidence for testing the hypothesis of a biological 

programming of IB. 

 In sum, the empirical studies presented throughout this thesis indicated that an 

insensitive institutional caregiver, patterns of brain development suggesting 

hypoactivation when processing faces and lack of discrimination between the face of 

the caregiver and a stranger, and the A-allele of the OXTR rs2254298, were all 

associated with displays of IB in Portuguese institutionalised pre-schoolers.  
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What implications does this improved understanding of IB have for its 

conceptualisation?  

 

 Current understanding of displays of IB in pre-schoolers indicate that, in 

addition to lack of reticence, excessive familiarity, lack of checking back when 

wandering away, and willingness to go with a stranger, additional aspects such as verbal 

and social intrusiveness and attention-seeking behaviours should be taken into account 

as demonstrations of such behaviour. Also, as clearly indicated on DSM-V (American 

Psychiatric Association, 2013) the exposure to early deprivation or neglect is a required 

criteria and assumed to play a causal role on IB. The studies presented in this thesis 

provided support for all these aspects of the conceptualisation of IB. 

 Still, as we saw in Chapter 1, current controversies surround the interpretation of 

the meaning of IB. In a few words, is IB a disorder of attachment or, as expressed by the 

DSM-V update, mainly a disorder of the social realm? Zeanah and Gleason, in their 

recent review of IB, summarised theirs and others’ understanding of this debate in the 

following way: “What is unresolved is the meaning of approach to strangers—whether 

that represents and is motivated by attachment, or whether it is motivated by another 

goal (or not inhibited by stranger wariness as in typical development)” (Zeanah & 

Gleason, 2015, p. 209). However, as discussed in detail in Chapter 1, there are also 

aspects concerning the implications of IB to the relationship with attachment figures 

that remain to be resolved (Lyons-Ruth, 2015). In summary, Lyons-Ruth (2015) argued 

that a) the disinhibition toward strangers is still implicitly compared to the behaviour 

toward caregivers, therefore it implicates selectivity if one category of adults is being 

compared to another; and b) the claim that IB is unrelated to the quality of attachment to 

the caregiver can be disputed, therefore it is not sufficiently supported by existing 

research for us to accept it (at least not just yet). 

 The findings presented in this thesis fuel this conceptual discussion in that the 

relationship with the caregiver was implicated in children’s levels of IB—particularly 

the association with the caregiver’s insensitivity and with neural markers of altered 

processing of the caregiver’s face. Therefore, our findings suggest that children’s 

displays of IB, at least in our sample, did not simply reflect unmodulated approach of 

and interactions with strangers. Rather, indiscriminate children had a relationship with 

their caregiver that was less positive, and showed alterations in patterns of neural 

processing of her face, compared to their non-indiscriminate peers. However, as we saw 
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in the first empirical study, IB was (contrary to inhibited attachment) unrelated to the 

classification of the caregiver-child relationship indexing increasing selectivity. 

Therefore, even though the sensitivity of the caregiver was predictive of IB, the 

selectivity of that relationship was not (but see Soares et al., 2014, for evidence of an 

association between IB and selectivity of the caregiver-child relationship in younger 

children admitted to Portuguese institutions at a younger age). Future work exploring 

how such sensitivity of the caregiver acted to protect institutionalised children from 

displays of IB would be very informative. For now, our findings added to evidence that 

IB is largely independent from the attachment relationship to the caregiver—even 

though this did not concern a primary attachment figure, which could influence such 

result (cf. Lyons-Ruth, 2015).  

 Beyond the attachment/social engagement debate, these findings provide further 

evidence that contribute to an improved understanding of IB as a clinical entity, in terms 

of: a) consideration of IB an independent construct, which was associated with several 

organismic and environmental variables, and predicted by different characteristics of the 

caregiving compared to inhibited attachment and other emotional/behavioural problems; 

b) confidence that existing instruments based on interviews to the caregiver and 

laboratory observations provide reliable measurements of IB, given that, for example, 

ratings on both measures were predicted by the same genetic variant; and c) associations 

between IB and visible concurrent functioning impairment, for example in terms of 

patterns of neural processing (also, please note that the children whose ERP assessment 

was good enough to be included in analysis were likely to have higher regulatory and 

cognitive functioning that allowed them to endure the task, than those who were 

excluded from analysis). 

 In conclusion, despite the need for further research to clarify the meaning of IB 

in terms of implications for the relationship with caregivers in addition to disturbances 

of the relationship with strangers, evidence continues to accumulate in indication of the 

importance of IB as a clinical entity.  

 

What implications does this improved understating of IB have for clinical intervention 

and policy? 

 

 The ultimate goal of research on IB and on the development of institutionalised 

children more broadly is to improve our understanding of what promotes and what 

hinders adaptive developmental trajectories, with the objective of employing well-
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informed intervention strategies. We would not be able to defend that (well 

implemented) foster-care responses are associated with more positive developmental 

outcomes than institutionalisation, or that fewer caregivers involved in children’s care is 

associated with more positive developmental outcomes than large groups of rotating 

staff, if we did not have the research to support it.  

 Notwithstanding what is already known about how institutional rearing affects 

young children’s development, institutions continue to be a major response for children 

in need of substitute care in many countries around the world, including in Western 

Europe (Hamilton-Giachritsis & Browne, 2012). If research on (at least some aspects 

of) the effects of institutional care continues to be almost exclusive of children placed in 

Eastern European institutions, we risk perpetuating common beliefs in directors of 

institutions, psychologists and policy makers of Western countries that the deleterious 

effects of institutionalisation only apply to the East or to developing countries. And yet, 

research speaks in an increasingly consistent voice—including findings from this 

thesis—that it is aspects common to most institutional settings that are more important 

in explaining children’s negative socio-emotional developmental outcomes.  

 Accordingly, the findings presented here have two main implications for 

intervention. First, institutional rearing, even when great efforts are visible in terms of 

improving general quality—such as quality of nutrition, basic cognitive stimulation, 

access to therapies, planned outdoor play, etc.—as was the case in the institutions 

included in this thesis (notwithstanding variability among them), results in poorer 

developmental outcomes. Not only did a significant number of these institutionalised 

children display high levels of IB, but also other emotional/behavioural problems, as 

well as lower developmental quotient and atypical neural processing patterns when 

compared to family-reared children.  

 Second, if institutional care is going to prevail as a significant response to 

children in need of substitute care in the foreseeable future, and it certainly seems the 

case in countries such as Portugal, we ought to improve those characteristics of 

institutional care that we know to be more clearly affecting children’s wellbeing (e.g., 

McGoron et al., 2012). Reduction of the number of caregivers involved in each child’s 

care, reduction of staff turnover and rotativity, promotion of the establishment of 

selective and deep relationships with a key worker, and training of caregivers to 

promote their sensitive behaviour with children under their care (adapted to their busy 

daily routines), would be a fundamental way to start. 
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 There are good examples of where such forms of work have already begun. We 

can highlight McCall and colleagues’ (The St. Petersburg-USA Orphanage Research 

Team, 2008) intervention study aimed at improving the quality of caregiving in 

institutions in Russia. This team provided training to promote more sensitive and 

responsive caregiving, and structural changes to support positive relationships between 

caregivers and children, mostly by reducing the number of caregivers per child. In those 

institutions receiving both training and these structural changes, children displayed 

more positive emotions, more proximity-seeking and contact maintaining attachment 

behaviour, and less avoidant attachment behaviour with their caregivers. 

 

Conclusion 

 

 This thesis aimed to investigate what explains how and why some 

institutionalised children develop a pattern of indiscriminate social behaviour. Variables 

of all levels of analysis, from environment, through brain, to genetics, were associated 

with displays of such behaviour. Intervention efforts to target the prevention and 

reduction of that behavioural presentation of socio-emotional disturbance in these 

children must address the element that is in the source of the problem behaviour and 

where we can introduce change: the caregiving environment. 
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