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a smile to remember 
 
we had goldfish and they circled around and around 
in the bowl on the table near the heavy drapes 
covering the picture window and 
my mother, always smiling, wanting us all 
to be happy, told me, "be happy Henry!" 
and she was right: it's better to be happy if you 
can  
but my father continued to beat her and me several times a week 
     while 
raging inside his 6-foot-two frame because he couldn't 
understand what was attacking him from within. 
 
my mother, poor fish, 
wanting to be happy, beaten two or three times a 
week, telling me to be happy: "Henry, smile! 
why don't you ever smile?" 
 
and then she would smile, to show me how, and it was the 
saddest smile I ever saw 
 
one day the goldfish died, all five of them, 
they floated on the water, on their sides, their 
eyes still open, 
and when my father got home he threw them to the cat 
there on the kitchen floor and we watched as my mother 
smiled 
 
(Charles Bukowski, The Night Torn Mad With Footsteps, 2001) 
 
 
 
 
 

Lasciami qui 
Lasciami stare 
Lasciami così 

Non dire una parola che 
Non sia d'amore 

 
(Annarella, Epica Etica Etnica Pathos, CCCP, 1990) 
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Abstract 
 

Intergenerational transmission of parenting is a well-documented 

phenomenon with high clinical relevance, especially for the continuity of 

dysfunctional processes across generations. To the extreme consequences, 

maltreated parents seem to be more likely to be abusive than non-maltreated ones 

(Widom et al., 2015). However, the mechanisms that mediate the association 

between childhood experience and adult parenting abilities remain unclear, 

influencing the effectiveness of preventive interventions (Euser et al., 2015). This 

thesis focuses on adults’ low-level processes connected to parenting behavior and 

the moderating role of attachment and early care. The aim is to inform clinical 

interventions of the disrupted mechanisms to target in order to break the 

intergenerational cycle of abuse. Moving from a traditional correlational approach, 

we propose different quasi-experimental designs to combine the complexity of 

human experience with the rigorous laboratory methodology. The first part focuses 

on linking implicit processes implicated in parenting behaviors to individuals’ 

experience. In the study presented in chapter one we found that individuals form 

more positive attitudes toward specific parenting styles, depending on their 

romantic attachment styles. This confirms a role of attachment on the transmission 

of parenting. Chapter two builds on the known effect that maltreated adults show 

augmented threat detection seeing adults’ faces. The study extends these results 

to infants’ face processing. These two chapters confirm the role of cognitive 

schemata, influenced by interpersonal experiences, in mediating the continuity of 

parenting. The second part describes the effects on adult brain of two children 

characteristics considered triggers of abuse: infant negative temperament and 

crying. In chapter three, we developed an fMRI paradigm to assess brain 

activation during the view of difficult or easy babies. We found that, compared to 

individuals with no emotional maltreatment experiences, individuals with 
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experiences of emotional maltreatment in childhood had reduced amygdala-middle 

frontal gyrus connectivity during the perception of an easy infant. We did not find 

effects of emotional maltreatment on neural processing of a difficult infant. Our 

findings show that experimental temperament manipulation can change brain 

responses to infant signals and constitute a risk factor for transmission of 

maltreatment. In chapter four, Transcranic Magnetic Stimulation has been used in 

a pilot study to show the roles of Inferior Frontal Gyrus and maltreatment in 

modulating the expression of physical force in response to infant crying. In both 

fMRI and TMS studies, we found that different brain susceptibility to infant stimuli 

represents a mechanism for parenting continuity. The last part aims at rejoining 

the empirical approaches of the first chapters within a broader literature review on 

the neurophysiological mechanisms of transmission of parenting. In chapter five 

the effects of early stress and attachment representations on parenting processes 

are discussed in light of the modern evolutionary framework. An original 

perspective on adult emotion regulation as the primary mechanism of parenting 

transmission is proposed. Consequences on interventions aimed at reducing risk 

of maltreatment are discussed.  
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Introduction: 

The intergenerational 

transmission of parenting 
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This introduction provides a framework for the thesis’s next chapters. We 

firstly define Parenting concept. The Intergenerational transmission of parenting is 

described from theoretical, clinical and empirical perspectives, and a lack of the 

comprehension regarding the implicated mechanisms is proposed. Then, a 

hypothesis on the intergenerational transmission of maltreatment is discussed. 

The Attachment Theory perspective on intergenerational stability is described that 

considers the partial mediational role of observed parenting behavior. A call for 

new research on the implicated factors is highlighted. The role of intervention 

programs in breaking the intergenerational cycle of maltreatment is briefly 

described and their unsatisfying effectiveness is proposed as a result of the lack of 

dysfunctional processes to target. Then the fruitful field of experimental research 

on basic psychological and neurophysiological processes implicated in parenting 

stability is presented. Methodological issues and limitations are discussed. Finally 

a brief summary of the thesis is provided. 

 

Why do we study parenting? 

During the last three decades, there has been growing agreement among 

developmental scholars on considering child’s early intersubjective experience 

with caregivers and transactional development as the keys for building infants’ 

psychic organization and relational abilities. Since the seminal works of Stern 

(1985), Trevarthen (1979), Schaffer (1977), Sameroff and Emde (1989) and 

Tronick (Cohn & Tronick, 1983), children’s early abilities of communication and 

social interaction have been recognized and their role emphasized in the 

development of affect regulation and the broader concept of self (Schore, 1994, 

2003; Schore & Schore, 2007). In the first year of life, child’s expression of primary 

emotions seems to be organized into coherent affective configurations with 

different communicative features depending on environmental events (Weinberg & 

Tronick, 1994). Child’s manifestation of joy involves facial expression as well as 

gaze toward his/her mother. Similarly, a sad look for mother’s temporary absence 

is associated to negative vocalizations and stress indicators (e.g. sucking his/her 
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tongue). Functions of these behaviors are both self-regulation and communication 

toward the mother. This simple form of communication is primarily “emotional, not 

just representational or referential (Trevarthen, 1994). It is fundamentally "self-

with-other-referred"" (Trevarthen & Aitken, 2001, p. 16). Therefore, from these 

very first moments of their life children can experiment and share their own 

affective states in a safe environment. Emde (1991, 1999) identifies in positive 

emotions shared with the mother the key for the development of personality. He 

proposes that this process builds an affective core of self “because our affective 

core gives meaning and consistency to what we feel deeply about as individuals, it 

comes to gives us a sense of the uniqueness of our experience” (Emde, 1999, p. 

324). In this perspective, mother’s role consists in validating infant’s positive 

emotions, enabling the development of a sense of identity and subjectivity. Stern 

(1993, 2010) proposes that during mother-child interactions, affective 

manifestations arise and take forms of vitality, a gestalt of emotion expressions, 

movements, directionality, sharing that come together all at once. The “maternal 

affect attunement” enables the “interpersonal communion […] will play an 

important role in the infant’s coming to recognize that internal feeling states are 

forms of human experience that are shareable with other humans” (Stern, 1985, 

pp. 151–152). Tronick microanalytically studied mother child interactions and 

found that the balance of self and other regulation of the children was a deeply 

dynamic process. In fact, only a small portion of the time spent in interaction 

shows matching behavioral states, approximately about 30 % (Tronick & Gianino, 

1986). It seems that an adaptive mother child interaction relies on the process of 

rupture and reparation of the contingency between mother and child. Moreover, 

Beebe and Lachman (Beebe & Lachmann, 2002; Beebe et al., 2010) showed that 

even a too contingent interaction would inhibit the opportunity for the child to learn 

how to develop an adaptive form of self-regulation, whereas a mother not 

contingent at all would lead to an exaggerated self-regulation of the child: in both 

case psychic development would be affected. When reparation succeeds, in that 

moment the interplay of child and mother regulatory systems becomes a creative 

process able to expand both participants awareness of the other’s mental state. 

This perspective on the balance between self and mutual regulation echoes Bion’s 
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psychoanalytic perspective on reverie, the maternal function that allows child’s 

emotional development. “Normal development follows if the relationship between 

infant and breast permits the infant to project a feeling, say, that it is dying, into the 

mother and to reintroject it after its sojourn in the breast has made it tolerable to 

the infant psyche. If the projection is not accepted by the mother the infant feels 

that its feeling that it is dying is stripped of such meaning as it has. It therefore 

reintrojects, not a fear of dying made tolerable, but a nameless dread” (Bion, 2013, 

p. 307). In the normative process, the tolerable affect becomes a step in the 

meaning making process of building child’s psychic organization. 

Fonagy and Target (2002) proposed that the reason why studies on 

attachment representations do not achieve great predictive power on 

developmental trajectories is because the effect of attachment security on the 

subsequent development is not at a representational level, but on the brain’s major 

self-regulatory mechanism. In fact, they propose social intelligence and meaning 

making as a major selective advantage provided by attachment in humans. An 

Interpersonal Interpretative Mechanisms (Fonagy, Gergely, Jurist, & Target, 2002) 

is the neural mechanism that evaluates environment, allows individuals in sharing 

experiences, information and affects and create hypotheses on others’ functioning. 

“We argue that in “loss”, what is lost is not the bond but the opportunity to 

generate a higher order regulatory mechanism: the mechanism for appraisal and 

reorganization of mental contents. We suggest that the function of attachment is to 

bring complex mental life into being from a complex and adaptable behavioral 

system” (Fonagy & Target, 2002, p. 325). Modern neurophysiological models 

support this view of psychic development based on interpersonal exchange with 

significant others (Ammaniti & Gallese, 2014; Belsky & de Haan, 2011a; Narváez, 

Panksepp, Schore, & Gleason, 2012; Schore, 2012; Schore & Schore, 2007; 

Siegel, 2012; Siegel, 1999). In particular, the mirror neurons perspective (Frith & 

Frith, 2006; Gallese, 1998; Kohler, 2002; Rizzolatti & Sinigaglia, 2010), even if still 

studied at an early stage in children development, shed light on how perceiving 

another individual can shape your own mental states and your emotional self. 

Embodied simulation (Gallese & Sinigaglia, 2011; Gallese, 2014), driven by mirror 
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system, shapes a basic type of mentalization, that does not require a propositional 

level, but it is based on bodily representations (e.g. somatic effects of emotions). 

This does not mean that individuals feel what others feel, but that they experience 

that others have similar experiences as they do. 

This brief and partial mini review of the last decades of research on social 

and affective child development, has the role to demonstrate how research is 

picturing development in a relational and transactional perspective (Sameroff & 

Fiese, 2000). So far, we could summarize all the previous paragraph with the 

famous Winnicott’s words: “If maternal care is not good enough then the infant 

does not really come into existence, since there is no continuity of being; instead 

the personality becomes built on the basis of reactions to environmental 

impingement” (Winnicott, 1965, p. 54). This means that children are so deeply 

inserted in a social context and so much of their development depends on 

caregiving responsiveness that it would be partial consider them in a different 

context. In this perspective, parenting constitutes an all-encompassing ecology for 

development (Bornstein, 2001, 2002). Therefore, to answer the question of the title 

of the paragraph, we study parenting to understand the parents’ role in the 

process that turns children into subjective individuals by means of building their 

psychic organization. Even more important, to propose enhanced models of 

intervention able to prevent or to treat dysfunctional parenting and negative 

children outcomes (Cicchetti, 2013a). Therefore, psychologists are strongly 

interested in understanding why parents behave the way they do, especially 

considering the high impact they have on children’s development.  

To comprehend and to make predictions on parenting functioning, the 

traditional Belsky’s (1984) model is still valid and it is probably the most valuable 

effort to encompass all the determinants of parenting. The model is presented in 

Figure a. Even if it was based on a literature review of the early ‘80s is still 

relevant, complete and able to generate new predictions to be tested by empirical 

research. It describes parenting processes and behaviors as the dynamic result of 

macro and micro domains. Moreover it incorporates child’s characteristics and 

development into the factors able to influence (and not only being influenced by) 
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parenting behaviors. Family support and other social networks seem to play a 

fundamental mediation role. Parent’s personality is presented as the core of the 

model: this seems consistent with the modern importance of early relationships in 

shaping individual self. In this thesis we are interested in understanding the 

connection between parental developmental history and parenting via the 

mediation of regulatory abilities. Therefore, we start reviewing evidences that 

support the well known hypothesis of an intergenerational transmission of 

parenting abilities. In light of the aforementioned importance of caregivers in 

shaping emotional and psychic structures we can hypothesize that the 

development of self-regulation could be mediated by the cohesion and coherence 

of parents self. If social and affective development is a two person process, 

regulatory system of the parents directly affects regulatory system of the child and 

subsequently his/her psychic organization. 

 

 

Are we turning into our parents? 

An enduring and accredited hypothesis in the developmental literature is 

so-called “intergenerational transmission”: parents behave in similar ways to the 

quality of the care they were exposed to during childhood. In fact, many theoretical 

models of human development predicted the stability of child-rearing strategies 

across generations, even if from different perspectives. Belsky and colleagues 

(Belsky, Conger, & Capaldi, 2009) notably argued that life course (Elder, Johnson, 

Figure a. A process model of parenting (from Belsky, 1984, p. 84) 
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& Crosnoe, 2003), attachment (Bowlby, 1969) and social learning theories 

(Bandura, 1977) all agree on behavioral continuity, even if they differ in defining 

the mechanisms that enable the process. More specifically attachment theory 

(Bowlby, 1969) proposes that a mother’s ability to provide security during first early 

interactions will shape adults’ cognitive schemata toward attachment relevant 

domains. Social learning (Bandura, 1977, 1986) proposes that learning is a 

cognitive process that takes place in a social context through observation: a child 

could develop a set of rules or a normative understanding of the necessity of a 

specific parenting behavior. For instance, exposure to physical discipline may be 

transmitted to the next generation through a set of parenting beliefs that consider 

harsh parenting as the only option or through little awareness of other options. 

Life-course Theory (Simons, Whitbeck, Conger, & Wu, 1991) suggests that the 

first generation’s parenting behaviors will affect the personality traits and 

interaction styles of the second generation, which in turn will make the 

development of similar parenting strategies more likely. The continuity of parenting 

is not only consistent with these three theoretical models, but it is actually 

specifically expected. For the purposes of this thesis, attachment theory will be 

explained more in detail, but is important to note that the three mediational models 

are not mutually exclusive. Thus, unless changes in the environment happen, the 

next generation could benefit from the same parenting strategies. Also, from an 

evolutionary standpoint, intergenerational transmission denotes a clear advantage: 

if individuals reach the opportunity to parent their own offspring, it is very likely that 

the characteristics of the care they received will show a sufficient level of 

adaptation in that specific environment (Chapter 1, 5). Finally, from a clinical 

perspective, many practitioners and researchers, who deal with maltreating 

parents have noticed that they reported childhood histories of disruptive care and 

abusive behaviors. This has also led to clinically derived models being developed, 

such as Ferenczi’s (Bonomi, 2002; Ferenczi, Dupont, Balint, & Jackson, 1995) 

concept of “identification with the aggressor”, which the author describes as the 

process when the victim’s psyche has become split, so that a part of the self has 

become automatically imitative of the former aggressor’s behavior. 
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Empirical evidences of intergenerational transmission of 

parenting 

The first empirical approaches to test the intergenerational transmission 

hypothesis were from the ‘1950s and mainly focused on the transmission of 

maltreatment. More specifically, they represented the first attempts to study 

maltreating parents and to comprehend the reasons for their behavior. 

Researchers unanimously reported expected findings on the etiology of abusing 

behaviors: abusive parents had been abused or maltreated as children (for review 

see: Spinetta & Rigler, 1972). For instance, Steele and Pollock (1968) showed that 

maltreating parents reported histories of families with the same styles that they 

had recreated in the patterns of rearing their own children. During childhood, all of 

the parents lacked the basic requirements of care and sensitivity from their own 

parents. More specifically, Gibbens and Walker (1956) identified the families of 

maltreating parents as rejecting, indifferent and hostile. Fontana (1968) proposed 

that the emotional dysregulation of parents originated from their histories of 

loneliness, lack of protection, and lack of love. Komisaruk (1966a) found the most 

striking statistic in his abusive parents’ sample to be the high percentage of 

individuals who had lost a significant parental figure during childhood. Many other 

studies reported similar results (Bleiberg, 1965; Blue, 1965; Melnick & Hurley, 

1969; Tuteur & Glotzer, 1966). Unfortunately, these studies cannot be considered 

strong evidence of the intergenerational transmission of parenting. First of all, the 

retrospective measures of childhood abuse lack sufficient validity to draw certain 

inferences (Hardt & Rutter, 2004; Kaufman & Zigler, 1987; van IJzendoorn, 1992). 

Even more importantly, the methodological procedure of selection for the 

maltreating sample cannot be used to infer an intergenerational transmission of 

parenting, due to the possible confounding effects of many variables and because 

it tends to bias the probability of finding dysfunctional processes in the target 

sample (Widom et al., 2015). 



15 

The first prospective studies on parenting transmission were from the 

‘1980s; since then, much evidence has supported the claimed evidence of stable 

continuity across generations. Quinton and colleagues (Dowdney, Skuse, Rutter, 

Quinton, & Mrazek, 1985; Quinton, Rutter, & Liddle, 1984) focused on the 

parenting abilities of females reared in institutions because their families of origin 

could not cope with childrearing. Compared with an ad hoc control sample, 

institutionally reared mothers were less sensitive to their children’s cues and, in 

response to their opposition, exercised control using confrontation and physical 

punishment. The quality of the inferences that can be drawn from this study is 

much better because the direction of the effect is clear and there are much fewer 

confounding effects due to the ability of the participants to remember the quality of 

care they received. 

Caspi and Elder (1988) designed one of the first prospective studies to 

directly assess the quality of the care of the first generation (G1) and then the 

behavior of the second generation (G2) while interacting with their own children 

(G3). In a risky sample, they found an indirect but clear stability of parenting 

across the generations, mediated by aggressive behavior. In fact, G1 harsh 

parenting predicted aggressive behavior in G2 children. Consequently, higher 

levels of aggressive behavior during childhood predicted higher levels of G2 

hostile parenting when G2 parenting behavior was assessed in interactions with 

G3 children, 30 years later. Huesmann and colleagues (Huesmann, Eron, 

Lefkowitz, & Walder, 1984a) focused on the stability of aggression across time and 

generations: in a 22-year span study, they found that G1 aggression scores 

measured during G2 childhood were able to predict the same variable in G2 while 

parenting G3 and, indirectly, also the children’s scores. Many studies confirmed 

these results in the next years. In a small sample (N = 75) but with different and 

highly reliable measures, found a direct association between aggressive and angry 

parenting from G1 to G2. Also, in the studies by Bailey and colleagues (2009) and 

Neppl and colleagues (2009), harsh parenting in G1 predicted the same variables 

in G2. Other studies found a mediating role of antisocial behaviors (Capaldi, 

Pears, Patterson, & Owen, 2003; Thornberry, Freeman-Gallant, Lizotte, Krohn, & 
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Smith, 2003). On the contrary, Smith and Farrington (2004) showed that parenting 

practices play a partial role in the development of primary conduct problems. 

More recently, research has broadened the perspective on the 

intergenerational transmission of parenting, showing that constructive and 

sensitive parenting behaviors are also stable across generations. Chen and 

Kaplan (2001) measured a large sample at different time points to show the role of 

experiencing good parenting on the expression of constructive parenting, both 

directly and via the mediations of interpersonal relations and social participation in 

G2. Within the Dunedin study (Arseneault, Moffitt, Caspi, Taylor, & Silva, 2000; 

Melchior, Moffitt, Milne, Poulton, & Caspi, 2007), Belsky and colleagues (Belsky, 

Jaffee, Sligo, Woodward, & Silva, 2005) found that childrearing and family climate, 

as measured at three different time points, predicted observed warm-sensitive-

stimulating parenting but only for mothers of G3. Kovan and colleagues (Kovan, 

Chung, & Sroufe, 2009) analyzed data from the Minnesota Longitudinal Study of 

Risk and Adaptation (Sroufe, Egeland, Carlson, & Collins, 2009) and found a 

moderate stability (r = .43) of observed parenting composite scores across 

generations. The small size of the sample (N = 61) was compensated for by the 

quality of the measures from 12 months to 32 years old as well as powerful control 

over confounding variables like SES or cognitive development. To replicate the 

same findings in a broader sample from the same study using an interview-based 

measure of parenting, Raby and colleagues (Raby, Lawler, et al., 2015) confirmed 

the association across generations, but the intergenerational transmission was 

fully mediated by later competence in relationships with peers and romantic 

partners. Shaffer and colleagues (Shaffer, Burt, Obradović, Herbers, & Masten, 

2009) replicated Chen and Kaplan’s (2001) results on the mediating role of social 

competence but did not find an direct association between parents in G1 and G2.  

 

Moderators of transmission: in search of discontinuities 

The number and quality of the aforementioned prospective studies 

defectively support the evidence for intergenerational transmission of parenting. 
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Still, it remains unquestionable that the continuity across generations is not an 

univocal association, since all studies tend to be consistent: childhood rearing 

history accounts for approximately 15% of the variance in parenting (Belsky et al., 

2005; Capaldi et al., 2003; Conger, Neppl, Kim, & Scaramella, 2003). Thus, 

research interest has moved from testing the hypothesis of continuity to answering 

why certain parents repeat their childhood experiences while others do not..” We 

have already mentioned some of the numerous mediators (Capaldi et al., 2003; 

Caspi & Elder, 1988; Huesmann et al., 1984a; Raby, Lawler, et al., 2015; 

Thornberry et al., 2003) that help to comprehend this complex—even if quite 

stable—phenomenon. Unfortunately, mediation models do not directly address the 

characteristics of the parents whose childrearing histories do not affect their 

parenting style. Introducing a rich special issue on Developmental Psychology 

focused on the intergenerational transmission of parenting, Belsky and colleagues 

(Belsky, Conger, et al., 2009) pointed out that research should focus more, despite 

the failures, on the “lawful discontinuities,”,” which means “the ability to predict and 

explain why usual expectations do not obtain” (p. 1202). Only a few studies have 

reported interesting results on this topic. Egeland and colleagues (Egeland, 

Jacobvitz, & Papatola, 1987) showed that maltreated children who experienced a 

supportive, close relationship during their life did not abuse their own children. A 

good and supportive romantic relationship or a fruitful therapy could change 

developmental trajectories and worked as a powerful protective factor. Also, 

Quinton and Rutter (Quinton et al., 1984; Quinton & Rutter, 1984) found a 

moderating role of good romantic relationships in breaking the cycle of 

maltreatment in institution-reared females. The authors explained this effect via 

the mediating role of school experience: school achievements lead to more self-

efficacy and, in turn, more careful mate selection and, finally, better support and 

parenting. However, this hypothesis still has to be proved and other explanations 

have been formulated (Belsky, Youngblade, Rovine, & Volling, 1991). Conger and 

colleagues (Conger, Schofield, & Neppl, 2012) found the transmission of harsh 

parenting from one generation to the next, but when a mother or father co-

parented with a partner who showed sensitive caregiving, the across-generations 

effect disappeared. A protective effect of warmth and positive communication with 
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a romantic partner was found in a subsequent study by the same group (Conger, 

Schofield, Neppl, & Merrick, 2013). 

Belsky and colleagues (Belsky, Hancox, Sligo, & Poulton, 2012) made a 

notable, but failed, attempt to answer the question. They hypothesized that 

parental age could decrease the effect of childrearing history, as a proxy for 

increased psychological maturation (B. W. Roberts, Caspi, & Moffitt, 2001). They 

tested this claim on a group of parents from the Dunedin study (which is broader 

than Belsky et al.’s (2005) sample because of the time spent in between); but as 

mentioned, they failed to moderate the transmission effect. Beaver and Belsky 

(2012)conducted probably the most interesting and complete study on the effects 

that can to moderate intergenerational transmission. They used data from the 

Longitudinal Study of Adolescent Health to test the differential susceptibility 

hypothesis (Bakermans-Kranenburg & van IJzendoorn, 2015; Belsky & Pluess, 

2013) in the transmission of parenting. The results showed that the more plasticity 

alleles that were carried by participants, the more their parenting experience in 

adolescence predicted their future parenting experience. As expected, the 

participants who carried the most plasticity alleles were more affected by the 

quality of maternal parenting compared to those carrying the fewest plasticity 

alleles, for better and for worse.  

In sum, just six studies found moderator effects, and most of them have not 

undergone any replication attempts. Belsky et al. (Belsky, Conger, et al., 2009) 

and Conger et al. (Conger, Belsky, & Capaldi, 2009) commented that the lack of 

moderator effects in the aforementioned special issue of Developmental 

Psychology was a lack of comprehension of the implicated mechanisms. Research 

has found a small continuity of parenting across generations, and it is not able to 

explain why the magnitude of the effect is so small. In other words, we are not able 

to predict why some individuals present strong discontinuities in transmission. 

Moreover, we lack even a theoretical model with which to make hypotheses on 

discontinuities, except for a GxE effect that seems promising but is difficult to test 

because of the sample size required. However, mechanisms of intergenerational 

transmission can also be addressed from basic research on the implicated 
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psychological and neurophysiological processes. Fruitful research advances can 

come from pursuing this shift from macro to micro processes, at least by proposing 

hypotheses to be tested in naturalistic prospective designs. This call for advances 

in basic research would also be useful for designing interventions to reduce the 

intergenerational effects of harsh parenting that focus on the key domains. The 

work by Lomanowska and colleagues (Lomanowska, Boivin, Hertzman, & 

Fleming, 2015) is a first and notable effort to review the effects of dysfunctional 

parenting on adult neurophysiological and the psychological processes that are, in 

turn, implicated in parenting. 

 

Does abuse beget abuse? Intergenerational transmission of 

maltreatment 

Besides the undoubted association of parenting across generations, a 

related question is about the intergenerational transmission of parents’ child abuse 

and neglect. In fact, the research findings reviewed so far do not directly assess 

the perpetration of maltreatment, but when discussing dysfunctional parenting, 

they mainly report having observed harsh parenting behavior. There is obviously a 

positive correlation between harsh parenting and abusive behaviors, but the 

majority of harsh parenting does not fulfill the criteria for being considered abuse 

(Cicchetti & Toth, 1995). Then, the question addressed in this paragraph is 

different from the previous one on the transmission of parenting, and probably 

related to the literature on the so-called “cycle of violence” (Caspi et al., 2002; 

Dodge, Bates, & Pettit, 1990; Widom, 1989). 

Kaufman and Zigler (1987) reviewed early studies on the intergenerational 

transmission of child abuse. Despite the belief in stability across generations being 

widely accepted among professionals, they showed a scarcity of empirical 

evidence to support it. In particular, they showed how a majority of the findings rely 

on case history studies (Fontana, 1968; Galdston, 1965a; Kempe, 1973; Steele & 

Pollock, 1968) and self-report studies (Conger, Burgess, & Barrett, 1979; Gaines, 

Sandgrund, Green, & Power, 1978; Herrenkohl, Herrenkohl, Toedter, & Finkelhor, 
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1983; Hunter & Kilstrom, 1979; Olmsted et al., 1982). However, the authors 

confirmed a small support for the intergenerational hypothesis, but claimed that 

researchers and clinicians had to realize how the vast majority of abused parents 

did not abuse their children. Unqualified acceptance of the intergenerational 

hypothesis had many negative consequences, in terms of prejudice toward 

individuals and misdirection in researching the real causes of maltreatment. They 

proposed changing the research question from “Do abused children become 

abusive parents?” to “Under what conditions is the transmission of abuse most 

likely to occur?” (Kaufman & Zigler, 1987, p. 191). A good example of this enriched 

approach is Egeland and colleagues’ work (Egeland, Jacobvitz, & Sroufe, 1988) 

work, in which they confronted abused mothers who perpetrated an abusive 

behavior toward their children with abused mothers who did not and broke the so-

called “cycle of abuse.” First, the results showed a prevalence of perpetrators 

(continuity group, N = 18) compared to non-perpetrators (exception group, N = 

12). Second, the exception group was more likely to have received emotional 

support from a non-abusive caregiver during childhood, joined therapy at any age, 

and had a supportive romantic relationship. Finally, the continuity group was more 

stressed, anxious, depressed, and immature. Ertem and colleagues (Ertem, 

Leventhal, & Dobbs, 2000) identified this study as the only one able to satisfy all 

eight methodological standards proposed on the quality of the measures collected 

and the intervening variables considered. They computed the relative risk for the 

abusive mothers to perpetrate the abuse and obtained a risk ratio of 12.6 (95% CI 

1.82, 87.2). 

More recently, other studies have generally supported the intergenerational 

hypothesis (Berlin, Appleyard, & Dodge, 2011; Dixon, Browne, & Hamilton-

Giachritsis, 2005; Schofield, Lee, & Merrick, 2013; Thompson, 2006; Thornberry, 

2009), but some others found no evidence (Renner & Slack, 2006; Sidebotham & 

Golding, 2001). Just recently, Widom and colleagues (Widom et al., 2015) 

published a study that can be considered outstanding for the size of the sample (N 

= 1147), the prospective 30-year longitudinal design, and the evaluation of 

outcomes using multiple sources of information (parent and non-parent self-
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reports, offspring reports, and child protection agency records). The results show 

that the magnitude of the intergenerational transmission effect depended in large 

part on the source of information used. In particular, child protective services 

reports are likely to be problematic because of the high rate of detection or 

surveillance bias. However, the offspring of abused parents are more likely to 

report sexual abuse and neglect (but surprisingly, not physical abuse) and also 

that child protective services were concerned about them at some point. 

Just a few studies focused on the mediators of the intergenerational 

stability of maltreatment. In particular, Dixon and colleagues (2005) found a 

mediating role of poor parenting styles and three significant risk factors: parents 

under 21 years old, mental illness or depression, and residing with a violent adult. 

Berlin and colleagues (2011) showed the mediating role of abused mothers’ social 

isolation and aggressive responses. However, more research is needed to 

comprehend the underlying mechanism of the intergenerational association. 

Finally, several studies addressed the moderating role of safe, stable, and 

nurturing relationships (SSNRs) and their results were aggregated by means of a 

meta-analytical procedure (Schofield et al., 2013). Studies with different designs 

and measures were included in the meta-analysis, and studies with especially 

large samples were based on self-report measures and interviews (A. S. Masten, 

2001; Mercy, 2009). However, meta-analytic results support the hypothesis of a 

protective role of SSNRs on the intergenerational continuity of abuse. Thus, a 

romantic partner, a co-parent, or any form of adult social support may play a key 

role in decreasing maltreatment continuity.  

 

Psychodynamic notes on intergenerational transmission 

The idea of a transmission of expectations and desires from parents to 

children is a fundamental idea in the history of psychoanalysis. Freud (1914/1958) 

first described the parental narcissistic investment toward the child, defined as “his 

majesty the baby” (p. 90). In Ferenczi’s (Ferenczi et al., 1995; Ferenczi, 1931) 

exploration of early trauma consequences, the loss of the feeling that the world 
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can be a safe place annihilates the child’s subjectivity: “The weak and 

undeveloped personality reacts to sudden unpleasure not by defence, but by 

anxiety-ridden identification and by introjection of the menacing person or 

aggressor” (Ferenczi, 1933 cited in Frankel, 2002). Even if Ferenczi does not 

directly discuss the effects of early trauma on parenting the next generation, the 

identification process is substantially connected to the caregiving modalities 

experienced by the child and, even more, the affects and thoughts connected to 

them. Frankel (Frankel, 2002) identifies three steps in Ferenczi’s process of 

identification with the aggressor: first, the child is mentally subordinated to the 

aggressor; then, he/she “divines” the aggressor’s desires and enters his/her own 

mind in order to anticipate frightening behaviors and increase the adaptation. 

Finally, the child annihilates him/herself through submission and attuned 

compliance. Anna Freud (1936) identifies the consequences of this transition from 

victim to victimizer, but Ferenczi’s reflection is broader because it refers to the loss 

of inner authenticity and selfhood, describing an effect in some way similar to 

Winnicott’s (1960) concept of false self-organization. In Winnicott’s approach, the 

mother’s lack of ’ability to mirror the child’s affects and emotions leads to denying 

authenticity and building a sort of “mask,” in order to adequate him/herself to the 

parent’s characteristics. From a modern point of view, Fonagy (Fonagy et al., 

2002) describes the mother’s mirroring attitude as the process by which children 

learn how to regulate their own emotions. In both Ferenczi’s and Winnicott’s 

perspectives, the consequences on child’s development are not only the denial of 

the real self, but also that “one may come reflexively to place oneself in the mind 

of everyone around him, scanning, checking out everyone as a possible threat, 

feeling that a repetition of one’s trauma is just around each corner” (Frankel, 

2002). In other words, abusive parents will drive their own children’s development 

to become simultaneously very careful and very insensitive to others’ needs and 

feelings. Victims of abusive parents can develop a strong fear of everyone who is 

different from them because they are perceived as being potentially dangerous; 

then, they will try to influence others in ways that can become aggressive 

(Ferenczi, 1933). Extending this perspective onto the next generation, parents who 

did not work through their abused childhoods can be extremely frightening (Lyons–
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Ruth, Bronfman, & Atwood, 2000; Main & Hesse, 1990) because they will force 

their own mental states into their children, leaving no space for subjectivity or 

authenticity. In this way, the intergenerational pathway of harsh or abusive 

parenting seems completed. 

The description of the consequences of identifying with the aggressor 

impressively resembles the philosophical concept called epistemic vigilance 

(Opposite to “Epistemic Trust”, Grasswick, 2010; Koenig & Harris, 2007; Shafto, 

Eaves, Navarro, & Perfors, 2012; Sperber et al., 2010), the “trust in the 

authenticity and personal relevance of interpersonally transmitted information” 

(Fonagy & Allison, 2014). Building upon the empirical evidence of the association 

between mothers’ attachment security and the development of children’ epistemic 

trust (Corriveau et al., 2009), Fonagy (Fonagy & Allison, 2014; Fonagy, Luyten, & 

Allison, 2015) proposed that an exaggerated vigilance toward communication with 

others is implicated in the development of personality disorders. From a clinical 

perspective, Jurist (Fonagy et al., 2002) defined the hostility expressed by a 

traumatized mother in psychotherapy as a “traumatic reenactment” (p. 446). The 

lack of authenticity is described in terms of deficits in emotion recognition and 

regulation: “Her rage flared up and automatically poured out; it loomed ominously 

in her psychic functioning. Teresa must have felt tremendous fear in the situation 

of having to defend herself as a mother, yet her rage contaminated the experience 

of this or any other affects” (p. 447). Once again, the association between fear and 

aggression was established, and the incapability of accessing the real emotional 

experience enabled the intergenerational transmission. 

In the psychodynamic perspective, Selma Fraiberg directly addressed the 

question of parenting transmission. by referring to the history of the mothers with 

the evocative expression of “ghosts in the nursery” (Selma Fraiberg, Adelson, & 

Shapiro, 1975). Powerfully described as “the uninvited guests at the christening 

[that] conduct the rehearsal of the family tragedy from a tattered script” (p. 387-

388), the ghosts represent repetitions of the past into the present: parents’ 

unremembered, early experiences of fear during childhood that unintentionally 

strike into the new child’s caregiving. The parent’s visceral reactions are driven by 
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the unrecognized past experience, and he/she fails to properly recognize or 

respond to the child’s signals asking for security. The child’s distress signals are 

either ignored or interpreted as expressions of hostility, therefore inducing an 

’angry reaction from the parent (Lieberman, Padrón, Van Horn, & Harris, 2005; 

Lieberman, 2007). More specifically, Fraiberg (1980) describes the ghosts in the 

nursery not as the direct effects of the real events of harsh/abusive parenting, but 

the repression of the affects associated with the real frightening experience. In this 

sense, negative childhood events do not automatically imply that the same 

experiences will be actualized with the parents’ children. Fonagy (Fonagy, Steele, 

Moran, Steele, & Higgitt, 1993) claim that even if not explicitly stated by Fraiberg, 

her clinical work implies that “the quality of the mental representation of the object 

and the representation of the self’s relationship to it may be a further important 

determinant “ (p. 959) to elicit (or not) the intergenerational transmission of 

maltreatment. Lieberman and colleagues (2005) proposed the concept of “angels 

in the nursery” to describe the experience of intense shared affect between a 

parent and a child, “in which the child feels nearly perfectly understood, accepted, 

and loved” (p. 504). The authors claim that this kind of experience can represent a 

buffer from overwhelming trauma and interrupt the re-actualization of 

maltreatment. Finally, a parallel is made between the angels in the nursery and the 

work in psychotherapy with traumatized parents, in which fostering the 

“reemergence” of representations of these figures can elicit a positive 

transformative stance. 

 

An attachment perspective: the caregiving system 

Bowlby (1969) defined attachment in terms of the ethological concept of 

the behavioral system, a biologically evolved program that organizes behaviors to 

increase survival and reproduction. The goal of attachment is to obtain protection 

from an attachment figure in case of real or perceived danger (Cassidy, 2008). 

Bowlby claimed that the behavioral system played a central role during an 

individual’s entire life: the goal remains the same, but the behavior to reach it 
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depends on the current developmental task in an individual’s life span. The 

complementary behavioral system is the caregiving one: at some point an 

individual is asked to shift from seeking protection to providing it (George & 

Solomon, 2008). Both systems share the same behavioral goal -the protection of 

the child- and therefore the same adaptive function: an increase of individual’s 

reproductive fitness (Belsky, 1997; Simpson & Belsky, 2008). In fact, caregiving 

system is activated by situations that are perceived by the parent as dangerous, 

fear provoking or upsetting for the child. The cues that usually activate caregiving 

behaviors in adults are separations, dangers, and children’s signals like crying 

(Soltis, 2004). Consistently with the strong feeling aroused by attachment, 

caregiving is also associated with strong emotions. Parents who are separated 

from their children will feel sad and will try to rejoin them. When children are in 

danger or distressed, especially when parents are not able to comfort their 

children, anxiety and despair will encourage parents to increase their protection 

efforts. On the contrary, great satisfaction comes from comforting and providing 

security for their children (Bowlby, 1969; George & Solomon, 2008). 

Bowlby (1969, 1980) proposed that children’s first experiences in 

interactions with their mother lead to the development of expectations regarding 

their feeling of security. Later, these expectations become organized 

representations—or internal working models—of the self, significant others, and 

the relationship between the two (Bretherton & Munholland, 2008; Pietromonaco & 

Barrett, 2000). A child engaged in interactions with a rejecting mother will depict 

her as emotionally unavailable and him/herself as ineffective and not worthy of 

help and comfort. On the contrary, an infant raised by a responsive and 

emotionally available mother will represent him/herself as love deserving and able 

to communicate emotional states and needs. Moreover self–other relationship 

representations are considered organizers of emotion (Cassidy, 1994; Eagle, 

1990; Fonagy, Gergely, & Target, 2008; Holmes, 2000; Mikulincer & Shaver, 2007, 

2008): emotion regulation processes develop in a relational context and will 

condition all future relationships in a dynamic interplay. The parent child affective 

communication provides the context where the child can experiment, understand 
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and organize affective experience (Cassidy, 1994). A secure child is engaged in a 

relationship with a sensitive parent who is able to decode and properly respond to 

infant’s signals. Therefore the expression of emotional states is perceived as 

useful by the infant in order to be understood and to obtain a parental response 

that is attuned to him/feeling, even during distress. Parent's sensitive response will 

in turn enhance the child's sense of efficacy in modulating his/her feeling states 

(Bell & Ainsworth, 1972). The expectation of a supportive parent during the 

experience of negative affects helps learning that negative states can be 

temporarily tolerated and co-regulated (Beebe et al., 2010). The parent of an 

insecure avoidant child who chronically rejects his/her attachment needs will pass 

to the child a strategy to handle emotions based on minimizing them. The child will 

decrease the time spent in trying to activate adult’s caregiving system. Although 

this is probably the most adaptive strategy in that specific environment in order to 

increase the chances to get support when actual dangers occur (Bowlby, 1969; 

Del Giudice & Belsky, 2007; Simpson & Belsky, 2016), the child learns that 

emotion communication is not associated to parental support. The child has to rely 

on his/her self-regulatory ability to minimize, but not regulate, emotional states. 

Minimization strategies are also necessary because the lack of supportive care 

experienced arouses an angry reaction that has to be muted into something else 

in order not to disrupt attachment bond. The child ends in denying emotional 

states and building a sort of mask of him/herself, very close to Winnicott’s 

perspective of false self (Winnicott, 1960). Finally, insecure ambivalent children 

who experience parents providing cares in an unpredictable way, develop 

strategies aimed at maximizing the activation of parental caregiving behaviors. 

Their parents are characterized by high emotional arousal that can drive them 

towards attuned responses as well as very disruptive interactions. Children 

communication of emotions is heightened and functional in order to elicit 

attachment behaviors in parents. Parents’ fear of losing the child encourages the 

expression of heightened anger and fearfulness as a reassurance that the child is 

involved with her. “They reassure the parent that she will continue to be needed 

and that the child will remain close to her; in other words, they reassure the parent 

that the child "will not become an adult and leave" (Bacciagaluppi, 1985, p. 371)”” 
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(Cassidy, 1994, p. 244). This perspective is consistent with Main’s definition of 

working defensive strategies (Main, 1995) that highlights how different patterns of 

attachment are well explained in terms of defensive mechanisms or coping 

strategies developed to face mother’s emotional availability since the first months 

of life.  

In adulthood, these representations of childhood attachment experiences 

affect also the caregiving system. A sort of confirmation of the similarities and 

overlaps for the two separate systems, attachment and caregiving, comes from the 

process of development of the adult attachment gold standard measure, the Adult 

Attachment Interview (AAI, George, Kaplan, & Main, 1985; Hesse, 2008; Main, 

Kaplan, & Cassidy, 1985). Main and colleagues (1985) noticed that the quality of 

the narratives on childhood attachment experiences was able to discriminate 

between mothers of children with different attachment patterns. Consequently, 

they offered a new definition of Internal Working Models in terms of the rules 

(conscious and unconscious) that organize information relevant to attachment. 

The focus is not on childhood experiences per se, but on the ability to reflect upon 

them in a coherent way. Internal working models can act in a way similar to 

defensive mechanisms (Fonagy et al., 2008; A. Freud, 1936; Mikulincer & Horesh, 

1999; Perry & Henry, 2004) because can distort mental states to reduce anxiety, 

distress, or displeasure they can generate. These mental operations are thought to 

be considerably stable during life (Bakermans-Kranenburg & Van IJzendoorn, 

1993; Bowlby, 1969; Fraley, 2002) and therefore to ensure continuity of the 

attachment system during the life span. Moreover, internal working models seem 

to affect also caregiving processes and to be passed in some way to the next 

generation. Bretherton proposed a process of identification: “individual may be 

using the internal model of the parent to guide his or her own parenting behavior” 

(Bretherton, 1985, p. 23). In other words, even if different systems, attachment and 

caregiving are in some way connected, at least because the reflection on mothers’ 

attachment experiences is predictive of their own children development of 

attachment. Since Main’s seminal study, research on the intergenerational 

transmission of attachment became a landmark of developmental psychology and 
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a powerful key of comprehension of reality (van IJzendoorn, 1995a; Verhage et al., 

2015). 

 

The intergenerational transmission of attachment 

van IJzendoorn in 1992 describes the study of the association between 

mothers’ state of mind with respect to attachment and children pattern of 

attachment as an approach to the intergenerational transmission of parenting. He 

could not find satisfying evidences of intergenerational transmission of parenting 

and proposes the transmission of attachment as a more sophisticated approach to 

the study of the continuity of representations between generations, more than just 

behavior. In 1995, he publishes the first meta-analytic work on the topic and 

confirms the existence of a stable continuity of attachment between parents and 

children (for secure autonomous transmission, r = .47). More intriguingly, he tested 

a mediation model to study the mechanisms through which attachment is 

transmitted. Ainsworth’s seminal works (Ainsworth, Bell, & Stayton, 1974; 

Ainsworth, Blehar, Waters, & Wall, 1978) had claimed a primary role of caregiver 

sensitivity in mediating the association between mother’s representation and 

child’s attachment. In fact, sensitivity is defined as mother’s ability to produce a 

response attuned to child’s needs, to recognize child’s emotions, to regulate them 

and not less important to establish physical contact with him/her. Unexpectedly, 

the mediating effect in the meta-analytic model was just partial. van IJzendoorn 

(1995; De Wolff & van IJzendoorn, 1997) called this lack of explanation of the 

mechanism implicated in the continuity of attachment across generations the 

“Transmission Gap”. Since then, many efforts to explain and to bridge the 

transmission gap were devoted. George and Solomon (2006) interpret the gap as 

a cue of the relative independence of the attachment and caregiving systems. In 

partial support of this claim, some researchers have focused on parents’ cognitive 

abilities to represent their children and their affective and mental states. More 

specifically, Slade and colleagues (Fonagy & Target, 2005; Grienenberger, Kelly, 

& Slade, 2005; Slade, Belsky, Aber, & Phelps, 1999; Slade, Grienenberger, 
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Bernbach, Levy, & Locker, 2005) introduced the mediational role of Reflective 

Functioning (Fonagy, Target, Steele, & Steele, 1998; Katznelson, 2014) “namely 

the mother's capacity to hold her baby and his mental states in mind” (Slade et al., 

2005, p. 284). Thanks to their attachment experiences, secure mothers should be 

able to explore their own mental states and to extend this open stance to children’ 

mental states as well. The awareness of their own mental states allows the 

mothers to understand their infants respecting the idea that children are separate 

human beings. In children, this maternal stance enables the formation of an 

authentic and open self. From an emotion regulation perspective, mothers high in 

reflective functioning are better in regulating children’ fear: they can understand 

children’ feelings, validate them and support their children without frightening 

them. Fonagy and Target (2005) suggest not only the closeness of this 

perspective to Bion’s (1962/2013) idea of containment, but that mother’s ability to 

understand her child mental states (mentalization) should be a fruitful target for 

interventions to prevent frightening parenting behaviors. A similar concept is 

Meins’s mind-mindedness (Meins et al., 2012; Meins, Centifanti, Fernyhough, & 

Fishburn, 2013; Meins, Fernyhough, & Harris-Waller, 2014) defined as the ability 

to treat one’s child as an individual. The partially mediating role of both variables 

confirm that intergenerational transmission can depend on different cognitive 

abilities beyond the behavioral level. Other studies focused on the ecological 

factors implicated in moderating the effect of caregiving sensitivity (Tarabulsy et 

al., 2005). Bernier and colleagues (Bernier, Matte-Gagné, Bélanger, & Whipple, 

2014) expanded the behavioral measure of caregivers’ parenting behavior, adding 

the construct of “autonomy support” to traditional maternal sensitivity. 

Just recently, a new meta-analytic work (Verhage et al., 2015) revisited van 

IJzendoorn’s 1995 previous findings, adding two decades of new research and 

updating effect sizes and research progress. In a much broader pooled sample (N 

= 4,819), analyses confirmed a significant association both for autonomous secure 

transmission and for unresolved transmission, even if with smaller effect sizes 

than before. Moreover, the parent–child association in attachment classifications is 

moderated by the risk status of the sample, the focus on adoptees’ biologically 
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related children, and the children’s age. If, on one hand, newer studies show 

smaller effect sizes in the across-generation stability, on the other hand, the 

transmission gap is still present but narrower than in the previous work. The 

existence of the transmission gap two decades later seems to confirm the 

presence of a missing link between caregivers and children’s attachment 

classifications, and is not only the result of a measurement issue or a meta-

analytical artifact from the previous study. Therefore, the authors articulated a 

theoretical model (Figure b) to account for the complexity of the intergenerational 

transmission of attachment. In particular, they claim that more research is needed 

in three domains that research has shown as fundamental in the mechanisms of 

transmission but that have not been fully explained yet. A strong moderator of the 

stability could be the effect of family characteristics, mainly in terms of the 

buffering effect of parental support and romantic relationships on stress. Another 

issue that is likely to play a key role but has no research available yet is differential 

susceptibility. Children’s different sensitivities to the environment have to be 

addressed in order to understand its impact in deviating developmental 

trajectories, for better and for worse (Bakermans-Kranenburg & van IJzendoorn, 

2015). Besides these factors, a deeper comprehension of caregivers’ functioning 

is expected. Transmission between parent and child seems to lie on a more subtle 

level than both behavior (caregiving sensitivity) and the cognitive abilities of 

children’s functioning (reflective functioning and mind mindedness). Thus, a focus 

is suggested on implicit and automatic processes that drive the effect of 

attachment representations in shaping children’s attachment relationships. The 

primary candidate for this kind of exploration is caregivers’ neurophysiological 

functioning. Research has been made on both the neural characteristics of parents 

(e.g. Lomanowska et al., 2015; Riem, Bakermans-Kranenburg, et al., 2011; James 

E. Swain, 2011) and brain correlates of attachment (e.g. Lenzi et al., 2013; Riem, 

Bakermans-Kranenburg, van IJzendoorn, Out, & Rombouts, 2012; Strathearn, 

Fonagy, Amico, & Montague, 2009). However, many steps are still required before 

these studies con provide reliable effects and methodologies that can be used to 

explore attachment transmission in depth. 
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Breaking the cycle: interventions to prevent harsh parenting 

Many interventions have focused on improving the quality of parental 

behavior, particularly caregiving sensitivity (Bakermans-Kranenburg, van 

IJzendoorn, & Juffer, 2003). Some studies have focused on at-risk populations 

(e.g. Bakermans-Kranenburg, Juffer, & Van Ijzendoorn, 1998; Black & Teti, 1997; 

Lyons-Ruth, Connell, Grunebaum, & Botein, 1990; Van Zeijl et al., 2006). The 

results from a meta-analytical approach show that interventions seem effective in 

enhancing parental sensitivity and infant attachment security (Bakermans-

Kranenburg et al., 2003). More specifically, a moderate number of sessions seems 

to be more effective than many sessions as well as interventions that only focus 

on sensitivity. In turn, parental sensitivity promotes attachment security, confirming 

its causal role in attachment transmission (van IJzendoorn, 1995a; Verhage et al., 

2015). 

The small magnitude of the effects of the intergenerational transmission of 

parenting makes a direct test of the effect of interventions on the stability of harsh 

Figure b. Proposed theoretical model of the intergenerational transmission of 
attachment. Constructs in dashes remain to be investigated. In Verhage et al., 2015, p. 
23. 
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parenting across generations very difficult. Usually, populations at risk of 

maltreatment are considered when many other risk factors are present, like low 

SES, early parenting, substance abuse, or even violent partners. Some studies 

have focused on samples of maltreating families and tested the efficacy of 

interventions in improving parenting abilities and decreasing the detrimental 

effects of child abuse and neglect. For instance, Swenson and colleagues 

(Swenson, Schaeffer, Henggeler, Faldowski, & Mayhew, 2010) conducted 

randomized controlled trials of multisystemic therapy for child abuse and neglect 

(MST-CAN) in a sample of abused pre-adolescents and adolescents as well as 

their families. MST-CAN significantly reduced youth mental health symptoms, 

parent distress, harsh parenting behavior connected to maltreatment, and changes 

in youth placements. Yet, even though the MST-CAN group had a slightly lower 

rate of reabuse situations, the overall incidence was extremely low and did not 

reach statistical significance. 

Some meta-analytic studies were conducted to synthetize results on the 

effectiveness of intervention programs aimed at preventing or reducing child 

maltreatment. The only study that focused only on randomized clinical trial and 

measured the actual occurrence of child abuse and neglect has been recently 

conducted by Euser and colleagues (Euser et al., 2015). They tested the 

effectiveness of programs aimed at preventing child maltreatment (both in the 

population and in high-risk samples) and reducing the rate of child abuse and 

neglect in abusive families. Unfortunately, disappointing results emerged. A small 

but significant pooled effect on maltreatment (d = 0.13, N = 4,883) was found but 

disappeared when publication bias was taken into account. This, of course, does 

not mean that some interventions are not effective, such as, for instance, the 

previously mentioned MST-CAN or the parent child interaction therapy (Chaffin et 

al., 2004). In particular, moderator analyses showed that more recent studies have 

had larger effect sizes, as well as studies that had a parent training program and 

studies that targeted maltreating families. 

Only one study (not present in the previous mentioned meta-analysis 

because it was not focused on child maltreatment) tested the effects of a 
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preventive parenting intervention on the transmission of a parenting-related 

domain. In fact, Mahrer and colleagues (Mahrer, Winslow, Wolchik, Tein, & 

Sandler, 2014) not only evaluated the effectiveness of the “New Beginnings 

Program” on G1 parenting quality and G2 wellbeing, but also on the 

intergenerational transmission of parenting attitudes from G1 to G2. Since 

parenting attitudes have been found to be predictors of later mother–infant 

relationships, parenting behavior, and child outcomes (Kiang, Moreno, & 

Robinson, 2004; Lounds, Borkowski, Whitman, Maxwell, & Weed, 2005; 

O’Callaghan, Borkowski, Whitman, Maxwell, & Keogh, 1999; Schatz, Smith, 

Borkowski, Whitman, & Keogh, 2008). These results suggest that the 

intergenerational transmission of poor parenting practices can be interrupted by a 

short parenting intervention. This is obviously is not direct proof of a break in the 

across-generation stability of parenting; however, this study is the first attempt to 

test the susceptibility of the association in a prospective way. The future direction 

of research should be considered to face a complete intergenerational 

transmission model, by means of an extension of the research design to G3 

effects. 

The aforementioned meta-analytic study and consistent recent reviews 

(Forman-Hoffman et al., 2013; MacMillan et al., 2009) contain a strong call for new 

research in two primary directions. First, more randomized clinical trials are 

needed to strengthen the effectiveness of interventions and to shed light on the 

characteristics of programs that are able to optimize the effectiveness. Second, 

more basic research is needed to better comprehend the disrupted processes that 

lie at the core of dysfunctional parenting and the intergenerational transmission of 

maltreatment. This could help in developing more specific and focused 

intervention programs as well as in maximizing their efficacy and cost-

effectiveness. The disappointing meta-analytic results are an incentive for stronger 

efforts to understand better ways to approach the highly socially relevant issue of 

childhood abuse and neglect prevention. 
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Step back to move forward: a focus on the processes 

Despite the many research advances on the intergenerational transmission 

of parenting and its high relevance to clinical and social domains, the field needs a 

paradigm shift produce new insights on the implicated mechanisms. After 

establishing the existence of the effect and its magnitude, researchers are now 

asked to answer more subtle questions on the processes that lie behind it. The 

study of basic neurophysiological and psychological processes affected by early 

parenting experiences, which are in turn responsible for parenting behaviors, 

seems to be a fruitful field of research. In particular, studies on the effects of early 

stress on childhood and adult neurophysiological functioning are now at the cutting 

edge of international research (e.g. Hackman & Farah, 2009; Pechtel & Pizzagalli, 

2011; Pollak, 2008; Tost, Champagne, & Meyer-Lindenberg, 2015). This huge 

corpus of research does not entirely address the topic of parenting or, more 

specifically, the intergenerational transmission of attachment, but many relevant 

studies have been conducted in this direction (Atzil, Hendler, & Feldman, 2011; 

Kim et al., 2010a; Riem, Alink, Out, Van Ijzendoorn, & Bakermans-Kranenburg, 

2015; Riem, Bakermans-Kranenburg, Huffmeijer, & van IJzendoorn, 2013; Riem, 

Pieper, Out, Bakermans-Kranenburg, & van IJzendoorn, 2011; Strathearn et al., 

2009; J E Swain et al., 2014; Weisman, Zagoory-Sharon, & Feldman, 2012). 

Moreover, many different effects (either directly relevant or not) have started to 

pile up, and the first attempts to review and synthesize them, can be made in order 

to propose new theoretical approaches (Crandall, Deater-Deckard, & Riley, 2015; 

Lomanowska et al., 2015; Rutherford, Wallace, Laurent, & Mayes, 2015). 

Comprehending the mechanisms implicated in the transmission of dysfunctional 

parenting can lead to the formulation of new hypotheses that can therefore be 

tested in more classic designs. An example from past research is the discovery of 

the representational level of attachment security, which led to new, interesting 

research on what is transmitted from mother to child and how this process works. 

Moreover, the apparent research failure in explaining the mediation effect of 

parental sensitivity on parent–child attachment association led to an interesting 

call for research, from which new hypotheses were tested and new constructs 
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were proposed. A similar shift is needed for the study of continuity of parenting 

because not only is research to comprehend the phenomenon lacking, but 

intervention programs also show disappointing results in preventing the most 

dangerous of harsh parenting behaviors, child abuse, and neglect (Euser et al., 

2015). New insights on the mechanisms that connect early, negative experiences 

to the augmented risk of reenacting similar behavior would be helpful in building 

new interventions. 

Considering the enormous advances of traditional research in the field, 

especially in terms of the methodological requirements to support its claims, 

experimental laboratory research seems to constitute a step back in the direction 

of a naturalistic ecological approach. This is undoubtedly true because the levels 

of inferences of laboratory effects applied to real life are problematic. However, a 

focus on the mechanisms implies a certain level of abstraction for the measured 

variables, but in exchange allows control many confounding effects to be 

controlled and specific hypotheses to be tested. An intriguing example is 

constituted by research on oxytocin’s role in parenting processes. Oxytocin is a 

neuropeptide that has been highly implicated in parenting processes (Bakermans-

Kranenburg & van I Jzendoorn, 2013), as suggested by its increase during 

breastfeeding and evidence from different research fields. It would be impossible 

to understand its role in parenting processes without a laboratory trial based on 

the exogenous administration and contextual manipulation of as many 

confounding variables as possible. In this way, oxytocin administration has been 

found to have many different behavioral consequences that can even be 

contradictory and highly dependent on participants’ characteristics. Therefore, a 

high-level explanatory theoretical framework has been proposed (e.g. Social 

salience hypothesis, Shamay-Tsoory & Abu-Akel, 2015) and oxytocin’s effects on 

psychological treatments have been considered. 

Laboratory studies of intergenerational transmission rely on a quasi-

experimental methodology: research designs imply the manipulation of the target 

variable but in interaction with childhood histories of parenting care. A problematic 

issue is the retrospective nature of most of the laboratory studies on the 
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neurophysiological correlates of parenting. In testing the role of early experiences, 

the use of retrospective instead of prospective studies constitutes a major 

limitation in interpreting the findings. Memory bias (Hardt & Rutter, 2004), 

especially in highly emotional childhood experiences, is well documented and 

decreases the power of a study to actually focus on that specific past experience. 

Prospective studies in this field are still rare because of the novelty of the 

approach and the often exploratory nature of the studies. This definitively makes 

prospective studies not cost effective. There are, in any case, some important 

exceptions (e.g. Zerach, Kanat-Maymon, Aloni, & Solomon, 2016). If this 

constitutes a serial limitation, then one way to decrease its detrimental effect on 

the study’s power is to use well-validated and supported measures. A very good 

example of a retrospective measure of stress during childhood (i.e. emotional and 

physical abuse and emotional and physical neglect) is the Childhood Trauma 

Questionnaire (Bernstein et al., 1994, 2003a), a widely used self-report with high 

validity and good results in assessing histories of trauma in adults. 

Concerning participant recruitment, several issues can be raised. First of 

all, gender often has an effect in parenting studies, essentially due to evolutionary 

differences in adaptation (Belsky, 1997; Del Giudice, 2009). Traditionally, the role 

of fathers has often been neglected, considering mothers’ primary contribution in 

children’s development. Now, research is extending to fathers (Kerr, Capaldi, 

Pears, & Owen, 2009; J E Swain et al., 2014; Weisman et al., 2012) but the 

amount of literature available for mother is overwhelming and allows for a better 

formulation of hypotheses and interpretations of the results. Moreover, the 

presence of gender effects is rarely understandable or predictable, leading to 

confounding effects. This is why a lot of research is still conducted on females. 

The last question is about testing hypotheses on parents versus males and 

females without children. It seems that adults process infant stimuli in specific 

ways as form of adaptation to the environment (Glocker, Langleben, Ruparel, 

Loughead, Gur, et al., 2009; Glocker, Langleben, Ruparel, Loughead, Valdez, et 

al., 2009; Kringelbach et al., 2008; Riem, Bakermans-Kranenburg, Voorthuis, & 

van IJzendoorn, 2014). This effect is consistent with the very idea that an 
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intergenerational transmission of parenting behaviors exists: exposure to specific 

forms of parenting during childhood will affect parenting behaviors many years 

later. Thus, childhood effects have to be “stored,” in some ways affecting 

psychological or neurophysiological processes. Moreover, parental brains have 

been shown to be characterized by specific processes and neurophysiological 

markers (Piallini, De Palo, & Simonelli, 2015; J E Swain et al., 2014; James E. 

Swain, 2011). Therefore, research is needed on adults with and without children: 

the firsts because can explain mothers’ and fathers’ behaviors and specificity; the 

second because, from the perspective of intergenerational transmission, 

confounding effects of parent experience can be avoided. 
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Section One: 

Implicit processes of 

parenting: the role of 

attachment styles and early 

experience 
 

 

 

 

 

 

 

Introduction to the section 

Even if intergenerational transmission of parenting effect has been 

established (Belsky, Conger, et al., 2009; Conger et al., 2009), its predictive power 

remains low. A primary explanation for this evidence could be that the procedure 

to assess parenting relies too much on a behavioral domains that it is not probably 
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able to tap the complexity of the phenomenon. A similar issue pertains attachment 

transmission, because when a representational model is used the association 

between generations the effect is at least moderate to high. On the contrary when 

the association between representations across generations is thought to be 

mediated by a behavioral measure such as parental sensitivity, the mediation 

effect is small. Therefore, many scholars focused on studying which other 

psychological variables can intervene to predict the stability across generations. 

We propose here two different methodological approaches, adapted from the 

social cognition field, to test the predictive role of adult attachment styles and 

childhood history on the responses to two different parenting related types of 

stimuli. The interconnection with social cognition has already been proved to be 

particularly prolific. For instances, Westen (1991) proposed the social cognition 

approach to be a connection point with psychodynamic theory of object 

relationships. Then he presents the studies on the representational perspective on 

adult attachment as a fruitful form of integration (Main et al., 1985; Main, 1995). 

Others researchers studied attachment theory within a proper social cognition 

framework. Results created important insights on attachment theory basic 

foundations such as the definitions of internal working models (Baldwin, Fehr, 

Keedian, Seidel, & Thomson, 1993; Baldwin, Keelan, Fehr, Enns, & Koh-

Rangarajoo, 1996). Moreover from social cognition comes one of the most useful 

approaches to the study of adult attachment, the emotion regulation perspective. 

In fact, Mikulincer and colleagues (Ein-Dor, Mikulincer, & Shaver, 2011; Gillath et 

al., 2006; Mikulincer & Shaver, 2007, 2008) repeatedly showed that individual 

differences in attachment styles rely on different ways to regulate emotions. 

Therefore we propose two different ways to study implicit processes within 

the intergenerational transmission of parenting. In Chapter 1 we tested the 

hypothesis of an association between adult attachment styles and the formation of 

implicit attitudes toward caregiving. We are interested in establishing this 

association because we start from the theoretical hypothesis of caregiving and 

attachment as different motivational systems that share the same evolutionary 

goal: to increase security of the infant and to increase the chances of genes 
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transmission from one generation to the other. We propose that differences in 

adult attachment styles are associated to a preference for a caregiving style 

coherent with participants’ own attachment styles and therefore experience. 

In Chapter 2 we hypothesize that childhood maltreatment affect the 

behavioral approach avoidance response to infant stimuli with different emotional 

expressions. Our aim is to extend to infant processing the known effect of a bias to 

threat in adults with histories of maltreatment. We hypothesize that an augmented 

bias in processing emotionally negative infant stimuli could be responsible for a 

diminished parental sensitivity and, in turn, the intergenerational stability of 

attachment. For a better comprehension of the process implicated we added also 

two different manipulations of the laboratory conditions. In one case we 

manipulated mood of the participants to simulate parenting processes during 

enhanced positive or negative emotions. In the other case we used a Transcranic 

Magnetic Stimulation (TMS) to test the causal role of right Inferior Frontal Gyrus, a 

brain area strongly involved in empathy and mirroring processes, in determining 

the approach avoidance behavior. 
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Chapter 1 

Linking attachment and 

caregiving systems: anxiety 

and avoidance effects on 

implicit attitudes towards 

parenting styles 
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Introduction 

Even if intergenerational transmission of parenting effect has been 

established (Belsky, Conger, et al., 2009; Conger et al., 2009), its predictive power 

remains low. A primary explanation for this evidence could be that the procedure 

to assess parenting relies too much on a behavioral domains that it is not probably 

able to tap the complexity of the phenomenon. A similar issue pertains attachment 

transmission, because when a representational model is used the association 

between generations the effect is at least moderate to high. On the contrary when 

the association between representations across generations is thought to be 

mediated by a behavioral measure such as parental sensitivity, the mediation 

effect is small. Therefore, many scholars focused on studying which other 

psychological variables can intervene to predict the stability across generations. 

We propose here two different methodological approaches, adapted from the 

social cognition field, to test the predictive role of adult attachment styles and 

childhood history on the responses to two different parenting related types of 

stimuli. The interconnection with social cognition has already been proved to be 

particularly prolific. For instances, Westen (1991) proposed the social cognition 

approach to be a connection point with psychodynamic theory of object 

relationships. Then he presents the studies on the representational perspective on 

adult attachment as a fruitful form of integration (Main et al., 1985; Main, 1995). 

Others researchers studied attachment theory within a proper social cognition 

framework. Results created important insights on attachment theory basic 

foundations such as the definitions of internal working models (Baldwin et al., 

1993, 1996). Moreover from social cognition comes one of the most useful 

approaches to the study of adult attachment, the emotion regulation perspective. 

In fact, Mikulincer and colleagues (Ein-Dor et al., 2011; Gillath et al., 2006; 

Mikulincer & Shaver, 2007, 2008) repeatedly showed that individual differences in 

attachment styles rely on different ways to regulate emotions. 

Therefore we propose two different ways to study implicit processes within 

the intergenerational transmission of parenting. In Chapter 1 we tested the 

hypothesis of an association between adult attachment styles and the formation of 
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implicit attitudes toward caregiving. We are interested in establishing this 

association because we start from the theoretical hypothesis of caregiving and 

attachment as different motivational systems that share the same evolutionary 

goal: to increase security of the infant and to increase the chances of genes 

transmission from one generation to the other. We propose that differences in 

adult attachment styles are associated to a preference for a caregiving style 

coherent with participants’ own attachment styles and therefore experience. 

In Chapter 2 we hypothesize that childhood maltreatment affect the 

behavioral approach avoidance response to infant stimuli with different emotional 

expressions. Our aim is to extend to infant processing the known effect of a bias to 

threat in adults with histories of maltreatment. We hypothesize that an augmented 

bias in processing emotionally negative infant stimuli could be responsible for a 

diminished parental sensitivity and, in turn, the intergenerational stability of 

attachment. For a better comprehension of the process implicated we added also 

two different manipulations of the laboratory conditions. In one case we 

manipulated mood of the participants to simulate parenting processes during 

enhanced positive or negative emotions. In the other case we used a Transcranic 

Magnetic Stimulation (TMS) to test the causal role of right Inferior Frontal Gyrus, a 

brain area strongly involved in empathy and mirroring processes, in determining 

the approach avoidance behavior. 
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Attachment theory 

In the first formulations of attachment theory, Bowlby (Bowlby, 1969, 1980) 

postulated that children’s need of their caregivers, in terms of proximity seeking, 

was indispensable for evolutionary adaptation. Children rely on caregivers for 

safety and resources, but attachment bonds have far-reaching implications since 

they are involved in shaping development. As Bowlby (1969/82, p. 64) stated, “Not 

a single feature of a species' morphology, physiology, or behaviour can be 

understood or even discussed intelligently except in relation to that species' 

environment of evolutionary adaptness. (EEA)”. This is consistent with the idea 

that less than optimal developments should be conceived as a sort of “over-

adaptation” to a maladaptive environment rather than as mere failures in 

adaptation. 

The evolutionary pressure that fosters mother-infant bonding lies at the 

core of adult social behaviors. Baumeister and Leary (1995) highlighted the 

benefits of forming and maintaining social bonds in terms of survival and 

reproduction, proposing that the need for interpersonal attachments constitutes a 

fundamental human motivation. Bowlby introduced the concept of Internal Working 

Models (IWM), whose function is “to simulate happenings in the real world, thereby 

enabling the individual to plan his behaviour with all the advantages of insight and 

foresight” (Bowlby, 1988). The IWMs are expectations aimed at the preservation of 

self-regulation and positive affect even in adverse environmental conditions 

(Schore, 1994; Sroufe & Jacobvitz, 1989). Main and colleagues (Main et al., 1985) 

went beyond the behavioral perspective by introducing a representational 

framework, in which IWMs are considered to be “a set of conscious and/or 

unconscious rules”, organizing attachment-related memories, emotions and 

thought processes. (p. 66). 

 

Social cognition of attachment 

Westen (1991) proposed that attachment studies are one of the most 

productive fields in which psychodynamic and cognitive studies can be integrated. 
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In his view, representations that underlie attachment-related processes constitute 

a key element in linking these two perspectives. In fact, Bowlby always underlined 

the primary role of beliefs and cognitive schemata in orienting attachment 

behaviors and expectations, but it is only after the reconceptualization of 

attachment theory in representational terms that social cognitive models and 

methods have effectively been implemented in this field (Bartholomew & Horowitz, 

1991; Brennan, Clark, & Shaver, 1998; Brennan & Shaver, 2002; Mikulincer, 

Shaver, Gillath, & Nitzberg, 2005; Shaver & Mikulincer, 2013).  

From a social cognition perspective, Baldwin and colleagues (Baldwin et 

al., 1996) found that accessible memories of satisfying or unsatisfying attachment 

experiences play a role in shaping the perception of relationships. Moreover, they 

showed that mental schemas of attachment can have different accessibility 

depending on different contexts, in a similar way to the majority of cognitive 

structures. In particular, they asked the participant to visualize different kinds of 

relationships and this led them to react in different ways to interpersonal 

information and to show increased attraction toward potential dating partners with 

the same attachment orientation. This helped to improve our understanding of the 

IWMs moving forward from a definition based on personality traits to a more 

complex perspective based on a hierarchical structure of relationship specific 

attachment orientations (Bretherton, 1987, 1999). In the same perspective Bartz 

and Lydon (2004) found the effect of manipulating close relationships on the 

working self-concept, in particular on agency and communion. Security priming of 

attachment leads to positive relationship expectations and affect (Carnelley & 

Rowe, 2007; Gillath, Selcuk, & Shaver, 2008; Rowe & Carnelley, 2003) and the 

effect seems stable across the life span and for different domains of social 

information processing (Dykas & Cassidy, 2011). 

A social cognition perspective has been applied also to parenting 

behaviors. Atkinson and colleagues (2009) studied the interplay between 

emotional cognitive processes (selective attention in the Stroop task) and 

disorganized attachment in mothers and their children. They found an interesting 

interacting role of both attachment and loss of controlled attention that they 
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interpret as a process of “threat tags”. They conclude that IWMs role in risk for 

psychopathology can be fully appreciated only if research tries to explore different 

levels of analysis of attachment representations (cognitive and affective). In fact, 

Okagaki and Bingham (2005) had tried to drive the attention of researchers to the 

relevance of a better comprehension of the relation between social cognition and 

behavior in order to develop effective parent intervention programs. For instance, 

parental stress seems to be associated to both anxiety and avoidance of 

attachment, because of the difficulties they imply in coping with distress, but in 

different ways: more avoidant women attribute negative distress to a characteristic 

of the baby and not situational factors; more anxious women make more mistakes 

in recognizing fear and attribute distress to physical factors, then they could show 

an out of sync response to the babies’ distress signs (Leerkes & Siepak, 2006; for 

a complete review of a social cognition approach to parenting procesess and 

behaviors, see: Jones, Cassidy, & Shaver, 2015a, 2015b). 

 

Implicit activation of attachment representations 

Attachment research studied the role of implicit activation of attachment 

representations (Gawronski & Payne, 2011), starting from Bowlby’s idea of the 

importance of automatic attachment schemata. For instance, there is evidence of 

individual differences in expressing avoidance or hypervigilance with respect to 

attachment threats: fearful avoidant individuals are in fact characterized by 

cognitive avoidance of all highly emotional stimuli (Dewitte, Koster, De Houwer, & 

Buysse, 2007). Baldwin and colleagues (Baldwin et al., 1993) as well as Mikulincer 

(1998) presented priming sentences like “If I trust my partner my partner will…” 

(this example manipulates the variable trust). Subsequently, a word non-word task 

with attachment related words (representing good or negative outcomes) as 

priming cues was administered. In general, insecure individuals were quicker in 

the negative outcome condition while secure were quicker in the good outcome 

condition. This result can be interpreted as insecure participants expecting less 
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supportive partners in stressful conditions: for them the negative outcome is more 

naturally consequent to angry feelings. 

One of the most widely-used paradigms to study the automatic activation of 

representations is the Implicit Association Task (IAT, Greenwald, McGhee, & 

Schwartz, 1998; Greenwald, Nosek, & Banaji, 2003), which assesses implicit 

dimensions of psychological constructs such as attitudes and stereotypes (for a 

description see the Materials paragraph).  

From the perspective of attachment research, Zayas and Shoda (2005) 

found a relation between Mother-IATs and Partner-IATs and an explicit measure of 

adult attachment (ECR). Low negative correlations were found between the 

Mother-IAT scores, defined as an association between the dichotomies 

“pleasant/unpleasant” and “supportive/rejecting” and the ECR-subscale 

Avoidance. For the Partner-IAT scores, participants were asked to indicate words 

that were highly related and highly unrelated to their partners. These words were 

then used as stimulus words to be classified according to a dichotomy “name of 

the partner/not-name of the partner”. In this case, the correlation with ECR-

Avoidance was negative, but considerably higher. This last finding was consistent 

with Banse and Kowalick’s (2007) comparison between groups of women in 

different stressful conditions. It seems that positive representations of partners 

constitutes a resource for coping in stressful life situations. Dewitte and colleagues 

(Dewitte, De Houwer, & Buysse, 2008, p. 282) used the IAT “as an index of the 

implicit attachment self-concept” and found that self-esteem and relational anxiety 

on the IAT were, in fact, correlated with attachment style, and able to predict 

strategies for successfully managing attachment-related stressful circumstances. 

The aim of the present study is to extend this work on implicit processes related to 

attachment. We hypothesize an effect of attachment styles in shaping the implicit 

representations of caregiving related perceptions. Because of the centrality of 

attachment in affecting individual development, we propose a role of attachment 

dependent schemata in structuring the implicit activation determined by parenting 

behavior. 



50 

 

Attachment and caregiving systems 

The fundamental role of the caregiver in influencing children’s attachment 

behaviors and representations lead to the study of the caregiving behavioral 

system (George & Solomon, 2008). Bowlby (Bowlby, 1969, 1988) proposed the 

existence of a behavioral structure in caregivers which is reciprocal to the 

recipients’ attachment behavior. Parenting entails moving from a position 

characterized by seeking protection and security to one which requires providing 

protection and care. The connection between the two systems is suggested by 

their shared evolutionary aim. In fact, Belsky and colleagues (1991, p. 172) 

proposed a definition of attachment as an evolved psychological mechanism, 

through which the parents’ experiences during childhood and adolescence are 

transmitted “probabilistically” to their offspring, shaping their development and 

reproductive approaches. The strategies (in both behavioral domains and emotion 

regulation) learnt in infancy, constitute an adaptive advantage because they 

promote faster and more specific responses within the EEA. As a consequence, 

such strategies tend to remain relatively stable during the life-span, as confirmed 

by empirical research (Fraley, 2002; See also Raby, Steele, Carlson, & Sroufe, 

2015 for the transmission of infant attachment). Numerous studies support the 

strong correspondence between mothers’ states of the mind with respect to 

attachment and their children’s attachment (van IJzendoorn, 1995a). This 

evidence seems stable and constant in different cultures (Grossmann, Fremmer-

Bombik, Rudolph, & Grossmann, 1988; Hautamäki, Hautamäki, Neuvonen, & 

Maliniemi-Piispanen, 2010; Kazui, Endo, Tanaka, Sakagami, & Suganuma, 2000; 

Sagi et al., 1997) and in different risk populations (Bus & van IJzendoorn, 1997; 

McMahon, Barnett, Kowalenko, & Tennant, 2006; Shlafer, Raby, Lawler, 

Hesemeyer, & Roisman, 2015; Tarabulsy et al., 2005). In Bowlby’s (1969) and 

Ainsworth’s (Ainsworth et al., 1974, 1978) view, the mechanism responsible for 

this transmission should be the so called “maternal sensitivity”, defined as the 

ability of being aware of infants’ signals and to correctly respond to them. The 

effect they hypothesized was that an insecure mother’s attachment lead to a poor 
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maternal sensitivity and in turn to the transmission of mother’s attachment to the 

infant. Unexpectedly, research identified a “transmission gap” (van IJzendoorn & 

Bakermans-Kranenburg, 1997; van IJzendoorn, 1995a, 1995b) because the 

mediating role of maternal sensitivity was significant but modest. Fonagy and 

Target (2005) proposed the mediating function of mothers’ ability to mentalize as a 

necessary factor for creating a secure base environment for their children, as 

empirical research confirmed. (Grienenberger et al., 2005; Slade et al., 2005). 

From a developmental perspective, Meins (Meins et al., 2012; Meins, Fernyhough, 

Fradley, & Tuckey, 2001) proposed that is mothers’ mind-mindedness, i.e. the 

capacity to understand children’s mental states, what enables them to respond to 

the children’s needs adequately. More recently, Bernier and colleagues (Bernier et 

al., 2014) proposed to add the notion of “maternal autonomy support” to describe 

mothers’ ability to enhance children’s confidence in exploring the environment. 

This approach seems to take into account the problem of the transmission gap, 

although further studies are needed to explore underlying social cognition 

processes. Scharf and Mayseless (2011) followed 60 men from adolescence to 

early adulthood and found a continuity between their state of mind with respect to 

attachment in adolescence and the quality of parenting 9 years later. Other studies 

used self-reported attachment measures (Jones, Brett, Ehrlich, Lejuez, & Cassidy, 

2014; Jones et al., 2015a, 2015b) and found that insecurity is associated with 

more negative attitudes toward parenting, which is considered more stressful 

(Nathanson & Manohar, 2012). Secure individuals consider themselves more 

competent and effective in parenting, compared to less secure ones (Caldwell, 

Shaver, Li, & Minzenberg, 2011; Howard, 2010; Kilmann, Vendemia, Parnell, & 

Urbaniak, 2009; Kohlhoff & Barnett, 2013). Anxiety was found to be associated to 

the perception of infants as interfering with parents’ romantic relationship (Rholes 

et al., 2011) and jealousy toward the children (Wilson, Rholes, Simpson, & Tran, 

2007). Parental avoidance is correlated with less optimistic expectations for child 

outcomes (Lench, Quas, & Edelstein, 2006). 

From an evolutionary perspective, intergenerational transmission seems to 

foster the maintenance of strategies which are able to enhance the reproduction of 
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the species (Belsky, 2005), but the emotional and cognitive mediators remain 

unclear. In particular, literature focused primarily on correlational studies, with a 

less intense focus on experimental manipulations. 

 

The present study 

Although there is a growing theoretical interest about the attachment 

transmission gap, few studies focused on the cognitive processes that may affect 

the individual’s relational patterns. The aim of this study was to explore the link 

between adult attachment styles and attitudes towards different caregiving 

behavioral modalities. In particular, we investigated if current adult attachment 

styles make individuals discriminate different ways of caregiving, and if they are 

associated with a preference for a specific caregiving modality. We hypothesize 

that the preference for proximity, avoidance, or resistance in adult relationships 

could predict the attitude toward the perception of a new specific relationship 

(Brumbaugh & Fraley, 2007), like a caregiving one. 

From an evolutionary perspective, the intergenerational transmission 

should foster the maintenance of strategies able to lead to reproduction of the 

species (Belsky, 2005). Therefore, if these strategies experienced by an individual 

led to reproduction, there is no need to change them and they can be transmitted 

to next generations. Then we expect adult attachment styles to shape the adult 

perception of caregiving strategies. 

In order to explore the association between attachment styles and the 

perception of different caregiving modalities, we designed a study to elicit a 

specific caregiving representation in the participants and, then, we assessed the 

attitude to the semantic category “mother”. Our first hypothesis was that the 

activation of a caregiving representation in line with the participants’ attachment 

style would entail a more positive attitude, implying a preference for a strategy that 

is coherent with one’s own attachment style. For example, a participant who uses 

dismissing strategies in his/her adult relationships should show a more positive 
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attitude when he/she is watching a dismissing caregiver than when he/she is 

watching a preoccupied mother and her baby. 

Second, a fundamental question relates to whether the transmission of 

attachment styles is an automatic or implicit process of identification with an 

experienced caregiving modality. Do individuals have “script-like representations 

of secure base experiences” (Waters & Waters, 2006, p. 185) and do they use 

them as basis for comparison in forming attitudes of different situations? In order 

to face this issue we used two different measures of attitude, an implicit one and 

an explicit one. We expect a stronger effect of attachment style on the more 

implicit measure, because of the importance of automatic processes in IWMs. 

Third, in the light of the strong connection between attachment styles and 

emotion regulation strategies, we are interested in linking the perception of 

different caregiving styles to a measure of emotion arousal. The process of 

forming attitudes has also an affective component (Clore & Schnall, 2005; 

Malhotra, 2005; Petty, DeSteno, & Rucker, 2001) so we propose at an explorative 

level an influence of attachment styles on the emotional processes that contribute 

to define a specific attitude toward a caregiving style. More specifically, disgust 

seems to be involved in the process of formation of attitudes, for instance in 

political orientations (Hibbing, Smith, & Alford, 2014; Inbar & Pizarro, 2014). 

Disgust fosters avoidance not only of dangerous or unhealthy situations but also of 

unfair or not convenient conditions (Chapman & Anderson, 2013; Chapman, Kim, 

Susskind, & Anderson, 2009; Tybur, Lieberman, Kurzban, & DeScioli, 2013). The 

evolutionary purpose is to avoid unhealthy or unfamiliar behaviors, so it is possible 

that the same process takes place while an individual is selecting between 

different caregiving behaviors. Magai and colleagues found an effect of attachment 

“Preoccupation” on facial expression of disgust during an emotion elicitation task 

(Magai, Hunziker, Mesias, & Culver, 2000). For exploratory purposes, we want to 

test if this role of disgust can be extended during the perception of caregiving 

modalities. Then we tested whether the expression of disgust during the 

observation of a specific caregiving modality in adults depends on individual’s 

attachment style. A caregiving modality less coherent with participant’s attachment 
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style should elicit more disgust. We are interested in this effect as a first step 

toward a better understanding of the mechanisms to form this kind of attitudes. 

This effect could be part of the process that increases the chances of 

intergenerational transmission of attachment style, influencing the formation of 

attitudes and driving behaviors. Attachment style would be confirmed as crucial in 

the psychophysiological process of discerning between different caregiving 

behaviors and the prominence of low-level information processes in forming these 

attitudes. The attitudes towards caregiving modalities would directly shape the 

emotions expression and regulation: this would suggest an explanation of 

transmission gap in a sort of communication at an implicit level between mother 

and child.  

 

Material and methods 

 

Participants 

Seventy-three Italian undergraduate students participated in exchange for 

course credits at the Psychology Department of the University of Milan-Bicocca. 

The only exclusion criteria was having children. Twenty-five participants (12 

males) were assigned to a preliminary phase; 48 females were assigned to a 

second step of the present study. 

 

Materials 

Experiences in Close Relationship-Revised (ECR-R; Busonera, Martini, 

Zavattini, & Santona, 2014; Fraley, Waller, & Brennan, 2000). The ECR-R is a 

questionnaire used to assess adult romantic attachment style as resulting of two 

orthogonal dimensions: a subscale of anxiety and a subscale of avoidance. High 

scores on the first subscale indicate a tendency to preoccupation, jealousy and 

fear of abandonment, while high scores on the second scale suggest uneasiness 



55 

with intimacy. The questionnaire is largely used to measure individual differences 

in romantic adult attachment styles and shows good psychometric properties both 

for validity and reliability (Fairchild, 2006; Sibley, Fischer, & Liu, 2005). 

Single Target-Implicit Association Task (ST-IAT; Wigboldus, Holland, & 

Van Knippenberg, 2004). The ST-IAT is a version of Implicit Association Task 

(IAT, Greenwald et al., 1998) that measures the level of association between two 

categories characterized by opposite polarities (e.g., pleasant/unpleasant) and a 

single target category (in the present study the category was “mother”). It is a 

computer task developed with Inquisit 4 (Millisecond Software, 2013): participants 

are asked to categorize the words that appear in the center of the screen 

depending on the category they belong to. By pressing different response keys, 

they associate these words to the categories presented on the top part of the 

screen: the left key for the left categories or the right key for the right categories. 

The words can refer to the a polarity (e.g., “wonderful” vs “awful”) or to a target 

category (e.g., “care” or “comfort”). In different trials target category can be 

presented on the right or on the left, that is can be associated with each of the 

opposite polarities (“good”, “bad”). The differences in reaction times between the 

conditions when the category is associated with each of the two polarities 

represent a measure of association between one side of the polarity and the target 

category. In our task the IAT algorithm (Greenwald et al., 2003) produced the 

score of the association between the category “good” and the category “mother”. 

IAT has been shown to have good predictive validity (Greenwald, Poehlman, 

Uhlmann, & Banaji, 2009) and validity of the scoring algorithm (Richetin, 

Costantini, Perugini, & Schönbrodt, 2015). It is one of the most used task to study 

implicit attitudes (Teige-Mocigemba, Klauer, & Sherman, 2010) and it has been 

used also in attachment research (Zayas & Shoda, 2005). The words used in the 

present task are the following. Positive: Marvelous, Superb, Pleasure, Beautiful, 

Joyful, Glorious, Lovely, Wonderful. Negative: Tragic, Horrible, Agony, Painful, 

Terrible, Awful, Humiliate, Nasty. Mother: Care, Attention, Consolation, Support, 

Help, Bond, Comfort. 
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Semantic Differential (SD; Osgood, Suci, & Tannenbaum, 1957). Semantic 

Differential is an explicit measure of attitude. The participant is asked to think to a 

category (in our study “mother”) and to rate 10 bipolar adjective on 7-point Likert 

scales (e.g. “strong/weak”, “good/bad”). It has been recently used to evaluate 

different kinds of parents (Weed & Nicholson, 2015), showing a good discriminant 

ability. 

FaceReader software version 5.0 (FR, Noldus, 2013) automatically 

analyzed facial expressions to detect the six basic emotions described by Ekman 

(1992): happy, sad, angry, surprised, scared, disgusted and a neutral state. The 

software showed a good convergent validity (Den Uyl & Van Kuilenburg, 2005; 

Terzis, Moridis, & Economides, 2012) with the manually coded FACS ratings 

(Ekman & Rosenberg, 1997). FR reduces the time for behavioral coding without 

compromising accuracy and its use in psychological studies is increasing 

(Chentsova-Dutton & Tsai, 2010; He, Boesveldt, de Graaf, & de Wijk, 2014). 

Stimulus materials. Three different videos of mother-infant interactions 

were employed to activate three different representations of caregiving. The 

videos were chosen based on mothers’ Adult Attachment Interview (AAI, George 

et al., 1985) classification, independently obtained. We selected the videos from a 

sample of mother infant free play (with standardized games) used in a previous 

study (Tagini et al., in prep.). The children in the selected videos were females of 

23 months of age. Mothers’ AAI classification was previously assessed and the 

mothers were selected to be one secure, one preoccupied and one dismissing. In 

addition, a further selection criteria was that all ECR-R (which was assessed as 

well) scores of mothers were consistent with their AAI classification. The secure 

mother had low anxiety (less than a standard deviation from the mean) and low 

avoidant scores, the preoccupied one was high in anxiety (more than a standard 

deviation from the mean) and the dismissing one was high on avoidance. After 

watching the three videos, 18 attachment experts (researchers and clinicians) 

answered the following questions for each video: “How much do you consider the 

caregiving behavior of this mother prototypic of a secure/preoccupied/dismissing 

mother? One is not prototypic at all and 7 is very prototypic.” Results confirm that 
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our stimuli has been chosen to be actually able to represent different caregiving 

styles and this association seems to be empirically supported. 

 

Procedure 

This study was carried out in accordance with the recommendations of the 

Declaration oh Helsinki and the approval of the Ethical Committee of University of 

Milano – Bicocca. All subjects gave written informed consent in order to 

participate. 

The first phase of the experiment consisted in evaluating the association 

between measures of attitude and participants’ attachment style. The implicit and 

explicit measures were assessed for a first sample of 25 participants (females = 

14) and subsequently their attachment style was evaluated with the ECR-R. 

Because no significant correlations were found, the presence of an effect of 

attachment style on attitudes during the second phase, could be interpreted a 

consequence of the experimental manipulation. The second phase consisted in a 

new, larger sample of female participants (N = 48), who watched the videos of 

mother-child interactions. In each session, after viewing the mother-child 

interaction video, the participants’ attitude toward the category “mother” was 

measured, by means of both implicit (ST-IAT) and explicit (SD) measures. Thus, 

differences in attitudes could be attributed to having watched the different videos. 

The order of the videos was randomly generated to control learning effects on the 

ST-IAT. Three days was the minimum interval between one condition and the 

subsequent one. The choice to select only female participants was due to the 

characteristics of the videos, that represent mothers playing whit their daughters. 

This could make very difficult to interpret any possible gender difference in the 

data. 

At the end of the first session, each participant was asked to fill out the 

ECR-R. The number of observations (N = 138) is slightly less than the maximum 

possible number (N = 144), because not all participants came three times to 
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perform the task in the three different conditions. Participants who came just once 

were excluded from the analysis (N = 4).  

While participants were watching the videos, their faces were video 

recorded in order to analyze their emotional expressions. 

 

Data-analysis 

We used R software (R Development Core Team, 2013) to analyze data. 

Correlations between the attachment measure and the ST-IAT and SD in the 

condition when no caregiving representation was activated (no video watched) 

were calculated, in order to control the possibility that the attitude toward the 

category “mother” depended on attachment style. 

The effects of the experimental manipulation on ST-IAT and SD was tested 

with Linear Mixed Models (LMMs). This allowed us to test within subjects 

experimental effects, considering attachment measures as covariates, and to 

perform repeated measure analyses, including those participants who were 

evaluated in only two conditions. The fixed effects were attachment style (anxiety 

and avoidance of attachment) and the type of condition (the vision of a video with 

a preoccupied/secure/dismissing mother). The outcome variable was the attitude 

toward the category “mother”, in one model it was the explicit measure (SD), and 

in the other model the implicit one (ST-IAT). We report all significant main effects 

and interactions (up to three way interactions). 

The same predictors were used in a different model, with the Disgust 

measure of FaceReader Software as the outcome variable. Because of the very 

skewed distribution (skewness = 3.27 and kurtosis = 11.97) the outcome measure 

was recoded as a binomial variable (median split), in which 0 indicated a low 

Disgust mean and 1 a high Disgust mean. In this way, we could test a logistic 

mixed regression model, as part of the Generalized Linear Mixed Models 

(GLMMs). 
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LMMs and GLMM were performed in R by using the package “lme4” (D. 

Bates, Mächler, Bolker, & Walker, 2015) and bootstrapping all the confidence 

intervals. Degrees of freedom and p-values for the LMMs were computed via 

Kenward-Roger's approximations (F tests) and Satterthwate's approximations (t-

tests) through the “lmerTest” package (Kuznetsova, Brockhoff, & Christensen, 

2014). The GLMM p values and degrees of freedom for the Chi square tests were 

computed via the likelihood ratio tests through the package “afex” (Singmann et 

al., 2014). Plots were built using the package “ggplot2” (Wickham, 2009). 

 

Results 

Correlation between attachment style and attitude measures without 

manipulation 

The first step was to test the correlation between the two dimensions of 

attachment style (avoidance, anxiety) and the two measures of attitude (ST-IAT, 

and SD), when no representation of caregiving was activated. This analysis was 

performed on the first sample (N = 25) that did not watch any video. The results 

indicate that there was no significant association, both for the ST-IAT (avoidance: r 

= .09; anxiety: r = -.06) and for the SD (avoidance: r = -.13; anxiety: r = -.16). The 

non-significant correlations obtained allowed us to ignore the “baseline” condition 

(no experimental manipulation) in subsequent sample, in which it was therefore 

possible to consider the effect of attachment style as related to the experimental 

manipulation. 

Effects of attachment style and conditions on IAT 

The first LMM model (within-subjects factor: type of conditions; covariates: 

anxiety and avoidance of attachment, centered on the means) showed no effect of 

the predictors (neither main effects nor interaction effects), on the attitude 

measured in an explicit way. The random terms were both intercept (var = 0.11) 

and condition (var = 0.26), because the model with both effects showed a 

significant improvement of fit (ΔBIC = -44.48, χ2(5) = 54.48, p < .001). The same 
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LMM model was performed with the ST-IAT scores as the outcome variable. The 

random term was just the intercept (var = 0.04), because the model with intercept 

and condition effects showed a not significant improvement of fit (ΔBIC = -17.89, 

χ
2(5) = 6.71, p = .24). IAT score was significantly affected by the type of 

Conditions (F(2, 83.20) = 5.83, p < .01) but not by Avoidance (F(1, 42.90) = 0.06, 

p = .80) and Anxiety (F(1, 43.41) = 0.45, p = .51). The three two-ways interaction 

terms were the following: Conditions x Avoidance, F(2, 82.32) = 8.53, p < .001; 

Conditions x Anxiety, F(2, 82.82) = 7.86, p < .001; Avoidance x Anxiety F(1, 42.80) 

= 0.26, p = .61. The three way interaction Condition x Anxiety x Avoidance was 

significant, F(2, 82.22) = 3.85, p < .05, suggesting that the effect of type of 

conditions (one of the three videos) was different for different levels of the two 

attachment style scales. To interpret this interaction we calculated the simple 

slope analysis: on the left panel of Figure 1.1 the effects of Avoidance are shown 

(Anxiety centered on the mean), while on the rigth panel of Figure 1.1 the effects 

of Anxiety are shown (Avoidance centered on the mean). 
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When anxiety is centered on the mean, avoidance has a negative effect on 

implicit attitude after the Secure Video, b = - 0.11, SE = 0.05, t(89.83) = -2.26, p < 

.05, 95% CI [-0.20, -0.004], a positive effect after the Dismissing Video, b = 0.10, 

SE = 0.05, t(90.54) = 2.02, p < .05, 95% CI [0.004, 0.189] and a negative not 

significant effect after the Preoccupied Video, b = -0.02, SE = 0.05, t(90.48) = -

0.37, p = .71, 95% CI [-0.11, 0.81]. 

When avoidance is centered on the mean, anxiety has a negative effect on 

implicit attitude after the Secure Video, b = - 0.10, SE = 0.05, t(92.77) = -2.00, p = 

.05, 95% CI [-0.21, -0.001], a negative not significant effect after the Dismissing 

Figure 1.1 Results of the simple slope analysis of the ST-IAT model: effects of 
attachment styles and conditions. The left panel shows the effects of avoidance 
when Anxiety is centered on the mean, while the right panel refers to anxiety effects 
when Avoidance is centered on the mean. 
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Video, b = -0.07, SE = 0.05, t(90.85) = -1.42, p = .15, 95% CI [-0.17, 0.04] and a 

positive not significant effect after the Preoccupied Video, b = 0.09, SE = 0.05, 

t(90.64) = 1.84, p = .06, 95% CI [-0.0009, 0.01988]. 

To sum up, we found a positive effect of avoidance on IAT after the 

dismissing video and negative effects of both anxiety and avoidance after the 

secure video. 

Effects of attachment style and conditions on emotion expression 

There was no significant association between Disgust variable and the 

explicit or implicit measures of attitude. 

A third model with the same predictors and random effects was performed 

with the FaceReader measure of disgust as dichotomous outcome variable. The 

random term was just the intercept (var = 0.00) because the model with intercept 

and condition effects was not able to converge. The results showed a main effect 

of avoidance (χ2(13) = 4.46, p = .03) and no other significant main or interaction 

effect. The effect is positive, as it can be seen in Figure 1.2 that represents the 

effect of the three different conditions even if no one of them is significant if taken 

singularly. Secure Video: b = 0.43, SE = 0.36, z = 1.19, p = .23, 95% CI [-0.25, 

1.20]; Dismissing Video: b = 0.33, SE = 0.31, z = 1.04, p = .30, 95% CI [-0.27, 

0.99]; Preoccupied Video: b = 0.47, SE = 0.33, z = 1.42, p = .15, 95% CI [-0.14, 

1.16]. 
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Figure 1.2 Results of the simple slope analysis of the Disgust model: effects of 
attachment styles and conditions. 

 

Discussion 

The results of this study confirmed the adequacy of the experimental 

paradigm in activating a specific caregiving representation, and measuring the 

process of forming an attitude. We found a role of adult attachment style in 

shaping the implicit attitude, but non the explicit one, toward the category “mother”. 

The explicit attitude seems not to be influenced neither by the manipulation neither 

by participants’ attachment style. This can be due to social desirability because the 

perception of the category “mother” is highly expected to be always good, or also 

to some kind of inability in being aware of a preference for a relational modality. 

On the contrary, the significance of the implicit attitude model could suggest the 
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importance of the automatic processes of the IWMs. Participants are able to 

compare their relational expectations with the behavior they see in the videos, but 

they process this information in a not conscious way. 

The results of the implicit attitude model are consistent with our 

expectations. In fact both Avoidance and Anxiety have a negative effects on IAT 

scores after the Secure Video (when the other variable is centered on the mean). 

This means that the more insecure a participant, the more negative her attitude 

toward the secure mother. On the contrary, avoidance has a positive effect on IAT 

scores after the Dismissing Video, but no effect after the Preoccupied one. This 

seems consistent with our hypotheses: very avoidant participants tend to prefer 

the Dismissing Video, while we had no predictions of a role of Avoidance on 

implicit attitude after the Preoccupied Video. Anxiety plays a similar role because it 

has a positive marginally significant effect on attitude after the Preoccupied Video 

and a negative not significant effect after the Dismissing Video.  

The link between adult attachment style and the perception of different 

ways of caregiving can contribute to a better understanding of the mechanisms 

underlying the transmission of attachment. Avoidance or seeking of proximity in 

adult attachment seem to impact implicit processes of evaluation of caregiving 

modalities. The continuity between representations of partners and responses in 

new social encounters (Brumbaugh & Fraley, 2007) has a specific feature for what 

concerns caregiving relationships. From an evolutionary perspective, attachment 

schemata are influenced by the caregiving style of the parents. Thus, if an 

individual reaches the goal of reproduction, it is implied that the caregiving 

strategies have succeeded in that specific environment. In this sense it seems 

inexpensive to maintain a continuity between generations. It is consistent with the 

definition of IWMs that they regulate the access to information relevant to 

attachment, and our findings underline that the information relevant for the 

caregiving system is also closely related to attachment styles. 

The explorative hypothesis of the effect of the experimental manipulation 

and attachment style on the facial expression of disgust while participants were 
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watching the different videos was not confirmed. The only significant effect was a 

positive one of avoidance that was also unexpected because Magai and 

colleagues (Magai et al., 2000) found an association between facial expression of 

disgust and “Preoccupation” during an emotion elicitation task. Anyway it seems 

reasonable that a specific kind of human relationship like the mother infant one 

elicits more negative physiological reaction in participant with higher levels of 

avoidance, although this was not our hypothesis. Finally, we found no association 

between disgust and the two measures of attitude, so we can claim that the 

process of forming attitudes is not explained by the elicitation of this specific 

emotion. 

 

Conclusion 

Adult attachment styles seem to play a moderating role on high level 

implicit attitudes toward caregiving but not on explicit attitudes or on low level 

regulation and expression of emotion. These findings underline the fundamental 

role of adult attachment style in predicting attitudes related to the caregiving 

system. Our hypotheses are only partially confirmed because we found a 

correspondence only between attachment styles and the IAT. Anyway, this 

specific result is in line with Bowlby’s statements on the complementarity of the 

caregiving and attachment motivational systems. Furthermore, our study confirms 

his belief in the complexity of the effects involved. In fact, Bowlby (1988) wrote: 

“Parenting behaviour, as I see it, has strong biological roots, which accounts for 

the very strong emotions associated with it; but the detailed form that the 

behaviour takes in each of us turns on our experiences -- experiences during 

childhood especially, experiences during adolescence, experiences before and 

during marriage, and experiences with each individual child.” (p. 5). From a clinical 

point of view, these issues are of great interest since they may contribute to the 

process of the intergenerational transmission of attachment, and the passing on of 

disorders, considering that an insecure attachment style can become a risk factor 

for psychopathology (Mikulincer & Shaver, 2012). It has in fact been associated to 
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internalizing and externalizing problems in adolescence (Sarracino, Presaghi, 

Degni, & Innamorati, 2011) clinical disorders such as depression (Cantazaro & 

Wei, 2010; Roberts, Gotlib, & Kassel, 1996; Santona et al., in press), anxiety 

disorders (Warren, Huston, Egeland, & Sroufe, 1997), and personality disorders 

(Crawford et al., 2007; Meyer & Pilkonis, 2005). 

The limitations of this study must be acknowledged. In fact, research on 

adult attachment reports a “trivial to small” correspondence between adult 

attachment style questionnaires and state of mind with respect to attachment 

(Roisman et al., 2007a). Then a limitation of our study is the use of different 

models of measure between stimuli and participants’ assessment. AAI is indeed 

considered the “gold standard” for adult attachment assessment (Hesse, 2008) 

and differs from adult attachment styles questionnaires because of its implicit 

nature. AAI relies on different processes and measures coherence of mind with 

respect to attachment, which, by definition, differs from the explicit thoughts about 

attachment style. Finally the correspondence between an individual’s attachment 

style and his preference for the matching caregiving modality could however not 

be directly tested, because of the attachment model underlying the measurement 

used, which differed from the stimulus categorization. On one hand the continuous 

measure of attachment is more effective (Fraley, Hudson, Heffernan, & Segal, 

2015), on the other hand led to a more difficult interpretation of the results 

because the videos had to be categorized. 

A future perspective could explore the moderating role of gender in 

evaluating caregiving representations. Although differences in attachment style 

usually do not emerge from studies based on Adult Attachment Interview 

(Bakermans-Kranenburg & van IJzendoorn, 2009a), it seems reasonable that 

males and females could have different attitudes toward caregiving behaviors. In 

an evolutionary view, males tend to be more facultative investors (Del Giudice, 

2009) than females, probably because a low parental investment can be more 

adaptive in order to save resources for additional mating. Thus, regardless of the 

effect of attachment style, we could expected higher levels of positive attitudes 

when representations were activated in females, due to evolutionary differences.  
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Approaching the transmission gap issue, the evidence of the non-linear 

effect of maternal sensitivity in shaping children attachment led to focusing on the 

role of other mediating constructs, such as Reflective Function (Fonagy & Target, 

1997; Slade et al., 2005). This study attempted to investigate, at a more basic 

level, the link between attachment style and caregiving representations and we 

found an effect that may be a starting point for further research and for 

interventions on parenting skills in risk situations. Our results confirm that cognition 

and behavior linked to caregiving rely on automatic processes (Bos, Hermans, 

Montoya, Ramsey, & van Honk, 2010; Bowlby, 1969; Riem, Bakermans-

Kranenburg, et al., 2011; Soltis, 2004; J E Swain et al., 2014). In this regard, a key 

research area may be the study of the maternal representations, in order to 

understand how this caregiving attitude emerge and develop in pregnancy and 

early motherhood (Innamorati, Sarracino, & Dazzi, 2010; Stern, 1995a). It seems 

that every kind of intervention should face these implicit processes that do not 

reach a conscious level of elaboration. Finally, the results may be relevant to 

psychotherapy, considering that the interconnection between representations and 

the perception of relational contexts is a key concept in those contexts that focus 

on pointing out specific non-adaptive representations and reflecting on which 

specific environment allowed its development. 
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Introduction 

Adults’ reaction to infants’ stimuli are specific and different from adults’ in 

the neurophysiological domain (Esposito, Valenzi, Islam, Mash, & Bornstein, 2015; 

Kringelbach et al., 2008; Piallini et al., 2015; J E Swain et al., 2014; Young et al., 

2015) and in the behavioral one (Bakermans-Kranenburg, van IJzendoorn, Riem, 

Tops, & Alink, 2012; Brosch, Sander, & Scherer, 2007; Frodi, Lamb, Leavitt, & 

Donovan, 1978; Out, Pieper, Bakermans-Kranenburg, & Van IJzendoorn, 2010). In 

facts, infants’ signals are essential in communicating infants’ needs and eliciting 

caregiving reactions in adults (Ainsworth et al., 1974; Bowlby, 1969; Soltis, 2004). 

In particular cry and facial expression represent the most powerful ways infants 

possess to communicate their states and interact with adults. Parents’ ability to 

properly recognize and respond to these signals is crucial for infants’ normal 

development (Bowlby, 1969; Klein Velderman, Bakermans-Kranenburg, Juffer, & 

van IJzendoorn, 2006; Van Zeijl et al., 2006), in particular for learning the ability to 

regulate emotions by themselves (Fonagy et al., 2002). In this paper we focus on 

the perception of different infants’ emotional expression in nulliparous women and 

their effect on approach/avoidance behavior toward the stimulus. Aim of the study 

is to comprehend how infants expressions affect adults’ reaction and behavioral 

response, in terms of predisposition to action. It is well known the aversive effect 

of infant cry that is associated to physiological arousal (Frodi et al., 1978; Groh & 

Roisman, 2009; Groh et al., 2015; Out et al., 2010) that elicits quicker responses 

(Del Vecchio, Walter, & O’Leary, 2009). In extreme cases, crying can also be 

considered a trigger of abuse and neglect (Barr, Trent, & Cross, 2006; Compier-de 

Block et al., 2015; Soltis, 2004). To our knowledge no study specifically focused 

on the role of infants’ emotional expressions in shaping behavioral responses or 

predispositions to action, but fruitful hints can come especially from 

neurophysiological evidences. Brain activation during the perception of different 

expressions on baby faces has been studied both in parents and not parents. 

Strathearn and colleagues (Strathearn, Li, Fonagy, & Montague, 2008) found that 

only own-babies emotional expressions, and the happy one in particular, were 

associated to the activation of the dopaminergic circuits. This means that own 
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infant’s smile is considered a reinforcement for mother’s behavior and her 

caregiving ability as well. In nulliparous females Montoya and colleagues (Montoya 

et al., 2012) found that happy infants vs sad infants were more rewarding 

(activation of ventral striatum, caudate, ventromedial prefrontal and orbitofrontal 

cortices), while sad vs happy infants elicit more emphatic processes (precuneus, 

cuneus and posterior cingulate cortex). This could suggest that happy faces, 

because of the more rewarding features, can be considered a prompt to approach 

the infant, while the sad face, could be considered more aversive as infant cry. 

Actually, the aversive characteristic could be responsible for an avoidance 

predisposition that makes more urgent the caregiving behavior in order to stop the 

expression of infant distress. 

Adults emotions have different functions because they are action 

dispositions and have a clear evolutionary function (Bradley, Codispoti, Cuthbert, 

& Lang, 2001; Lang, Bradley, & Cuthbert, 1998): when a stimulus is presented, 

different emotions can trigger approach or avoidance depending on the salience 

and the valence of the stimulus. Valence of the stimulus seems to be automatically 

evaluated, in order to provide a quick and adaptive response. Thus, the perception 

of emotion expression can be interpreted as a cue to understand motivation in 

others and elicit different behavioral response. This effect is often studied by 

means of manual approach-avoidance task: participants are asked to approach or 

distance emotional faces presented on the screen through pulling or pushing a 

lever (Marsh, Ambady, & Kleck, 2005; Roelofs, Elzinga, & Rotteveel, 2005; Seidel, 

Habel, Kirschner, Gur, & Derntl, 2010). Results consistently show that happiness, 

sadness and fear were associated with approach while anger was associated with 

avoidance. This confirms the role of anger expressions as a threat signal, while 

the other emotions as affiliative signals. In the case of infants’ emotion 

expressions, smiles have a clear function of reinforcement of caregiving behaviors 

and bonding, while cry/sad faces have the role of enabling caregiving behaviors, 

through aversive signals of distress. 

In addition, we test the role of participants’ childhood experiences in 

moderating the effect of preference for approach or avoidance dispositions toward 
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different emotions. Adults with histories of maltreatment have deficits in 

recognizing certain emotions (Ardizzi et al., 2015) and childhood abuse is 

associated with bias to threat in children (Pine et al., 2005) and in adults (Fani, 

Bradley-Davino, Ressler, & McClure-Tone, 2011). In fact, striking evidences depict 

the role of experiences of care during childhood in shaping parenting related 

processes (Bakermans-Kranenburg et al., 2012; Bhandari, Bakermans-

Kranenburg, et al., 2014; Bhandari, van der Veen, et al., 2014; Kim et al., 2010a; 

Kim, Ho, Evans, Liberzon, & Swain, 2015; Strathearn et al., 2009) and the 

intergenerational transmission of parenting (Conger et al., 2009; Lomanowska et 

al., 2015; Neppl et al., 2009; Scaramella, Neppl, Ontai, & Conger, 2008). More 

specifically, the effects of childhood experiences on infants’ faces perception is 

reported by Bhandari and colleagues in two different studies: the first shows the 

higher rating of infant happy faces of participants with higher scores of 

maltreatment and how this association is explained by higher levels of 

endogenous oxytocin (Bhandari, Bakermans-Kranenburg, et al., 2014). The 

second study presents the moderating role of childhood maltreatment on the effect 

of oxytocin administration on memory for infant cues: only participants with higher 

scores of maltreatment showed a decrement in their ability of memorize child 

emotional characteristics after oxytocin administration (Bhandari, van der Veen, et 

al., 2014). In parents, Strathearn and colleagues (Strathearn et al., 2009) 

assessed participants’ adult attachment representations and brain activation 

during the presentation of faces of their own or unfamiliar infants with different 

emotion expressions. Even if they did not directly assessed childhood 

experiences, adult state of mind with respect to attachment is clearly influenced by 

childhood rearing experiences (Main et al., 1985). Results show that secure 

mothers during the perception of their own infant’s sad face continues to activate 

rewarding regions, while insecure/dismissing mothers’ activation is associated with 

feeling of unfairness and pain. In secure mothers, infant cues are an important 

signal of “incentive salience” that reinforce maternal care. On the contrary, the 

greater activation of dorsolateral prefrontal cortex in insecure-dismissing mothers 

suggests the need of a cognitive control on the affective response and anterior 

insula is interpreted as the signal of a norm violation. Thus, insecure mothers are 
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probably more likely to perceive their own sad infant as a violation of an expected 

state and avoid or reject negative infant cues. Finally, Kim and colleagues (Kim, 

Fonagy, Allen, & Strathearn, 2014) found that mothers with unresolved traumas 

show a decreased amygdala response when they perceive their own infant in the 

sad versus happy condition, suggesting more disengagement from infant distress. 

In sum, this study is aimed at studying the approach and avoidance 

dispositions to action in adults in response to different infant expressions. We 

hypothesize that for participants will be easier, because more coherent with their 

expectations, when they will be asked to approach infants with positive expression 

and avoid infants with negative expressions. Moreover we expect this association 

to be stronger in participants with higher scores of childhood maltreatment. In 

order to test this effects we developed a joystick task and we use it in three 

different studies. In study one we test our task and the main hypotheses, in study 

two and three we use the same task and we add different moderators: a mood 

manipulation and the inhibition of a specific neural process by means of 

Transcranic Magnetic Simulation (TMS). 

 

Study One: Approach and Avoidant behaviors in response to 

infants faces 

In study One we developed the task and tested the fundamental hypothesis 

of approach or avoidance towards different emotions. The paradigm is adapted 

from Rinck and colleagues (Heuer, Rinck, & Becker, 2007; Rinck & Becker, 2007) 

and is based on the Approach-Avoidance Task (AAT). Behavioral overt response 

to different stimuli has been found to be associated to arm movements since a 

long time (M. Chen & Bargh, 1999; Solarz, 1960) and it has been used with 

emotional faces firstly by Marsh and colleagues (Marsh et al., 2005). Approach 

was represented by pulling a joystick toward self and avoidance by pushing it 

away from self. Rinck and Becker (2007) found that this simple association can be 

biased because participants can consider that they move their hand toward the 

stimulus when they want to grab it. Thus, they proposed a zoom feature of the task 
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which means that when the joystick is pulled the face stimulus becomes bigger 

simulating it is coming closer to the participant and on the contrary becomes 

smaller when the lever is pushed simulating that it is moving away. Thus, our 

paradigm uses four different kinds of infant expressions: smiling, crying, neutral 

and sleepy. The sleepy infant is a specific infant characteristic because represents 

a non-positive expression but does not require the intervention of adults, meaning 

that there is no infant signal of need, contrary to the crying baby. We aimed at 

designing an implicit task, then we proposed to the participants two different 

conditions in randomized order: pulling or pushing when the infant face had a red 

mark on the forehead or not. Participants are asked to differentiate their answers 

depending on the presence of the red dot on stimuli: infants’ expression are not 

even mentioned. Then we considered the reaction times in completing the 

movement of the joystick as an implicit measure of the congruency (or not) of the 

task for the participants: we expect RTs to be quicker when a participant is asked 

to approach (vs avoid) a happy face or to avoid (vs approach) a sad (crying) and 

sleepy face. No effect is expected for neutral faces. As previously mentioned a 

moderating role of childhood experience is expected. Bias to threat is 

characteristic of maltreated individuals  and we hypothesize that this should lead 

to overestimations of the threat represented by sad infants. Therefore we 

hypothesize shorter reaction times in participants with higher scores of 

maltreatment. 

 

Method 

 

Participants 

63 female undergraduate students from the Bicocca University of Milan 

participated in the study in exchange for credits. The study was carried out in 

accordance with the recommendations of the Declaration oh Helsinki and the 

approval of the Ethical Committee of University of Milano – Bicocca. All subjects 

gave written informed consent in order to participate. 
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Materials and procedure: 

In a preliminary phase the stimuli to build the task were validated. A pool of 

XX images were collected from the internet representing infants of four different 

categories: smiling, sad (crying), sleepy and neutral. Each face was put on a 

neutral grey wallpaper. Luminosity and size (50x50 pixels) of the pictures was 

controlled. Then this pool of pictures was presented to 30 students (18 females) 

and they were asked to categorize each of them in one of the four labels 

previously described. Then they were asked to evaluate each picture from one to 

seven answering these questions: “How much do you like this picture?”, “How 

much do you think this infant needs help?” and “How difficult this picture is to 

perceive?”. Finally they had to hypothesize if each infant was a male or a female 

and his age in months. Then we selected pictures that had at least 80% 

agreement on the emotion expressed between all the participants. Moreover the 

infants had not to be considered older than 24 months by at least 80% of the 

participants. We selected the first five pictures of each category with the highest 

agreement. Thus we obtained a pool of 20 pictures to be used in the task. As 

expected the happy faces were happier than all the others and the sad ones the 

least, while neutral and sleepy were in between. On the contrary the most needy 

of help were the sad ones and the happy ones the least. For the liking evaluation, 

no outliers were found in respect to the other pictures of the category. No picture 

was considered difficult to perceive (mean rating at least 2.5). All the pictures were 

duplicated and in one for each couple a red dot was added on infants’ forehead. 

We wrote our task in Matlab, using the Psychophysics Toolbox extensions 

(Brainard, 1997; Kleiner et al., 2007; Pelli, 1997). The participant was asked to sit 

comfortably in front of a computer with a joystick easy to grab with her dominant 

hand. The distance between the participant and the joystick ensured that the 

joystick motion was directed toward or away from the body. The task was initiated 

by the participant bending the joystick on her left. The task is made of two block in 

a randomized order between participants. In one block participants were instructed 
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to push the joystick away from themselves when they see a red dot on infants’ 

forehead and to pull the joystick toward themselves when they did not see a red 

dot on infants’ forehead. On the contrary in the other block participants were 

instructed to pull the joystick towards themselves when they see a red dot on 

infants’ forehead and to push the joystick away from themselves when they did not 

see a red dot on infants’ forehead. Before the real task a training phase was 

proposed in each block, so that participants could practice to be sure that the task 

was properly comprised. In this phase, made of 4 trials, participants were 

presented an adult face and feedback was given on each trial if the task was 

comprised or not. Between the two blocks a short break was presented and the 

participants could decide how long to wait before to start by herself the second 

block by moving the joystick on the left. The instructions asked participants to try 

to be as correct and as quick as possible in moving the joystick in one or the other 

direction. He was asked to watch the center of the screen all the time the pictures 

or a small black cross in between the pictures. After each joystick movement the 

participant had to take the joystick in the beginning position and the procedure was 

stopped until the joystick wasn’t in the position. Each block was made of 40 trials. 

Each trial (Figure 2.1) was composed of a starting phase with the presentation of 

the cross in the center of the screen for 500 ms, then a picture of medium size 

apperared in a randomized order. At this point the participant can push or pull the 

joystick and consequently picture change in size, giving the impression that the 

picture is pulled toward self (i.e. becomes bigger) or pushed away (i.e. becomes 

smaller). When the image size reaches the screen size (when bigger) or became 

20x20 pixels (when smaller) the picture stops changing size until the joystick 

movement is completed (approximately 30°) when the picture disappears. Then 

participants have to move back the joystick in the back upright position while on 

the screen appears the black cross. Until the starting position is not reached the 

subsequent image is not presented. The picture disappeared independently from 

the correct or wrong participants’ answer. Reaction time are measured from the 

appearance of the picture on the screen to its disappearance. 
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Participants were recruited through announcements in the university and 

prior to participation was requested to fill online Italian version of the Childhood 

Trauma Questionnaire Short Form (Bernstein et al., 1994, 2003a). CTQ-SF is a 

measure of experiences of childhood abuse. Twenty-eight items were presented to 

assess experiences of physical abuse, emotional abuse, sexual abuse, physical 

neglect, and emotional neglect. Each item (e.g., “During my childhood I felt hated 

by family”) was rated on a 5-point Likert scale ranging from never true to very often 

true. In the current study we focused on the abuse subscales since they were 

expected to affect reactivity to infants with different temperaments. Therefore, an 

abuse scale was created (alpha = .78) by averaging the items tapping into the 

physical abuse, emotional abuse, and sexual abuse dimensions. 

After the online questionnaire participants were contacted and laboratory 

meeting was arranged to perform the Approach Avoidance Task. 

 

 

 

Figure 2.1. Schematic explanation of the Approach Avoidance Task as modified for 
the present study. 
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Results and discussion:  

A linear mixed model was designed to test differences in reaction time 

when the task asked the participant to approach versus to avoidant the baby faces 

with or without the red dot on the forehead. The model was completely within 

subjects, and tested the fixed effects of the kind of infant expression of the stimuli 

and the condition, the request to approach or avoidance the joystick. The random 

term consisted in the intercept (var = 0.23) and the condition effects, because 

when the type of emotion was added to the model, it could not converge. Results 

showed the non-significant main effect of the type of infant expression (F(3, 

6605.3) = 1.21, p = .30) and the significant main effect of the condition: approach 

or avoidance (F(1, 63.9) = 10.62, p = .002). The interaction effect was not 

significant as well (F(3, 6425.6) = 1.14, p = .33). In order to comprehend the main 

effect of condition we explored which of the infants’ emotion showed a significant 

difference between the approaching and avoidance conditions. Therefore four 

linear mixed models were performed, on for each emotion. No effect was found for 

the happy face (F(1, 1764.5) = 2.23, p = .13) and the neutral face (F(1, 1371.5) = 

1.44, p = .23). On the contrary, a significant difference in reaction time was found 

for tired (F(1, 1764.5) = 4.09, p = .04) and upset/sad pictures (F(1, 1621.9) = -

3.85, p < .001): participants were slower when they were asked to approach these 

pictures compared to the avoidance behavior. Results are shown in Figure 2.2. 

This effect seems to confirm the hypothesis of a bias to threat emerging during the 

perception of negative emotions also in children. The Tired face is something in 

between and we found an effect but not strong. However, it is important to show 

that the bias in behavioral response depends probably on the level of negativity of 

the stimulus. 

To test the association between childhood maltreatment and current bias to 

threat in adulthood towards infant faces, we tested the correlations between a 

CTQ derived scale of abuse and RT differences (approach minus avoidance) for 

each infants’ expression. As expected, we found a significant correlation between 

abuse measure and the differences in RTs (approach-avoidance) for the upset/sad 

infants’ faces, r = .33, p = .008. The others correlations between abuse and 
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differences in latency for the other expressions were not significant (upset/sad 

face, r = .01, p = .90, happy, r = .09, p = .46, neutral, r = .11, p = .44). These 

results strongly support the evidence of a role of childhood maltreatment in 

affecting the behavioral response to infants’ negative emotions. The more sever 

the maltreatment received, the more sad infants are perceived as something not to 

approach. 

 

 

Figure 2.2. Reaction times for approach and avoidance behaviors in response to 
different infants’ emotions. Error-bars represent standard error of the means. 
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Study Two: emotional context and behavioral response to infant 

faces 

Mood dysregulation has a negative effect on parenting as showed by the 

studies on the disruptive effects of postpartum depression on maternal sensitivity 

and parenting behaviors (Field, 2010; Forman et al., 2007; Paulson, Dauber, & 

Leiferman, 2006; Santona et al., 2015). Far from the clinical complexity of these 

conditions, this study aims at exploring the effects of a mood manipulation on the 

approach avoidance disposition to action towards positive or negative infants’ 

emotions. Literature shows the presence of biased memory processes favoring 

negative information recall in sad mood and favoring positive information in happy 

mood (Matt, Vázquez, & Campbell, 1992). This kind of memory bias is 

characteristic of depression and biases are (Mathews & MacLeod, 2005) more 

pronounced as consequence of a negative priming (Jeanne, Gross, Persons, & 

Hahn, 1998). In our knowledge no study assessed the effects of mood 

manipulation on approach avoidance using infants faces stimuli, and only one 

used adult emotional faces. Vrijsen and colleagues (Vrijsen, van Oostrom, 

Speckens, Becker, & Rinck, 2013) used video fragments to induce the mood 

manipulation and found no effects on the Approach Avoidance Task on the overall 

population but just on a subsample with highest depressive symptomatology 

scores. In these participants authors found mood-congruent and mood-

incongruent behavioral tendencies and suggest that depression scores seem more 

relevant than mood manipulation. 

We designed a within subject study with two laboratory visits in subsequent 

weeks on the same weekday. Participants were asked to think to one of the most 

sad/happy event in their lives and to write it on a paper. Then a simpler version of 

the AAT describe in study one was performed. We hypothesize a pejorative effect 

of negative manipulation meaning that participants in the negative mood condition 

are even quicker in avoiding the sad infant. On the contrary, we expect an 

ameliorative protective effect of positive manipulation both on the approach of 

happy and sad infant stimuli. Finally, we expect childhood maltreatment scores to 
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be associated to a more pronounced negative effect of the negative mood 

induction. 

 

Method 

 

Participants 

In a preliminary stage, 220 students (173 females) filled out the CTQ-SF 

during lecture time. Then a subsample of 42 females were contacted and 

participated in the study in exchange for credits. Participants selection was semi-

randomized in order to obtain a distribution of maltreatment scores less skewed 

than the overall sample one. The study was carried out in accordance with the 

recommendations of the Declaration oh Helsinki and the approval of the Ethical 

Committee of University of Milano – Bicocca. All subjects gave written informed 

consent in order to participate. 

 

Materials and procedure: 

Participants were contacted and two appointments were arranged in two 

consecutive weeks in the same weekday approximately at the same time. The 

order of the mood manipulation was randomized between subjects. After 

participant arrived in the laboratory, she was asked to sit comfortably at the table 

and to wait for a moment for the experimenter. After one or two minutes, the 

consent form was given to the participants to read and sign it. Then participants 

were instructed on the procedure and the paper with the instruction for the 

manipulation was given to her. The instructions were: “Dear Student, this research 

aims at studying the ability to remember past events. We ask you to try to 

remember an episode of your recent life when you felt particularly HAPPY/SAD. It 

has not to be an “important” event and it has not to be a long episode. The only 

important thing is that you felt HAPPY/SAD. In the blank space below we ask you 
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to briefly describe the situation, what happened and what you felt.” Participants 

were told they could take all the time they needed and to tell the experimenter 

when they thought they finished. After that a quicker version of the AAT presented 

in the previous study was performed. The only difference was that in this task only 

happy and sad infants’ faces were presented for a total of 25 trials for each of the 

two blocks. After a questionnaire on the emotional state was given to the 

participant (Positive And Negative Affective Scale (PANAS) Watson, Clark, & 

Tellegen, 1988). Finally the experimenter check with the participant the next 

appointment or debrief her depending if the current session was the first or the 

second. PANAS was used as a manipulation check and after all the procedure two 

judges blind to the study rated each episode described by the participant on a 

Likert scale from 1 (poor emotional episode) to 7 (highly emotional episode). 

 

Results and discussion:  

To test the effect of the mood manipulation on the behavioral response to 

emotional infants’ expressions we calculated the mean latency of approach and 

avoidance for each condition. Then we subtracted the avoidance latency from the 

approach latency and we used this composite score as dependent variable in our 

model. We computed this new variable in order to decrease the number of factors 

in the model and offer an easies interpretation of the effects. A score above 0 

means that the avoidance latency was lower than the approach latency, and vice 

versa a score below 0 meant a quicker approach compared to avoidance. We built 

a linear mixed model with random intercept and mood manipulation and infants’ 

emotion expression as fixed factors. Results (presented in Figure 2.3) show not 

significant main effects of emotion expression (F(1, 129.35) = 1.16, p = .28) and of 

manipulation (F(1, 133.73) = 0.002, p = .96), but a significant interaction effect of 

the two factors, F(1, 129.35) = 4.62, p = .03. This means that the effect of mood 

manipulation is different across the face expressions of emotions. Then we tested 

the differences between pair of conditions. We found significant differences 

between RT in response to the Upset/sad face following the sad mood 

manipulation and the response to the same face in the happy mood manipulation, 
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b = 0.04, SE = 0.02, t(42.91) = 2.51, p = .02. The difference between the response 

to the upset/sad face and the happy face, both in the happy mood manipulation is 

not significant but show an interesting tendency, b = 0.07, SE = 0.04, t(86.00) = 

1.85, p = .067. No other level showed significant differences. We have also tested 

the each condition for a statistical difference from zero, which is the cut-off to 

discriminated between the preference for the avoidance or the approach behavior. 

The happy expression was easier to approach in the happy mood manipulation (M 

= 0.03, t(44) = 2.38, p = .02), as well as the upset/sad face in the sad mood 

manipulation (M = 0.06, t(42) = 4.09, p < .001). The others conditions showed no 

preferences between approach and avoidance (all ps > .45). These results show 

that bias to threat is susceptible to manipulation of the emotional context. The 

happy mood buffers the bias toward the upset/sad face that seems augmented by 

the sad mood manipulation. An unexpected result is the positive score of the 

happy face in the happy mood manipulation. This effect can be better understood 

in light of the abuse effect we tested through correlations with the RTs. In fact, 

correlations show that there is a positive association between the response to the 

happy face in the happy mood manipulation and the abuse scores, r = .29, p = .05. 

No one of the others RTs scores is associated with the abuse measure (all ps > 

.35). Therefore the effects can be probably explained with the high presence of 

maltreatment scores in the selected sample that drives the effect. It seems that the 

more maltreated you are, the more a positive mood manipulation has a non-

intuitive effect of avoidance of happy faces. This support a perspective of 

maltreatment associated to emotion dysregulation in adulthood and consequently 

also higher risk of mental disorder. Happy emotions cannot be tolerated and are 

avoided, probably because of a strong fear of being overwhelmed by emotions 

itself. 
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Figure 2.3. Differences in average reaction times (Approach Latency minus 
Avoidance Latency) for the Happy and Upset/Sad Faces. Left panel shows 
the effects of happy mood manipulation, while the right panel represents 
the sad mood manipulation. Error-bars represent standard errors of the 
mean. 
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Study Three: right Inferior Frontal Gyrus in moderates the bias to 

threat effect towards infants’ emotional faces 

In study three we aimed at studying the underlying process of the 

association between perception of infants’ emotion and abuse. To do this, we 

designed a study to test the specific causal role of right Inferior Frontal Gyrus 

(rIFG) in determining the association between sad infant and avoidance arm 

movement. Montoya and colleagues (2012) found rIFG to be activated by infants’ 

sad faces (both versus neutral face and versus happy face) and they interpret it as 

part of an empathic network. In fact, rIFG is associated in literature with emotional 

(and not “cognitive”) empathy circuits in the brain (Shamay-Tsoory, Aharon-Peretz, 

& Perry, 2009). This area seems to play a role in mirror like processes (Kilner, 

Neal, Weiskopf, Friston, & Frith, 2009; Rizzolatti & Sinigaglia, 2010) that support 

the embodied simulation hypothesis (Gallese & Sinigaglia, 2011). We hypothesize 

that this empathic process is responsible for the bias in avoiding sad faces 

because allows a quicker process of these negative stimuli. Then we used 

Transcranic Magnetic Stimulation (TMS) to inhibit the functioning of rIFG and we 

expect it to have an effect on decreasing the bias in avoiding sad faces found in 

Study One and Two. Moreover we know that maltreatment experiences have a 

role in moderating the neurophysiological correlates of parenting (for reviews see 

Chapter 5 or Lomanowska et al., 2015). We do not have sufficient previous 

evidences to make a specific hypothesis on this specific area, but in an explorative 

way we suggest that IFG could be more relevant in participants with lower scores 

of childhood maltreatment. This study is part of a bigger project (cfr Chapter 4) on 

the role of rIFG in the perception of infants signals, in particular infant crying. 

 

Method 

Participants 

From the same preliminary sample of Study Two a subsample of 12 

females was contacted and participated in the study in exchange for credits. 

Participants selection was not randomized in order to obtain a not too skewed 
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distribution of abuse scores. This because the low number of participants required 

the selection of two groups with high (more than a standard deviation above the 

mean) and low (less than a standard deviation below the mean) scores. Moreover 

all participants were screened for TMS eligibility with these exclusion criteria: no 

left-handed as assessed by a standard test (Oldfield 1971); no neurological 

problems and history of seizures as assessed by a specific questionnaire (Rossi et 

al., 2011) to evaluate compatibility with TMS; no medications that could interfere 

with neuronal excitability. The study was carried out in accordance with the 

recommendations of the Declaration oh Helsinki and the approval of the Ethical 

Committee of University of Milano – Bicocca. All subjects gave written informed 

consent in order to participate. 

 

Materials and procedure: 

We designed a mixed design based on two laboratory visits of the 

participants. In each session, participants are firstly screened for TMS 

contraindications. Then she’s asked to sit comfortably on the chair and 

neuronavigation and stimulation are performed (the stimulation site is randomly 

assigned, rIFG (target area) or Vertex (control)). After the stimulation the 

participant performs the same version of the AAT used in Study Two. In the 

second visit the second stimulation (rIFG or Vertex) is performed followed by the 

same task. 

 

Repetitive Transcranic Magnetic Stimulation (rTMS) 

rTMS was administered over the right Inferior Frontal Gyrus by means of a 

Magstim Rapid machine (Magstim Co Ltd, Whitland, UK) with a 70 mm butterfly 

coil. A fixed intensity of 60% of the maximum stimulator output was used, in line 

with prior studies (Campana, Cowey, Casco, Oudsen, & Walsh, 2007a; Ferrari et 

al., 2014). The right Inferior Frontal Gyrus was targeted in light of previous 

evidence pointing to a right lateralized processing of emotional infant faces 
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(Montoya et al., 2012). rIFG was localized by means of stereotaxic navigation on 

individual estimated magnetic resonance images (MRI) obtained through a 3D 

warping procedure fitting a high-resolution MRI template with the participant's 

scalp model and craniometric points (Softaxic, EMS, Bologna, Italy). Talairach 

coordinates for this site (x= 46, y= 14 z= 1) were obtained from a previous fMRI 

study investigating neural correlates of processing of infant cry in Riem et al., 

2011. The Vertex, corresponding to the median point of the nasion–inion line, was 

used as a control area. For each of the sites stimulated, 900 pulses were applied 

at a frequency of 1 Hz (train duration 15 min). Previous studies have shown that 

rTMS ay 1 Hz temporarily reduces the excitability of the stimulated cortex for a 

time window that outlasts the period of stimulation (R. Chen et al., 1997a; Oliveri, 

Koch, Torriero, & Caltagirone, 2005a) 

 

Results and discussion:  

To test the effects of TMS stimulation on the approach avoidance behavior 

in response to different emotional infants faces we used a procedure similar to the 

second study one. Differences in latencies were computed and confronted 

between them and against zero. We built a linear mixed model with random 

intercept and mood manipulation and infants’ emotion expression as fixed factors. 

Results (presented in Figure 2.4) show not significant main effects of emotion 

expression (F(2, 55) = 0.48, p = .62) and of tms stimulation (F(1, 44) = 0.36, p = 

.54), but a significant interaction effect of the two factors, F(1, 44) = 6.62, p = .01. 

This means that the effect of mood manipulation is different across the face 

expressions of emotions. Then we tested the differences between pair of 

conditions. We found significant differences between RT in response to the 

Upset/sad and the happy face response following the vertex stimulation, b = 0.06, 

SE = 0.03, t(22) = 2.14, p = .04. Moreover a slightly significant effect of TMS on 

the response to the happy faces is found, b = -0.06, SE = 0.03, t(22) = -1.93, p = 

.067. We have also tested the each condition for a statistical difference from zero, 

which is the cut-off to discriminated between the preference for the avoidance or 

the approach behavior. The happy expression was easier to approach after the 
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rIFG stimulation (M = 0.06, t(11) = 4.35, p = .001), but not after the vertex 

stimulation (M = 0.06, t(11) = 4.35, p = .001). face in the sad mood manipulation 

(M = -0.002, t(11) = -0.06, p = .93). The sad expression was easier to approach 

after the vertex stimulation (M = 0.06, t(11) = 5.33, p < .001), but not after the rIFG 

stimulation (M = 0.03, t(11) = 1.50, p = .16). Finally, a strong negative correlation 

between the effect of rIFG stimulation on the response to the happy faces and the 

abuse score was found, r = -.67, p = .02. All the others latency scores were not 

associated to abuse. 

These results confirm the causal role of rIFG in determining the behavioral 

response to emotional infant faces. In particular, TMS seems to buffer the bias to 

threat effect on responding to sad infants’ faces. This is probably due to the 

inhibition of an empathic process that allows a quicker processing of the emotional 

stimuli during the approach behavior. The effect of the TMS induced bias in 

avoiding happy faces was unexpected, but we can hypothesize that the inhibition 

of emotional empathy can disrupt the rewarding value of happy children faces. 

This is intriguing in particular because highlights the primary role of empathy and 

mirror system in selecting the behavior in response to stimuli connected to the 

parenting functioning. Moreover, this bias in responding to happy faces is strongly 

negatively correlated to abuse scores. This effect is partially consistent with our 

hypothesis of a diminished role of rIFG in processing emotional stimuli for 

maltreated individuals. The rIFG stimulation is less effective in enabling this bias in 

more abused individuals, suggesting that they rely less on processing positively 

valenced stimuli compared to non-maltreated adults. We can also interpret this 

happy face bias effect as a form of emotional dysregulation caused by the TMS 

stimulation. In fact, the effect of favoring a bias in happy faces responses is similar 

to the one found in study two and caused by the positive mood manipulation. 

Consistently, the correlations with abuse scores were differing: positive for the 

mood manipulation and negative for the TMS effect. The same dysregulated 

behavioral response was caused by different processes. In study two, a 

dysfunctional emotional processing was probably due to higher emotion 

dysregulation in abused participants. In study three, the inhibition of an area 
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involved in empathy processing led to emotional dysregulation, stronger in non-

maltreated adults because they probably rely more on empathy process of positive 

children stimuli. 

 

 

Figure 2.4. Differences in average reaction times (Approach Latency minus 
Avoidance Latency) for the Happy and Upset/Sad Faces. Left panel shows 
the effects of the target stimulation of rIFG, while the right panel represents 
vertex stimulation. Error-bars represent standard errors of the mean. 



90 

General Discussion 

In this paper we studied the perception of different infants’ emotional 

expression in nulliparous women and their effect on approach/avoidance behavior. 

Aim of the study was to comprehend how infants expressions affect adults’ 

reaction and behavioral response, in terms of predisposition to action. Moreover 

we hypothesized an association between behavioral responses and individuals’ 

history of abuse during childhood. In the first study, we present the joystick task 

and we show the bias to threat effect of sad faces perception, heightened in 

maltreated adults. In the second study, we took into account the emotional context 

of the task: the negative mood manipulation was consistent with the bias to threat 

effect of sad faces, while the positive manipulation buffered the sad faces bias, but 

unexpectedly determined a bias in responding to happy faces. The latter bias was 

correlated with participants’ abuse scores, suggesting that abused adults could be 

dysregulated when experiencing exaggerated positive emotions. The last study 

confirmed the hypothesis of the role of rIFG in causing the sad faces bias. In fact 

TMS stimulation buffered the bias effect on sad faces but produced a new one in 

response to happy faces. The size of this bias was associated to participants’ 

abuse score. We proposed that rIFG inhibition was responsible of a form of 

dysregulation of the response to positive emotions, but smaller in maltreated 

participants, because they rely less on empathy when processing happy stimuli.  

In sum, approach avoidance behavior in response to infant emotional faces 

seem a valid way to study predispositions to act. Moreover our manipulations of 

the mood and brain functioning were effective, suggesting a good susceptibility of 

the process from external stimuli. 

The effects reported so far can impact parenting research. First of all this 

study extended to children faces the effect of approach or avoidance behaviors in 

response to emotional adult faces. Even more important in the perspective of 

intergenerational transmission of parenting is the association between magnitude 

of the bias and abuse scores. The more an individual experienced a harsh 

environment and negative parenting cares, the more he/she will tend to avoid 
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infants with negative emotions. Moreover, abused adults are affected by positive 

emotions probably because they are not able to regulate their own emotions. A 

better comprehension of the process comes from the third study where the sad 

face bias was inhibited by TMS stimulation of rIFG. This means that empathy and 

mirror networks are essential in determining the bias. A new bias in responding to 

happy faces emerged after rIFG stimulation, negatively associated to participants’ 

history of abuse. We interpret this result as a diminished role of rIFG in processing 

happy faces. In terms of parenting research, this data suggest that abused 

individuals are less able to use empathy when they have to deal with infants’ 

emotions. They are probably not able to attune their emotions to children ones, or, 

as proposed by Fonagy and colleagues “mentalizing the baby” (Allen & Fonagy, 

2006; Fonagy et al., 2002; Markin, 2013; Midgley & Vrouva, 2013). 

Several limitations of this study must be acknowledged. First, we only 

selected nulliparous women, but it is known that mothers have different processes 

associated with responses to infants. It is consistent with the concept of 

intergenerational transmission that also non parents carry the “imprinting” of 

parenting style, but of course implications for the caregiving processes could be 

better understood in a sample of parents. In addition, a gender effect could be 

hypothesized, because males could be more biased than females in processing 

sad infants’ faces, consistently with their less parental investment. Finally, the 

abuse measure was used to test correlations with single latency measure, but not 

inserted in the models to test moderations effects. This mainly because of power 

issues, but also to promote an easier interpretation of models and effects. 

Unfortunately this lowers the level of inference that can be drown from the data. In 

particular we did not test if abuse was able to directly affect the role of the other 

factors. 

In conclusion, approach avoidance in response to infants’ faces seem to be 

a cost effective to study parenting and intergenerational transmission. The sad 

faces bias to threat can be buffered both stimulating the brain and eliciting a good 

or bad emotional situation. Abuse role seems important in driving some aspects of 

the process. In particular the diminished role of rIFG and empathy in abused 
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adults is intriguing but needs more attention and to be tested with different 

methodologies. 
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Section 2 

“He did not stop crying”: 

brain effects of triggers of 

child abuse in maltreated and 

non-maltreated adults 
 

 

 

 

 

 

 

Introduction to the section 

We have already discussed the phenomenon of the transmission of 

maltreatment across generations. Considering the difficulty in determining the 

existence of the phenomenon, it is understandable that the mechanisms 

implicated remain largely unknown. However, the triggers of abuse are well known 

and studied. In particular crying seems the principal cause of episodes of child 
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abuse and neglect (Barr et al., 2006; Compier-de Block et al., 2015; Soltis, 2004). 

In this section, we use different methods to study brain responses to stimuli 

considered risk factors for maltreatment, and we test the hypothesis that individual 

differences in brain correlates depend on childhood experiences of maltreatment. 

The role of infant crying as trigger of abuse is quite known, but also 

children with difficult temperament are more likely to be maltreated by adults 

(Brayden, Altemeier, Tucker, Dietrich, & Vietze, 1992; Dixon, Browne, et al., 2005; 

Famularo, Fenton, & Kinscherff, 1992; Friedrich & Boriskin, 1976; Friedrich & 

Einbender, 1983; Osborne, Hinz, Rappaport, Williams, & Tuma, 1988; Parke & 

Collmer, 1975; Sidebotham & Heron, 2003). The effects are actually overlapping 

because infants with difficult temperament have by definition higher rate of infant 

cry (Reijneveld, van der Wal, Brugman, Sing, & Verloove-Vanhorick, 2004; Soltis, 

2004) and result inconsolable. 

The primary novelties of the studies are essentially two. In Chapter 3, we 

tested by means of fMRI brain activation and connectivity during the perception of 

infants faces whose temperament had been experimentally manipulated. During 

the scan session neutral pictures were presented to the participants, but via a 

previous computer task participants had learnt infant’s temperament. Therefore, 

the contrasting brain activation during the perception of faces with temperament 

manipulation vs faces without temperament manipulation, addressed the issue of 

infants’ attributions. This is a step forward toward a slightly more naturalistic 

approach to the study of brain role in parenting behaviors. In Chapter 4, the 

novelty was represented by the use of Trascranic Magnetic Stimulation (TMS) that 

allows inhibiting the functioning of specific brain areas in order to test its causal 

role in a specific process. While fMRI relies on a correlational approach, TMS 

directly tests causal effects of brain areas on behaviors. If TMS has a disruptive 

effect on a behavioral task, it means that the target area is responsible for that 

specific process. Therefore TMS allows to test very specific hypotheses on brain 

mediators of behavioral responses.  
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Chapter 3 

Experimental manipulation of 

infant temperament affects 

amygdala-prefrontal 

functional connectivity 
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Experimental manipulation of infant temperament affects amygdala-

prefrontal functional connectivity.  
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Introduction 

Child temperament plays a key role in development, for example 

influencing how infants respond to the environment or how individuals in the 

environment react to the infants (J. E. Bates, Schermerhorn, & Petersen, 2012). 

Bidirectional effects between infant temperament and caregiving sensitivity have 

been found (J. E. Bates et al., 2012; Kiff, Lengua, & Zalewski, 2011), showing that 

child’s temperament play an important role in influencing parents’ behavior 

(Karreman, van Tuijl, van Aken, & Deković, 2006; Schermerhorn, Cummings, & 

Kail, 2008). Experimental manipulation of temperament and its influence on 

parenting has rarely been studied because in natural contexts it would require 

rather forceful interventions. Here we examine the effects of computerized 

manipulation of infant temperamental features on adults’ neural processing of 

infant faces as assessed with functional magnetic resonance imaging (fMRI). 

Kringelbach and colleagues (Bhandari, van der Veen, et al., 2014; 

Parsons, Young, Bhandari, et al., 2014) developed a paradigm called the Baby 

Social Reward Task (BSRT), which is a probabilistic learning task where child 

temperament is derived from learning the facial and vocal features indicative of a 

more or less happy (easy) or sad (difficult) baby. The BSRT consists of three 

parts: the first phase is a baseline measure of perceived temperament and 

cuteness. In addition, participants indicate their motivation to see the infant faces 

by key pressing to control the length of time the faces are onscreen. The second 

phase is training where, over a series of trials, participants to learn to differentiate 

more often sad and more often happy infants by observing the infants’ facial 

expressions and vocalizations. After the training phase, participants evaluate the 

infants again in terms of easy or difficult temperament, cuteness, and motivation to 

see the infant. The BSRT has been used to show that the perception of infant 

temperament and cuteness is not based on physical facial features alone, but is 

modifiable through experience (Parsons et al., 2014; Bhandari et al., 2014). The 

aim of the present study is to examine the neural responses in nulliparous women 

to infant faces with manipulated temperamental features, using the BSRT. Brain 

activity during the perception of faces of infants with difficult or easy temperaments 



97 

is compared to the activity during the perception of neutral infant faces without 

temperamental cues. This experimental procedure is a unique window to study 

variations in brain activity triggered by infants with different temperaments under 

controlled experimental conditions. 

Children with difficult temperaments are more likely to be maltreated 

because of their higher rates of persistent crying (Reijneveld et al., 2004; Soltis, 

2004). Crying elicits strong emotional and physiological reactions and is an 

important trigger for child abuse, especially in parents at risk for maltreatment 

(Soltis, 2004). Childhood maltreatment seems to play a role in heightening neural 

reactivity during the processing of negative emotional stimuli such as crying (Curtis 

& Cicchetti, 2011; C. L. Masten et al., 2008). The neural mechanism implied in this 

process might be related to enhanced reactivity of the amygdala, an important 

brain region in the processing of arousal or fear (LeDoux, 2012). Amygdala activity 

in response to emotional stimuli has more often been found to be moderated by 

childhood maltreatment (Fan et al., 2014; Pechtel, Lyons-Ruth, Anderson, & 

Teicher, 2014). One of the neural mechanisms responsible for the 

intergenerational transmission of childhood abuse (Pears & Capaldi, 2001; Widom 

et al., 2015) might therefore be an augmented amygdala reactivity to difficult 

temperament in individuals who experienced childhood abuse. In particular 

childhood emotional maltreatment has been linked to amygdala hyperreactivity 

(Dannlowski et al., 2012). Although emotional maltreatment has received less 

attention in research compared to other types of abuse, it is a widespread 

phenomenon (Stoltenborgh, Bakermans-Kranenburg, Alink, & van IJzendoorn, 

2012a) with deleterious effects of children’s social, emotional, and neurobiological 

development (Iwaniec, Larkin, & Higgins, 2006; van Harmelen et al., 2010, 2012). 

The self-reported prevalence has been estimated to be 363 per 1000 children 

(Stoltenborgh, Bakermans-Kranenburg, Alink, & van IJzendoorn, 2012b). One 

explanation for the strong effects of emotional maltreatment is that children who 

experience emotional abuse are exposed to prolonged maladaptive interactions 

with the parent, whereas other types of maltreatment such as physical or sexual 

abuse might be limited to a single incident (Glaser, 2002). 
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In addition to amygdala hyperreactivity, maltreated individuals might also 

show abnormalities in amygdala functional connectivity. Whereas previous studies 

point to an association between childhood abuse and functional activity in the 

amygdala, less is known about disruptions of amygdala functional connectivity in 

individuals with experiences of childhood abuse. The amygdala is one of the most 

highly connected regions of the brain and has been suggested to be a strong 

candidate for the integration of emotional and cognitive information because of its 

widespread connections to cortical and subcortical regions (Pessoa, 2008). For 

example, the amygdala has strong reciprocal connections to the visual cortex and 

these connectivities facilitate the perceptual tuning in the visual sensory cortex 

based on stimulus evaluation and significance. Visual cortex responses to 

emotionally salient stimuli depend on inputs received from the amygdala and this 

process might serve the upregulation of processing emotionally significant stimuli 

(Pessoa & Adolphs, 2010; Pessoa, 2008; Vuilleumier & Pourtois, 2007). In 

contrast, amygdala connectivities with frontal regions have been shown to be 

important for emotional regulation and downregulating of negative emotions (K. 

Ochsner & Gross, 2005; K. N. Ochsner, Silvers, & Buhle, 2012). Interestingly, 

resting-state fMRI studies have shown that individuals with experiences of 

childhood abuse have altered amygdala-frontal connectivity (Herringa et al., 2013; 

S J A van der Werff, Pannekoek, et al., 2013a). 

In the current study we experimentally manipulated infant temperamental 

features and used fMRI to examine neural processing of infant faces associated 

with mostly easy or mostly difficult temperament. We expected the amygdala to 

show elevated reactivity to (Vuilleumier & Pourtois, 2007)faces of difficult infants 

compared to easy infants. Furthermore, this enhanced amygdala reactivity was 

hypothesized to be more pronounced in participants with childhood emotional 

maltreatment experiences. In addition, we examined amygdala connectivity during 

the perception of infants with different temperaments. We expected that individuals 

with childhood emotional maltreatment experiences would have altered amygdala 

connectivity with frontal regions. Lastly, the relation between amygdala 

connectivity and perceived temperament, cuteness and desire to view the infant 
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was examined. We hypothesized that amygdala connectivity is related to ratings of 

infant temperament and involved in explaining individual differences in the 

perception of infants with different temperaments. The current study is the first to 

examine the effect of experimentally manipulated infant temperament on 

amygdala reactivity and connectivity, taking into account experiences of childhood 

emotional maltreatment. 

 

Method 

Participants 

A total of 121 female undergraduate students from the Department of Child 

and Family Studies, Leiden University, participated in the first phase of the study. 

In this phase, participants completed questionnaires on childhood experiences and 

demographic details. Ninety-seven participants who met inclusion criteria and with 

scores ranging from low to high on a questionnaire measuring experiences of 

emotional abuse and neglect were randomly selected and contacted for 

participation. Participants were screened for MRI contraindications, psychiatric or 

neurological disorders, hearing problems, pregnancy, alcohol and drug abuse, and 

did not have children of their own. More than 95% of the participants were born in 

the Netherlands. Fifty-four female participants completed the second phase of the 

study, consisting of the fMRI session. Two participants were excluded due to 

excessive head movement and two participants were excluded because fMRI 

scanning could not be completed due to technical or health problems during the 

session. Three participants were excluded from the analysis because they did not 

learn to discriminate between the sad and happy infants and showed more than 

two standard deviations below the mean accuracy score for selecting the correct 

infant in the final part of the learning phase of the BSRT. This resulted in a total 

sample size of 47 participants for the current study. The mean age of the 

participants was 19.62 (SD = 2.12). Written informed consent was obtained from 

all participants. Permission for this study was obtained from the Institute’s Ethics 

Committee and from the Leiden University Medical Centre Ethics Committee. 
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Childhood emotional maltreatment The Childhood Trauma Questionnaire 

Short Form (CTQ-SF; Bernstein et al., 2003b) was administered to measure 

experiences of childhood abuse. Twenty-eight items were presented to assess 

experiences of physical abuse, emotional abuse, sexual abuse, physical neglect, 

and emotional neglect. Each item (e.g., “During my childhood I felt hated by 

family”) was rated on a 5-point Likert scale ranging from never true to very often 

true. In the current study we focused on the emotional abuse and emotional 

neglect subscales since they were expected to affect reactivity to infants with 

different temperaments. Therefore, an emotional maltreatment scale was created 

by averaging the ten items tapping into emotional abuse and emotional neglect 

dimensions. 

 

Procedure 

Participants were invited for a lab session at the Leiden University Medical 

Center. They first signed the consent form and were screened for MRI 

contraindications. Afterwards, the Baby Social Reward Task (BSRT) was 

administered. The Baby Social Reward Task was used to manipulate and 

measure participants’ perception of the temperament of six babies (see Parsons et 

al., 2014, for a detailed explanation of the paradigm). The task consists of three 

different phases: baseline measures of participants’ responses to the infant faces, 

the experimental manipulation of infant temperament, and post-manipulation 

measures of participants’ responses to the infant faces. 

The first phase consists of two tasks: the Rating task and the Wanting task 

(Parsons et al. 2014). In both tasks each baby’s face is presented on the middle of 

the screen with a neutral expression. In the Rating task the participant is asked to 

evaluate the babies on three different dimensions (cuteness, difficultness and 

easiness) pressing the “up” or “down” arrow on the keyboard to change the level of 

a vertical visual analogue scale (VAS). Similar to Parsons et al. (2014) the ratings 

of difficultness and easiness were then combined (the difficultness values were 
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reversed) to produce a global measure of temperamental easiness of the baby. 

Each stimulus was presented for 5 seconds and each participant rated each face 

once. The Wanting task is a measure of motivation to see each baby’s face. The 

participants are asked to press the “up” or “down” arrow to change the time they 

want to see the baby. A vertical VAS with a descending level represented the 

passing of time and the participant’s key pressing changed the speed of the 

descending level (pressing the “up” arrow decreased the speed of the descending 

level, extending the amount of time the face was onscreen while pressing the 

“down” arrow increased its speed, reducing the amount of time the face was 

onscreen).  

 

The second part of the BSRT consisted of the manipulation of the 

temperament: in each trial the participants were presented one of three pairs of 

baby faces and they were asked to identify, by trial and error, the happy baby or 

the sad baby of the pair. Participants selected one of the two babies and received 

feedback, in the form of a change of facial expression and an equivalent 

vocalization (either ‘happy’ or ‘sad’). By means of repeated trials, participants 

could infer how often the baby cried or laughed and decide which one was the 

happier or the sadder of the two. Similar to Parsons et al. (2014), participants were 

instructed that “In each pair of faces, there is one happy and one sad baby. Like in 

real life the happy baby will not always be happy and the sad baby will not always 

be sad. In each set your task is to find the happier baby, the one who smiles most 

often, and continue to always select this baby even if this baby may sometimes 

appear sad.” The three pairs of babies varied in the probability of each infant of 

being happy or sad. In the easy pair, the easy-to-learn happy infant laughed in 

80% of trials and cried in the remaining 20% of trials. The easy-to-learn sad infant 

laughed in 20% of trials and cried in the other 80% of trials. In the difficult to learn 

pair the difficult-to-learn happy infant laughed 60% of the time while the difficult-to-

learn sad infant laughed 40% of the time. As a variation to the BSRT task used in 

previous works (Parsons et al., 2014), we adapted the procedure to the fMRI 

requirements by eliminating a third pair (with 70% of probability for the “happy 
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baby” to be happy) and instead introduced a “neutral pair” where no feedback was 

given. See Table 3.1 for an explanation of the labels that are used for each infant 

in the current study. Participants received feedback just for the selected baby, but 

they could infer that the infant not selected would show the opposite emotion on 

each trial. In each trial, neutral faces were presented onscreen until participants 

made a response. After participants made a response, visual feedback was 

presented immediately for 1.5 sec accompanied by a 1.5 sec vocalization. There 

was a 500 ms gap between the end of the feedback and the beginning of the next 

trial during which a red fixation cross was presented in the centre of the screen. 

The temperament of these babies was not manipulated. 

The training consisted of two blocks of 60 trials each, so that each pair was 

presented 40 times in total (20 times per block). In one of the two blocks the 

participant was asked to select the happy baby, while in the other to select the sad 

baby. The order of the trials was randomized within session and the order of the 

blocks was randomized between participants. The identity of the babies (happy, 

sad or neutral) was randomized between participants. 

After the training phase participants were ready to start the fMRI 

procedure. Participants were asked to change clothes and were given instructions 

about the fMRI paradigm (see fMRI paradigm and data acquisition). The third 

phase of the BSRT, consisting of the post-manipulation evaluation of the babies, 

was administered after the fMRI paradigm. During this phase participants were 

asked to perform the Rating and Wanting tasks again. Participants rated the 

cuteness, easiness, and difficultness of the babies and indicated through button-

press how long they wanted to see the babies. Comparisons of the pre- and post-

manipulation ratings and wanting data showed that the manipulation of 

temperament was effective. The BSRT was programmed and performed using 

Presentation software (Version 14.4 Neurobehavioral Systems, Inc., 

www.neurobs.com). 

 

 



103 

Table 3.1. Labels and explanations for the 80%, 60%, 40%, 20% happy babies and 
the neutral babies. 

Label Explanation Rate of 
happiness 

Easy to-learn happy Baby The happy baby in the easy 
pair 

80 % 

Easy-to-learn sad Baby The sad baby in the easy pair 20 % 
Difficult-to-learn happy Baby The happy baby in the difficult 

pair 
60 % 

Difficult to-learn sad Baby The sad baby in the difficult 
pair 

40 % 

Neutral No cues about temperament -- 

 

Stimuli 

All infant faces images and vocalizations were the same as used in 

Parsons et al. (2014) and Bhandari et al. (2014). The pictures represented smiling, 

crying and neutral faces for each of the six babies of the set. In order to reduce 

any confounding effects of stimulus gender, we had an independent sample of 

adult females (n = 40) rate faces from a larger set of 13 (Kringelbach et al., 2008) 

as ‘male’, ‘female’, or ‘cannot tell’. These ratings were then used to select six faces 

such that there were two faces clearly perceived as female, two as male, and two 

with ambiguous ratings (Parsons et al., 2014). Images were in greyscale and 

equal in size (300x300 pixels) and luminosity. Vocalizations were 6 laughing 

babies and 6 crying babies, as unambiguously evaluated by adults (Young, 

Parsons, Stein, & Kringelbach, 2012), and sampled from the larger Oxford Vocal 

(OxVoc) Sounds Database which is a validated set of non-acted affective sounds 

from human infants, adults and domestic animals (Parsons, Young, Craske, Stein, 

& Kringelbach, 2014). The vocalisations were 1.5 seconds long, free from 

background noise and matched for the characteristics of the sounds. Vocalizations 

were presented to the participants through headphones. 
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fMRI paradigm and data acquisition 

Inside the MRI scanner, participants were presented with thesix infant 

faces (with neutral facial expressions), one at a time. Each infant face was 

presented in the centre of the screen and accompanied by the words “sad” and 

“happy”. Participants were asked to indicate if the infant was happy or sad by 

using button presses with the right hand, based on what they had learned during 

the training phase of the BSRT. Infant faces were presented 20 times for 

maximum 2.6 seconds, in random order, resulting in a total of 120 infant 

presentations. The task was self-paced, meaning that the task continued to the 

next trial after a button press. Interstimulus intervals were jittered and calculated 

using Optseq (https://surfer.nmr.mgh.harvard.edu/optseq/). The mean number of 

errors during the fMRI paradigm were calculated, excluding the trials with the 

neutral infants because there was no correct answer for these infants. The 

percentage of incorrect trials was 26.3%(M = 21.04, SD = 17.58). The number of 

errors was negatively related to the mean post-manipulation rating of the happy 

infants (easiness and difficultness rating (reversed) combined) (r = -.40, p < .01). 

Individuals who rated the happy infants as more positive made fewer errors during 

the fMRI paradigm, indicating that individuals were accurate during fMRI when the 

temperament manipulation was effective. The number of errors was not 

significantly related to the mean post-manipulation rating of the sad infants 

(cuteness, easiness, and difficultness rating (reversed) combined) (r = .19, p = 

.20). The fMRI paradigm was programmed and administered using E-Prime 

software (version 2.0). 

Scanning was performed with a standard whole-head coil on a 3-T Philips 

Achieva TX MRI system (Philips Medical Systems, Best, The Netherlands) in the 

Leiden University Medical Center. For fMRI, a total of 298 T2*-weighted whole-

brain echoplanar images were acquired (repetition time=2.2 s; echo time = 30 ms, 

flip angle = 80°, 38 transverse slices, voxel size 2.75 × 2.75 × 2.75 mm (+ 10% 

interslice gap)). Following the fMRI scan, a T1-weighted anatomical scan was 

acquired (flip angle = 8°, 140 slices, voxel size .875 × .875 × 1.2 mm). 
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fMRI data analysis 

Data analysis was carried out using FEAT (FMRI Expert Analysis Tool) 

version 6.00, part of FSL (S. M. Smith et al., 2004). The following pre-statistics 

processing was applied: motion correction (MCFLIRT, Jenkinson et al., 2002), 

non-brain removal (Smith, 2002), spatial smoothing using a Gaussian kernel of 

full-width-at-half-maximum 8.0 mm, and highpass temporal filtering (highpass filter 

cutoff = 90.0 s). Functional scans were registered to the high-resolution EPI-

images (high-resolution functional scans), which were registered to the T1-

weighted images, which were registered to standard space (Jenkinson, Bannister, 

Brady, & Smith, 2002). 

In native space, functional activity was examined using general linear 

model analysis. Each infant (easy-to-learn happy, difficult-to-learn happy, easy-to-

learn sad, difficult-to-learn sad, neutral 1, neutral 2) was modeled separately as a 

square-wave function. Each predictor was then convolved with a double gamma 

hemodynamic response function and its temporal derivative was added to the 

model, giving six regressors. To examine brain regions involved in the perception 

of infants with different temperaments we contrasted the easy-to-learn happy, the 

difficult-to-learn happy, the easy-to-learn sad, and the difficult-to-learn sad infant 

with one of the neutral infants (easy-to-learn happy > neutral, difficult-to-learn 

happy > neutral, easy-to-learn sad > neutral, difficult-to-learn sad > neutral). 

In addition, we examined psychophysiological interactions (PPI), that is, 

condition-dependent changes in the covariation of the response between a seed 

region and other brain regions (Friston et al., 1997). We used the left and right 

amygdala as seed regions because we were interested in the influence of 

emotional maltreatment on amygdala connectivity during the perception of infants 

with different temperaments. We extracted the mean time series for each 

participant from the left and the right amygdala, defined using the Harvard–Oxford 

subcortical atlas. These time series were then used as a physiological regressor in 

the model. We applied two separate models: one to analyze left amygdala 

connectivity, and one to study right amygdala connectivity. Contrasts for the easy-

to-learn sad, easy-to-learn happy, the difficult-to-learn sad, difficult-to-learn happy 
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infant and the neutral infant (all conditions versus baseline) were created. These 

regressors were convolved with a double gamma hemodynamic response function 

and their temporal derivatives were added to the model. The easy-to-learn sad, 

easy-to-learn happy, and the neutral infant contrasts were used as psychological 

regressors. Finally, the interaction between the psychological regressors and the 

time series from the left or right amygdala were modeled. We assessed the 

positive and negative contrast of the interaction in order to examine condition-

dependent changes in functional connectivity. 

All first-level contrast images and the corresponding variance images were 

transformed to standard space and submitted to second level mixed-effects group 

whole brain analyses. The group mean was tested using one-sample t-tests on 

these contrasts and the reverse contrasts (neutral > easy-to-learn happy, neutral > 

difficult-to-learn happy, neutral > easy-to-learn sad, neutral > difficult-to-learn sad). 

For PPI analysis, we tested the group means using one-sample t-tests on the 

positive and negative contrasts of the psychophysiological interaction. We 

included the number of errors of the last ten trials of the training phase of the 

BSRT as a confound regressor in the functional activity analysis and PPI analysis. 

The statistical images were thresholded using clusters determined by Z > 2.3 and 

a cluster corrected significance threshold of p < .05. 

A whole brain analysis was conducted to examine brain activity during the 

perception of infants with different temperaments. In addition, a Region of Interest 

(ROI) analysis was conducted to examine functional activity in the bilateral 

amygdala, anatomically defined using the Harvard–Oxford subcortical atlas 

(http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Atlases). For amygdala activity, the contrasts 

easy-to-learn sad > neutral and difficult-to-learn sad > neutral were assessed. 

Mean Z-values for amygdala activity for the contrasts easy-to-learn and 

difficult-to-learn sad > neutral were calculated for each participant with Featquery 

in order to examine the relation between amygdala activity and childhood 

emotional maltreatment. Hierarchical regression analyses were conducted to 

predict amygdala activity during the perception of the easy-to-learn or difficult-to-
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learn sad infant compared to the neutral infant. The number of errors that were 

made during the fMRI task was entered in the first step and emotional 

maltreatment in the second step. Furthermore, mean Z-values were calculated 

(using Featquery) for brain regions that were significantly connected to the 

amygdala, the bilateral occipital fusiform gyrus and the left middle frontal gyrus 

(anatomically defined using the Harvard–Oxford cortical atlas), in order to examine 

the relation between amygdala connectivity, emotional maltreatment and the post 

manipulation ratings of the infants. Again, hierarchical regression analysis was 

used to examine the relation between amygdala connectivity, emotional 

maltreatment, and the post manipulation ratings, controlling for the number of 

errors that were made during the fMRI task. 

 

Results 

Behavioral Results 

Cuteness. We tested the effect of the manipulated temperament on the 

perception of cuteness of the babies using a 2x2 repeated measure ANOVA. The 

two factors were Time (pre- and post-manipulation) and Valence (sad and happy 

babies). For the factor Valence, the mean of the ratings for the 20% happy and 

40% happy babies  who laughed 20% and 40% of the time were combined (easy-

to-learn sad and difficult-to-learn sad) and the mean of the 60% happy and 80% 

happy babies were combined . There was a main effect of Valence (F(1,46) = 

20.38, p < .001): the ratings of the happy babies (M = 1.53, SD = 1.11) were 

higher than the sad ones (M = 0.42, SD = 1.39). In addition, the interaction effect 

Time x Valence was significant (F(1,51) = 10.62, p = .002): the ratings of the sad 

babies decreased from before the manipulation (M = 0.54, SD = 1.56) to after (M = 

0.31, SD = 1.78), while the ratings of the happy babies increased (Before: M = 

1.10, SD = 1.41; After: M = 1.97, SD = 1.16). Paired t-tests (see Figure 3.1) 

showed the increase of cuteness rating from before to after the manipulation for 

the 80 % happy baby (t(46) = -2.46, p = .02) and the 60 % happy baby (t(46) = -

3.59, p < .001). 
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Temperament. The same 2x2 repeated measure model was used to test 

the impact of manipulated temperament on the perceived temperament of the 

babies, using the aggregated score of the easiness and difficultness ratings. There 

was a significant main effect of Valence (F(1,46) = 5.31, p = .03): the happy babies 

(M = 0.65, SD = 1.24) were rated as easier than the sad babies (M = 0.06, SD = 

0.99). In addition, the interaction effect Time x Valence was significant (F(1,46) = 

10.48, p = .002): the temperament ratings of the sad babies decreased from 

before the manipulation (M = 0.21, SD = 0.90) to after (M = -0.10, SD = 1.68), 

meaning that the sad babies were perceived as less easy/more difficult after the 

manipulation. In contrast, the temperament ratings of the happy babies increased 

after the manipulation (Before: M = 0.23, SD = 1.42; After: M = 1.07, SD = 1.50), 

meaning that they were perceived as easier/less difficult . Paired t-tests (Figure 

3.2) showed the increase of the easiness/difficultness ratings from before to after 

Figure 3.1. Cuteness ratings before and after training. Error bars represent 
the standard errors of the means. * p < .05, *** p < .001 
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the manipulation for the 80 % happy baby (t(46) = -2.84, p = .007) and the 60 % 

happy baby (t(46) = -2.91, p = .006). 

 

 

Wanting. The effect of the temperament manipulation on Wanting was 

tested with the same repeated measure ANOVA model, using as dependent 

variable the total time the participant spent watching the baby faces. We found no 

significant main effects of Time (F(1, 46) = 0.51, p = .48) or Valence (F(1,46) = 

3.23, p = .08). The interaction effect Time x Valence was significant (F(1,46) = 

15.68, p < .001): the time spent watching the sad babies decreased from before 

the manipulation (M = 5985.11 ms, SD = 1567.76) to after (M = 5689.36 ms, SD = 

1794.54), while the time spent watching the happy babies increased (Before: M = 

6000.00 ms, SD = 1435.84; After: M = 6530.21 ms, SD = 1936.99). Paired t-tests 

(Figure 3.3) showed the increase of time spent watching the baby from before to 

after the manipulation for the 80% happy baby (t(46) = -3.127, p = .003) and the 

decrease of the time for the neutral babies (t(46) = 4.36, p < .001). 

Figure 3.2. Temperament ratings before and after training. Error bars 
represent the standard errors of the means. ** p < .01 
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fMRI Results 

A whole brain analysis was conducted to examine brain activity for the 

contrasts (i) ‘easy-to-learn happy infant’ versus ‘neutral infant,’ (ii) difficult-to-learn 

happy infant versus neutral infant, (iv) easy-to-learn sad infant versus neutral 

infant (v) difficult-to-learn sad infant versus neutral infant, and the reverse 

contrasts. The contrast difficult-to-learn happy infant versus neutral infant showed 

significant activity in the cuneal cortex, but no significant activity was found during 

the perception of the easy-to-learn happy infant, the easy-to-learn sad infant, and 

the difficult-to-learn sad infant compared to neutral infants. However, the reverse 

contrasts comparing activity during neutral infants with easy-to-learn sad or easy-

to-learn happy infants revealed significant activity in several brain regions (see 

Table 3.2 and Figure 3.4). We found significant activity during the perception of the 

neutral infant compared to easy-to-learn happy infant in the middle frontal gyrus, 

Figure 3.3. Time the participants decided to watch baby faces during the 
wanting task. Error bars represent the standard errors of the means. ** p 
< .01, *** p < .001. 
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orbitofrontal cortex, the frontal pole, the angular gyrus, the putamen, the anterior 

cingulate cortex, precuneus, the middle and superior temporal gyrus, the insula 

and the paracingulate gyrus. In addition, during the perception of the neutral infant 

compared to the easy-to-learn sad infant significantly more activity was found in 

the postcentral gyrus, the precuneus, the frontal pole, the orbitofrontal cortex, the 

anterior cingulate cortex, the paracingulate gyrus, the thalamus, the nucleus 

accumbens, and the putamen (see Table 3.2 and Figure 3.4). The Region of 

Interest analysis with the amygdala did not show significant activity during the 

perception of the easy-to-learn or difficult-to-learn sad infant compared to the 

neutral infant. 

 

Figure 3.4 Top panel: significant activation during the perception of the 
neutral infant compared to the easy-to-learn happy infant. Lower panel: 
significant activation during the perception of the neutral infant compared 
to the easy-to-learn sad infant. ACC = anterior cingulate cortex, PCG = 
paracingulate gyrus, THA = thalamus, MTG = middle temporal gyrus, 
PostCG = postcentral gyrus, PRE = precuneus, PCC = posterior cingulate 
cortex, PUT = putamen, FP = frontal pole, OFC = orbitofrontal cortex, INS = 
insula. The right side of the brain corresponds with the left hemisphere and 
vice versa. Statistical images were thresholded with clusters determined by 
Z > 2.3 and a cluster-corrected significance threshold of p < 0.05. 
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Table 3.2. MNI coordinates, cluster size, and Z-max values for significantly activated clusters. 

    MNI coordinates Z max 

Contrast Brain region N Voxels Z max x y z 

Neutral > Easy-to-learn Happy  L Middle Frontal Gyrus 7305 4.20 -32 24 28 
 R Angular Gyrus 7296 4.50 54 -48 40 
 R Putamen 3381 4.08 32 -16 0 
 L Putamen 1533 4.01 -26 -14 4 
       
Difficult-to-learn Happy > Neutral R Cuneal Cortex 2165 3.50 8 -80 34 
       
Neutral > Easy-to-learn Sad  R Postcentral Gyrus 8787 3.87 52 -28 56 
 R Frontal Pole 1980 4.00 26 46 24 
 R Nucleus Accumbens 1189 3.58 14 18 -6 
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Childhood emotional maltreatment 

Mean Z-values for amygdala activity were extracted in order to 

examine the relation between amygdala activity and emotional maltreatment. 

There was no significant correlation (two-tailed) between maltreatment and 

amygdala activity for the contrast easy-to-learn sad versus neutral (r = -.10, 

p = .49). Neither was there a significant correlation between maltreatment 

and amygdala activity for the contrast difficult-to-learn sad versus neutral (r 

=.16, p = .30). Two hierarchical regression analyses were conducted to 

examine whether emotional maltreatment significantly affected amygdala 

activity for the easy-to-learn sad and difficult-to-learn sad versus neutral 

contrasts, controlling for the number of errors that were made during the 

fMRI task. The model for the contrast difficult-to-learn sad infant versus 

neutral infant (F(2,44) = 2.13, p = .13, R2 = .09), and the model for the 

contrast easy-to-learn sad infant versus neutral infant were not significant 

(F(2,44) = 1.48, p = .24, R2 = .06). 

Furthermore, correlations between emotional maltreatment and the 

post manipulation ratings were inspected in order to examine whether 

maltreatment affected the perception of infant temperament after the 

manipulation. There were no significant correlations between maltreatment 

and the post-manipulation cuteness rating (happy: r = -.14, p = .36, sad: r = -

.04, p = .82) or temperament rating (happy: r = -.10, p = .50, sad: r = .02, p = 

.88) and no significant correlation between maltreatment and time wanting to 

view the infant (happy: r = -.18, p = .22 sad: r = .09, p = .57) (easy-to-learn 

sad and difficult-to-learn sad combined, easy-to-learn happy and difficult-to-

learn happy combined). Furthermore, there was no significant correlation 

between emotional maltreatment and the number of errors that were made 

during the fMRI task (r = .02, p = .90). 
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Functional connectivity 

We performed PPI analyses to examine amygdala connectivity during 

the perception of infants with different temperaments. When participants 

were presented with the easy-to-learn happy infant (versus baseline), there 

was significant connectivity between the right amygdala and the bilateral 

occipital fusiform gyrus, the lateral occipital cortex, the occipital pole, the 

postcentral gyrus, inferior temporal gyrus, and the lingual gyrus and between 

the left amygdala and the left middle frontal gyrus (MFG), the frontal pole, 

the inferior frontal gyrus, the postcentral gyrus, and the lateral occipital 

cortex (see Table 3.3 and Figure 3.5 for the clusters of activation and Table 

S1 for the local maxima in the activation clusters). In addition, we found 

significant functional connectivity between the left amygdala and the left 

superior frontal gyrus during the presentation of the neutral infant (versus 

baseline). Amygdala-frontal connectivity during the presentation of the easy-

to-learn happy infant was negative, whereas amygdala-frontal connectivity 

during the presentation of the neutral infant was positive. There was no 

significant amygdala connectivity during the presentation of the easy-to-learn 

sad infant. 

Mean Z-values were extracted from the left MFG in order to examine 

the relation between amygdala-MFG connectivity, emotional maltreatment 

and the post manipulation ratings of the infants. We found a significant 

negative correlation between emotional maltreatment and amygdala-MFG 

connectivity during the presentation of the easy-to-learn happy infant (r = -

.29, p < .05). Hierarchical regression analysis was performed to examine the 

effect of emotional maltreatment when the number of errors that were made 

during the fMRI task was entered in the first step of the regression model. 

When we controlled for the number of errors, emotional maltreatment 

remained a significant predictor of amygdala-MFG connectivity (β = -.29, p < 

.05). A contrast Z-value was calculated by subtracting the mean Zvalue for 

the left MFG during the presentation of the neutral infant from the mean Z-
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value for the left MFG during the presentation of the easy-to-learn happy 

infant. The correlation between the contrast Z-value (easy-to-learn happy 

infant versus neutral infant) and emotional maltreatment was marginally 

significant (r = -.28, p = .05). There was no significant correlation between 

amygdala-MFG connectivity during the presentation of the easy-to-learn 

happy infant and the post-manipulation temperament rating of the happy 

infants (r = .10, p = .52). Neither was there a significant correlation with the 

post-manipulation cuteness rating (r = -.06, p = .69) or time wanting to view 

the happy infants (r = -.21, p = .17). 

Furthermore, mean Z-values were extracted from the occipital 

fusiform gyrus (OFG) in order to examine the relation between amygdala-

OFG connectivity, emotional maltreatment and the post manipulation ratings 

of the infants. There was no significant correlation between emotional 

maltreatment and mean Z-values extracted from the OFG during the 

presentation of the easy-to-learn happy infant (r = -.15, p = .31). However, 

there was a significant positive correlation between amygdala- OFG 

connectivity and the post-manipulation temperament rating of the happy 

infants (r = .31, p = .03). Individuals with high levels of amygdala-OFG 

connectivity during the presentation of the easy-to-learn happy infant rated 

the happy infants as more positive than individuals showing low levels of 

functional connectivity. Hierarchical regression analysis showed that when 

we controlled for the number of errors that were made during the fMRI task, 

the temperament rating of the happy infants did not significantly predict 

amygdala-OFG connectivity (β = .27, p < .09). Again, a contrast Z-value was 

calculated by subtracting the mean Z-value for the OFG during the 

presentation of the neutral infant from the mean Z-value for the OFG during 

the presentation of the easy-to-learn happy infant. The correlation between 

the contrast Z-value (easy-to-learn happy infant versus neutral infant) and 

the post-manipulation temperament rating of the happy infants was 

significant (r = .30, p = .04). There was no significant correlation between 
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amygdala-OFG connectivity and the post-manipulation cuteness ratings of 

the happy infants (r = -.06, p = .71) or time wanting to view the happy infants 

(r = -.04, p = .81). 

 

 

 

Figure 3.5. Significant functional connectivity with the left (red) and right 
(blue) amygdala during the presentation of the easy-to-learn happy infant. 
ITG = inferior temporal gyrus, PCG = postcentral gyrus, MFG = middle 
frontal gyrus, IFG = inferior frontal gyrus, LG = lingual gyrus, LOC = lateral 
occipital cortex, OFG = occipital fusiform gyrus, OP = occipital pole. The 
right side of the brain corresponds with the left hemisphere and vice versa. 
Statistical images were thresholded with clusters determined by Z > 2.3 and 
a cluster-corrected significance threshold of p < 0.05. 
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Table 3.3. Overview of functional amygdala connectivity: MNI coordinates, cluster size, and Z-max values for significant 
clusters of functional connectivity 

       MNI coordinates Z max 

Contrast Direction  Seed region Functional 
connectivity 

N 
Voxels 

Z max x y z 

Easy-to-learn Happy - Right 
Amygdala 

Lingual Gyrus 8363 4.12 16 -64 -12 

 - Left Amygdala Middle Frontal Gyrus 1092 3.68 -52 32 24 
   Lateral Occipital 

Cortex 
927 3.32 -26 -62 50 

         
Neutral  + Left Amygdala Superior Frontal 

Gyrus 
1089 3.32 -8 0 72 
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Discussion 

The current fMRI study is the first to experimentally manipulate perception 

of infant temperament and examine subsequent neural processing of infant faces. 

We employed a computerized probabilistic learning task that manipulated infant 

temperamental features, the BSRT, to create a sense of the temperament of 

previously unfamiliar infants and examined its effects on neural processing. Our 

study is the first to demonstrate how a simple temperament manipulation can 

change brain activity to a basic social reward, namely infants with a neutral facial 

expression. Our results indicate that individuals with experiences of emotional 

maltreatment in childhood have reduced amygdala-middle frontal gyrus functional 

connectivity while viewing images of infants with a neutral facial expression and a 

difficult temperament, suggesting that emotional maltreatment has long-lasting 

effects on the neural level. In addition, we found that amygdala-occipital fusiform 

gyrus (OFG) connectivity is involved in explaining individual differences in the 

perception of infant temperament. Our findings are in line with previous studies 

indicating that the amygdala plays an important role in the perception of infant 

signals (Barrett et al., 2012; Feldman, Gordon, & Zagoory-Sharon, 2011; Kim et 

al., 2011; Riem et al., 2012; Riem, Bakermans-Kranenburg, et al., 2011) and 

indicate that the amygdala may be involved in the mechanism responsible for the 

intergenerational transmission of childhood abuse. Individuals with experiences of 

childhood emotional maltreatment showed reduced functional connectivity 

between the amygdala and the middle frontal gyrus when they saw faces of infants 

that they come to know as mostly happy. Whereas many previous studies have 

shown that maltreated individuals show amygdala hyperreactivity to various 

emotional stimuli (Dannlowski et al., 2012; van Harmelen et al., 2012), data on 

childhood maltreatment and amygdala connectivity during emotional tasks are 

scarce. Jedd et al. (2015) examined the relation between maltreatment and 

amygdala connectivity during an emotional face matching task. In line with our 

findings, they found that maltreated individuals showed altered functional 

connectivity between the amygdala and medial frontal gyrus and other frontal 

regions compared to a control group. Frontal regions exert inhibitory influence on 
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the amygdala and regulate emotional responses mediated by the amygdala 

(Hariri, Mattay, Tessitore, Fera, & Weinberger, 2003; Kim, Gee, Loucks, Davis, & 

Whalen, 2011; Phillips, Ladouceur, & Drevets, 2008). Aberrant fronto-amygdala 

development has been observed in children with a history of early deprivation in a 

study by Gee and colleagues (2013). Specifically, children who experienced 

maternal deprivation displayed accelerated development of amygdalafrontal 

connectivity, which may reflect an adaptation in response to early adversity, but 

may be associated with later costs and enhanced risk for psychopathology. 

Indeed, reduced amygdala-frontal connectivity has been observed in a range of 

psychiatric disorders (Almeida et al., 2009; Gilboa et al., 2004; Makovac et al., 

2015) and might reflect hyperreactivity to negative emotions and problems with 

emotional regulation. In parents, emotional and physiological hyperreactivity to 

infant emotions may lead to less optimal or even harsh caregiving (Crouch, 

Skowronski, Milner, & Harris, 2008; Out, Bakermans-Kranenburg, van Pelt, & Van 

IJzendoorn, 2012). Our findings suggest that disruptions in amygdala connectivity 

might be involved in the mechanism underlying the intergenerational transmission 

of childhood maltreatment. 

In contrast to our expectations, we did not find amygdala hyperreactivity in 

response to infants with a difficult temperament in individuals with experiences of 

childhood emotional abuse. One reason for the absence of amygdala 

hyperreactivity could be that we contrasted amygdala activity during the perception 

of sad or happy infants with activity during neutral infants. Individuals with 

experiences of emotional maltreatment might also be more reactive and make 

more negative attributions to neutral child stimuli (Farc, Crouch, Skowronski, & 

Milner, 2008; Leerkes & Siepak, 2006). Indeed, Van Harmelen et al. (2012) 

showed that maltreated individuals display heightened amygdala reactivity to 

happy, sad, and neutral faces, indicating that maltreatment affects the perception 

of facial expressions in general. Moreover, the amygdala also responds to neutral 

faces (Pessoa, 2010), which might explain why the sad versus neutral contrast did 

not reveal significant amygdala activity. Another explanation would be that it is in 

particular amygdala connectivity that is affected by emotional maltreatment. In line 
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with our findings, Gee et al. (2014) showed that amygdala connectivity, but not 

reactivity, was associated with separation anxiety in children with experiences of 

maternal deprivation. To our surprise, significant amygdala connectivity was found 

during the perception of the happy infant but not when individuals were presented 

the sad infant. The comparison of the pre- and post-manipulation temperament 

and cuteness ratings of the infants showed that the experimental manipulation was 

most effective for the happy infants. Therefore, the happy infants might have been 

more emotionally salient and resulted in more amygdala connectivity than the sad 

infants. An alternative explanation for the absence of maltreatment effects during 

the perception of the difficult infant is that emotional maltreatment leads to an 

altered capacity to integrate positive information. A similar mechanism has been 

observed in depressed patients who have difficulty using positive and rewarding 

stimuli to regulate negative mood and show aberrant processing of positive 

information, possibly because of their bias for negative emotions (Gotlib & 

Joormann, 2010). Although individuals with more experiences of emotional 

maltreated did not make more mistakes during the identification of the easy and 

difficult infant during the fMRI paradigm, they might fail to update previously 

learned rewarding information about the easy infant. In line with this explanation, 

previous studies have shown that experiences of maltreatment or being at risk for 

maltreatment results in differential perception of negative infant signals, but also 

more positive infant signals, such as infant laughter (Bhandari, Bakermans-

Kranenburg, et al., 2014; Compier-de Block et al., 2015), suggesting that it is 

essential to include responses to positive infant stimuli when studying effects of 

maltreatment. Furthermore, our study showed that amygdala-occipital fusiform 

gyrus connectivity during the perception of the happy infants was related to the 

post-manipulation temperament rating of the happy infants, although this was not 

significant when we controlled for the number of errors that were made during the 

fMRI task. Individuals with high levels of amygdala- OFG connectivity tended to 

rate the happy infants as more positive than individuals showing low levels 

functional connectivity. Although the amygdala is traditionally seen as a crucial 

brain region for fear conditioning (LeDoux, 2012), research shows that it is 

important for emotion processing in general and for the detection of biological 
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relevance (Pessoa & Adolphs, 2010; Pessoa, 2008; Sander, Grafman, & Zalla, 

2003). The amygdala is functionally and anatomically connected to the regions of 

the visual cortex, including the fusiform gyrus, and exerts a modulatory influence 

on visual cortex responses based on the biological and affective relevance of the 

stimulus. In this way, the amygdala prioritizes the processing of emotional stimuli 

over others and separates significant from less significant stimuli (Pessoa, 2010). 

As a result, emotional stimuli evoke stronger responses in the visual cortex than 

neutral stimuli (Vuilleumier, Armony, Driver, & Dolan, 2001). The fusiform gyrus is 

particularly important for face processing and receives amygdala projections that 

serve enhanced processing of emotional faces (Herrington, Taylor, Grupe, Curby, 

& Schultz, 2011; Vuilleumier, Richardson, Armony, Driver, & Dolan, 2004). Our 

finding that amygdala-occipital fusiform gyrus connectivity is related to the 

temperament ratings of the infants might indicate that the amygdala plays an 

important role in enhancing the processing of emotional infant stimuli and tagging 

infant stimuli as emotionally significant. 

Our study has a few limitations. First, functional connectivity using fMRI is a 

correlational method that does not allow conclusions about (the direction of) any 

causal relation between the amygdala, occipital fusiform gyrus and middle frontal 

gyrus. Although we speculate that top-down inhibitory frontal cortex influences on 

the amygdala are disrupted in individuals with experiences of childhood 

maltreatment, studies using effective connectivity analysis are needed to examine 

influences of maltreatment on the direction of connectivities in brain networks. The 

development of new whole-brain computational modelling methods may in future 

allow for further investigations of the underlying causal mechanisms (Deco & 

Kringelbach, 2014; Deco, Tononi, Boly, & Kringelbach, 2015). Another limitation is 

the use of self-report questionnaires to measure childhood emotional 

maltreatment. Furthermore, since research has shown that experiences of 

maltreatment are related to problems in the recognition of emotions and facial 

expressions (da Silva Ferreira, de Sousa Crippa, & de Lima Osòrio, 2014), it 

cannot be ruled out that individuals with experiences of emotional maltreatment 

had problems with discriminating between the sad and happy infants during the 
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learning phase of the BSRT, which might have influenced their neural responses 

to the infant stimuli. However, this is unlikely because emotional maltreatment was 

unrelated to the number of errors that were made during the fMRI task and to the 

postmanipulation ratings of the infants. Moreover, a previous study using the 

BSRT to test the effect of oxytocin on memory for infant cues showed that 

maltreated individuals who were administered a placebo did not make more 

mistakes in distinguishing between the sad and the happy infant (Bhandari, van 

der Veen, et al., 2014). Lastly, our findings can only be generalized to women 

without children of their own. A study of amygdala hyperactivity and connectivity in 

maltreating parents and in parents with experiences of childhood maltreatment is 

needed in order to shed more light on the mechanism responsible for the 

intergenerational transmission of childhood maltreatment. 

In sum, the current study is the first to examine computerized manipulation 

of infant temperamental features and its effects on neural processing as assessed 

with fMRI. To our knowledge, this is the first demonstration of how temperament 

manipulation can change brain responses to infant signals. Our findings indicate 

that individuals with experiences of emotional maltreatment in childhood have 

reduced amygdala-middle frontal gyrus connectivity, which might explain why 

these individuals have problems with emotional regulation, are at risk for 

psychopathology (Alink, Cicchetti, Kim, & Rogosch, 2012; Felitti, 2002; Norman et 

al., 2012), and have more difficulty responding in a sensitive way to infant signals 

(Fuchs, Möhler, Resch, & Kaess, 2015; Marysko et al., 2010). Our findings point to 

a crucial role of the amygdala in the perception of infant signals and indicate that 

amygdala connectivity may be involved in mechanisms of transmission of child 

maltreatment. 

  



123 

 

 

Chapter 4 

From brain to behavior: a 

pilot study on the role of 

Inferior Frontal Gyrus and 

childhood maltreatment in 

shaping the behavioral 

response to infant crying 

 

 

De Carli, P., Bakermans-Kranenburg, M. J., Parolin, L., Lega, C., Cattaneo, Z., & 

van IJzendoorn, M. H. (in prep). From brain to behavior: a pilot study on the 

role of Inferior Frontal Gyrus and childhood maltreatment in shaping the 

behavioral response to infant crying.  
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Introduction 

The role of infant crying in fostering parental proximity and caregiving is 

well known and documented (Bowlby, 1969; LaGasse, Neal, & Lester, 2005; 

Soltis, 2004; Zeifman, 2001; Zeskind & Lester, 2001). From an evolutionary 

perspective, adult’s ability in identification and recognition of this child’s signals 

seems essential to enhance his own survival chances (Wells, 2003). Coherently 

infant crying is associated to a specific adult behavioral response defined by rapid, 

coordinated effortful movements (Parsons, Young, Parsons, Stein, & Kringelbach, 

2012). A physiological response is common in all adults, both parents and non-

parents as well as males and females (Frodi et al., 1978; Frodi & Lamb, 1980; 

Groh & Roisman, 2009), and the amplitude of the response is specific for infant 

crying in respect to non-crying sounds comparable for stress induction level 

(Murray, 1985; Tkaczyszyn et al., 2013). Research on brain correlates shows the 

role of interacting cortico-limbic networks in supporting parental responses to 

infants (Bos et al., 2010; Seifritz et al., 2003; J E Swain et al., 2014). 

Differences in neural responses to infant crying seems associated to 

different individual characteristic connected to maternal behavior. For instance 

mothers who reported higher maternal care in their own infancy show greater 

response in emotion regulation areas like the middle and superior frontal gyrus 

(Kim et al., 2010a). Insecurely attached women have a decrease in activation of 

amygdala, compared to securely attached ones (Riem et al., 2012). Depressed 

mothers hearing their own babies crying show less activation in nucleus caudate 

and accumbens, and thalamus, relevant areas in determining processes of 

maternal motivation (Landi et al., 2011; Laurent, Stevens, & Ablow, 2011). 

Unlike brain activation, differences in in physiological reactivity to infant 

crying have been found to be directly associated to the quality of parenting 

behavior (Joosen et al., 2013). Greater HR reactivity to infant crying has also been 

related to quicker and more adequate maternal responses to negative infant 

signals (Del Vecchio et al., 2009), which is a crucial aspect of maternal sensitivity 

(Ainsworth et al., 1974). Finally, from a polyvagal perspective (Porges, 2007), the 
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association between physiological reactivity and caregiving quality is confirmed in 

light of the finding that highly sensitive mothers had a greater increase in HR and a 

stronger RSA withdrawal in reaction to infant crying than less sensitive mothers. 

Interestingly, the perception of urgency of crying does not differ between the two 

groups (Joosen et al., 2013). Again adult attachment plays a role in predicting the 

physiological reactivity to infant crying (Ablow, Marks, Feldman, & Huffman, 2013; 

Groh & Roisman, 2009; Leerkes et al., 2014). 

Maternal differences in the perception of infant signals are crucial also 

because crying can elicit negative reactions in parents (Dix, Gershoff, Meunier, & 

Miller, 2004) and therefore represent a trigger of child abuse and neglect (Soltis, 

2004). Maltreating mothers differ from controls in response to infant crying both 

from a physiological and behavioral perspective: mothers at risk of abuse show 

higher heart rate (McCanne & Hagstrom, 1996) and maltreating mothers use more 

excessive force during a handgrip dynamometer task (Compier-de Block et al., 

2014) even if they do not report differences in the perception of crying.  

An important role in modulating responses to infant crying seems to be 

played by oxytocin, a neuropeptide implicated in parenting (Carter & Altemus, 

1997; Feldman, Weller, Zagoory-Sharon, & Levine, 2007; Insel, 1997; Strathearn 

et al., 2009) and also in the perception of infant crying (Riem, Pieper, et al., 2011). 

A randomized controlled trial showed the effects of intranasal administration of 

oxytocin on brain response to infant crying: reduced activation in the amygdala 

and increased activation in areas associated with empathy and mother–infant 

bonding like insula and inferior frontal gyrus (IFG) (Riem, Bakermans-Kranenburg, 

et al., 2011). The effect of oxytocin manipulation on a handgrip dynamometer task 

in response to infant crying was moderated by childhood experiences: only the 

participants who did not experienced harsh discipline in their childhood used less 

excessive force in the oxytocin condition (Bakermans-Kranenburg et al., 2012). 

This evidence points out the role of experiences in moderating the effects of 

oxytocin and confirms the complexity of the intersection between behavioral and 

psychophysiological factors (Bartz, Zaki, Bolger, et al., 2010; Bartz, Zaki, Ochsner, 
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et al., 2010; Huffmeijer, Tops, Alink, Bakermans-Kranenburg, & van IJzendoorn, 

2011; van IJzendoorn, Huffmeijer, Alink, Bakermans-Kranenburg, & Tops, 2011). 

Hence, the effects of oxytocin on adult brain during infant crying are known, 

as well as the effect on a behavioral level. A further question is about the direct 

link between the brain and behavioral processes. Does the mechanism that allows 

the behavioral change require specific brain activation? Is this brain modification 

responsible for the behavioral differences? In other words, the question refers to 

the possible role of brain functioning in the behavioral response to infant signals. 

Finally, can the moderating effect of harsh parenting be explained by differences in 

brain response? As Swain and colleagues (2014) specifically pointed out on their 

recent review on the biology of human parental attachment, more information on 

which neural mechanisms drive which behavioral outcomes is necessary to 

develop more effective and tailored interventions. 

Bakermans-Kranenburg and colleagues (2012) suggest a role of the 

increased activation of empathy related brain areas that, in association with 

reduced anxiety and aversion, could prevent the use of excessive force in 

response to infant signals. This hypothesis seems supported by the effect of 

oxytocin in enhancing empathy (Bartz, Zaki, Bolger, et al., 2010) and mind reading 

ability (Domes, Heinrichs, Michel, Berger, & Herpertz, 2007; Riem et al., 2014). 

Understanding the experience of the other person is crucial for a more attuned 

response and indeed the association with parental caregiving is theoretically 

relevant and empirically established. Ainsworth (Ainsworth et al., 1978) defined 

empathy as prerequisite of sensitivity, necessary to perceive, interpret and 

respond to infant signals, and the empirical evidences clearly support their 

correlation (Feldman, 2007; Gondoli & Silverberg, 1997; Leerkes, 2010).  

The brain area that could be implicated in this process is the inferior frontal 

gyrus, as highlighted by Riem and colleagues (2011), which is responsible for 

emotional (and not “cognitive”) empathy circuits in the brain (Shamay-Tsoory, 

Aharon-Peretz, et al., 2009) and for affective prosodic comprehension (Leitman et 

al., 2010). Moreover this area seems to play a role in mirror like processes (Kilner 
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et al., 2009; Rizzolatti & Sinigaglia, 2010) that support the embodied simulation 

hypothesis (Gallese & Sinigaglia, 2011). Keuken and colleagues (2011) found that 

disrupting Left Inferior Frontal Gyrus with TMS, but not vertex, decreased the 

performance in an emotion recognition task, and eliminated the suppression of the 

8–12 Hz EEG μ rhythm, a supposed index of mirroring activity. 

Mirroring system seems to play a relevant role in attachment theory 

because, since Bowlby’s first formulations, the mechanism that allows continuity of 

the relationship models across life span and across generations (Internal Working 

Models; Bowlby, 1969), is supposed to “simulate happenings in the real world, 

thereby enabling the individual to plan his behaviour with all the advantages of 

insight and foresight.” (Bowlby, 1988). In fact, the capacity of understanding 

children’s mental states is strongly related to children opportunity to develop a 

secure attachment (Koren-Karie, Oppenheim, Dolev, Sher, & Etzion-Carasso, 

2002; Meins et al., 2002; Oppenheim, Koren-Karie, & Sagi, 2001; Slade et al., 

2005). A focus on the role of mirror-like brain circuits implied in caregiving system 

could help to identify the link between mothers’ experiences of attachment and 

parenting behavior in order to shed light into the mechanism of intergenerational 

transmission of attachment. 

So far, no study has investigated the empathy hypothesis and specifically 

whether the IFG plays a selective causal role in the perception of infant crying. 

Brain stimulation may directly affect—in a controlled and reversible way—neural 

activity in a targeted region, shedding light on the causal role of that region in 

mediating a particular function/behavior. In this study, we want to use transcranial 

magnetic stimulation (TMS) to directly investigate whether the IFG plays a causal 

role in determining the force used by participants to squeeze a dynamometer 

during exposure to infant crying sounds. Moreover we want to test the effect of 

stimulation on a task to test the ability to implicitly discriminate between tired 

babies and crying babies (both auditory and visual stimuli), as indirect measure of 

mind reading inherent to the specific context of caregiving.  
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Hypotheses 

1. We hypothesize a causal role of rIFG in mediating the force used in 

response to the perception of infant cry. Specifically we expect that after the 

stimulation the dynamometer task reveals an increased use of excessive force in 

consequence of a reduction of empathy in the participant. 

2. We can hypothesize a role of caregiving experiences as a 

moderator in the previous effect: we propose that rIFG stimulation was less 

effective in participants who experienced harsh caregiving behavior during 

childhood. This could be probably due to a deficit in mind reading ability (Riem et 

al., 2014) that led to a compensatory effect of other cognitive abilities. However, 

this hypothesis is highly speculative therefore the hypothesis should be considered 

exploratory. 

 

Method 

Participants 

From the same preliminary sample of Study Two presented in Chapter 2, a 

subsample of 12 females were contacted and participated in the study in 

exchange for credits. Participants were selected from the first and the fourth 

quartile of the abuse distribution in order to obtain two groups, a high maltreatment 

group and a low maltreatment group. Moreover all participants were screened for 

TMS eligibility with these exclusion criteria: no left-handed as assessed by a 

standard test (Oldfield, 1971); no neurological problems and history of seizures as 

assessed by a specific questionnaire (Rossi, Hallett, Rossini, & Pascual-Leone, 

2011) to evaluate compatibility with TMS; no medications that could interfere with 

neuronal excitability. The study was carried out in accordance with the 

recommendations of the Declaration oh Helsinki and the approval of the Ethical 

Committee of University of Milano – Bicocca. All subjects gave written informed 

consent in order to participate. 
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Handgrip-force task 

To measure the force used in response to different auditory stimuli a hand 

dynamometer was used. The dynamometer (model TSD121C) weighed 315 g and 

was 185-mm long, 42-mm wide and 30-mm thick, with an isometric range from 0 

to 100 kg. Squeeze intensities (in kg) were transferred directly from the 

dynamometer to the AcqKnowledge software program (version 3.8; Biopac 

Systems, 2004). Matlab (version 7.8.0, Mathworks, MA, USA) was used to identify 

peak intensities for each squeeze. 

After arrival to the laboratory and the stimulation participants are asked to 

sit comfortably and to take the handgrip with their dominant hand. Then they are 

told that during the task they have to squeeze the handgrip as hard as they can 

and at 50% of their strength. Before the task they can practice as many times as 

they want with a feedback of the strength they use displayed on a monitor. When 

they think they are ready to start because they learnt to properly squeeze the 

handgrip, the monitor was directed away not to provide feedback anymore. Then 

the real task starts on a laptop with a Matlab script running (Brainard, 1997; 

Kleiner et al., 2007; Pelli, 1997). Participants had to wear headphones. Each trial 

was made of a brief presentation of the words “squeeze maximally” and 

subsequently “squeeze at half strength” after 2s. Between the trials participants 

were asked to stare a small cross in the middle of the screen. Two training trial 

were presented before the real experiment made of three different sound: cry 

sound, laugh sound and a control sound. The order of the blocks was randomized. 

Each block was made of four trials. The infant laughter sound (duration = 2 min, 

average fundamental frequency = 215.96 Hz, constant volume) and the infant 

crying sound (duration = 2 min, average fundamental frequency = 360.06, constant 

volume) from Groh and Roisman (2009) were used. The intervening time between 

full- and half-strength prompts was 2 s; the intervening time period between half-

strength and the next full-strength prompt was 25 s. Neutral auditory control 

stimulus from Riem et al, 2011 was used. It was created identical to the original 

auditory stimuli in terms of duration, intensity, spectral content, and amplitude 

envelope but lacking an emotional meaning. 
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To obtain an absolute measure of the force used, the half strength was 

divided by the maximum strength in order to obtain a composite score ranging 

from 0 to 1. Scores above 0.5 were interpreted as excessive force. In previous 

studies the number of times a participant used excessive force was used as 

outcome variable (Bakermans-Kranenburg et al., 2012; Compier-de Block et al., 

2014). In the present study, considered the small effect of TMS stimulation the raw 

scores of force used was considered, because thought as more sensitive. 

 

Childhood Trauma Questionnaire Short Form  

CTQ-SF (Bernstein et al., 1994, 2003a) is a measure of experiences of 

childhood abuse. Twenty-eight items were presented to assess experiences of 

physical abuse, emotional abuse, sexual abuse, physical neglect, and emotional 

neglect. Each item (e.g., “During my childhood I felt hated by family”) was rated on 

a 5-point Likert scale ranging from never true to very often true. In the current 

study we focused on the abuse subscales since they were expected to affect 

reactivity to infants with different temperaments. Therefore, an abuse scale was 

created (alpha = .73) by averaging the items tapping into the physical abuse, 

emotional abuse, and sexual abuse dimensions. 

 

Repetitive Transcranic Magnetic Stimulation (rTMS) 

rTMS was administered over the right Inferior Frontal Gyrus by means of a 

Magstim Rapid machine (Magstim Co Ltd, Whitland, UK) with a 70 mm butterfly 

coil. A fixed intensity of 60% of the maximum stimulator output was used, in line 

with prior studies (Campana, Cowey, Casco, Oudsen, & Walsh, 2007b; Ferrari et 

al., 2014). The right Inferior Frontal Gyrus was targeted in light of previous 

evidence pointing to a right lateralized processing of infant cry in Riem et al., 2011. 

rIFG was localized by means of stereotaxic navigation on individual estimated 

magnetic resonance images (MRI) obtained through a 3D warping procedure 

fitting a high-resolution MRI template with the participant's scalp model and 
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craniometric points (Softaxic, EMS, Bologna, Italy). Talairach coordinates for this 

site (x= -46, y= 14 z=1) were obtained from a previous fMRI study investigating 

neural correlates of processing of infant cry in Riem et al., 2011. The Vertex, 

corresponding to the median point of the nasion–inion line, was used as a control 

area. For each of the sites stimulated, 900 pulses were applied at a frequency of 1 

Hz (train duration 15 min). Previous studies have shown that rTMS ay 1 Hz 

temporarily reduces the excitability of the stimulated cortex for a time window that 

outlasts the period of stimulation (R. Chen et al., 1997b; Oliveri, Koch, Torriero, & 

Caltagirone, 2005b) 

 

Procedure 

When a participant arrives in the laboratory, is firstly screened for TMS 

contraindications. Then she’s asked to sit comfortably on the chair and the 

stimulation is performed (the stimulation site is randomly assigned, rIFG or 

Vertex). After the stimulation the participant performs the two tasks. The harsh 

discipline questionnaire is given to him to answer at home and to return it during 

the next visit to the lab. In the second visit the second stimulation (again IFG or 

Vertex) is performed and again the same tasks. 

 

Results 

To assess the effects of child abuse and maltreatment experiences we 

tested different two by two linear models, one for each type of sound: cry, laugh 

and control sound. This was due to the small sample size of this pilot study. Each 

model was made of the same random effects (intercept), fixed effects (stimulation 

site, rIFG or Vertex and group of high or low abuse), and outcome variable (Half 

Strength/Maximum Strength). Analyses were performed with R software (R 

Development Core Team, 2013) and more specifically lme4 package (D. Bates et 

al., 2015; D. Bates, Maechler, Bolker, & Walker, 2013) to test the linear mixed 

models, lmerTest package (Kuznetsova, Brockhoff, Haubo, & Christensen, 2014) 
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to compute standard errors and p values and ggplot2 package (Wickham, 2009) to 

draw the lots. In response to the control sound, no significant effect of stimulation 

site (F(1, 80.02) = 1.21, p = .27), maltreatment group (F(1,10.02) = 0.42, p = .53)  

or their interaction was found (F(1, 80.02) = 2.43, p = .12). In response to infant’s 

laugh, no significant effect of stimulation site (F(1, 80.02) = 0.96, p = .27), 

maltreatment group (F(1,10.02) = 0.37, p = .53) or their interaction was found (F(1, 

80.02) = 0.23, p = .63). On the contrary infant’s cry model showed not significant 

main effects of stimulation site (F(1,80.02) = 0.03, p = .86) and maltreatment group 

(F(1,10.02) = 0.09, p = .77) , but a significant interaction effect (F(1,80.02) = 4.87, 

p = .03). Then we tested the effect of stimulation site in the maltreatment groups, 

separately. Linear mixed models for this analysis had the same outcome variable 

and random effects of the previous models, but only stimulation site as fixed effect 

In the low maltreatment group, rIFG stimulation scores were statistically different 

from Vertex stimulation scores, b = -0.05, SE = 0.02, t(41) = -3.07, p = .004. In the 

high maltreatment group no differences were found between the scores of the two 

stimulation sites, b = -0.04, SE = 0.04, t(39.03) = 1.08, p = .28. Results of the 

infant’s cry condition are presented in Figure 4.1. 
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Discussion 

TMS stimulation of rIFG (compared to Vertex) yielded the expected effect 

of increasing the excessive force used in response to infant’s cry, but only in non-

maltreated participants. Even if we did not find a main effect of TMS in reaction to 

cry sound, results are consistent with our expectation of a smaller effect in 

maltreated participants. An important caveat is the preliminary stage of this 

research, to the point that we consider the present chapter only a pilot study. In 

fact, the sample size seems small to test a within/between model, even if the 

confirmation of the hypotheses is auspicious for the future results and confirms the 

solidity of the methodological approach. 

Figure 4.1. Strength used in squeezing the handgrip in response to infant crying. 
Strength variable is calculates as Max strength/Half strength. Error-bars represent 
the standard errors of the means. 
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Results confirm the causal role of rIFG in determining the behavioral 

response to infants crying in non-maltreated nulliparous females. Moreover, the 

pejorative effect of rIFg inhibition is specific for cry, compared with infant’s laugh 

and a control sound. Infant’s crying is an aversive stimulus with the specific 

evolutionary function of signaling infant’s distress and eliciting a parental response 

to children needs. The aversive nature of cry makes it very stressful to listen to 

and this feature is highly adaptive in order to increase the chances of a parental 

intervention to provide security in a dangerous world. On the other hand, as 

consequence of the highly stressing effect, crying is also considered a powerful 

trigger of abuse (Soltis, 2004). The excessive force used in squeezing a hand 

dynamometer has been found to be able to discriminate between maltreating and 

non-maltreating mother in response to infant crying (Compier-de Block et al., 

2014). Therefore, the present study shows that rIFg is able to buffer the negative 

consequences of listening to infant cry, even if only in individuals who have not 

experienced a harsh rearing environment during childhood. The psychological 

process associate to activation of rIFG is emotional (and not “cognitive”) empathy 

(Shamay-Tsoory, Aharon-Peretz, et al., 2009). Therefore, we suggest that non-

maltreated individuals are able to establish an empathic connection with the 

distressed infant and this process is probably responsible for the buffering of the 

excessive use of force. Intriguingly we did not find the same effect in maltreated 

females, suggesting that rIFg is not directly implicated in the cascade process that 

drives the brain processing to a behavioral response. At least not it is not 

implicated in a causal way. This is also an indirect confirmation of the role of rIFG 

in mediating the buffering effect of intranasal administration of oxytocin on the 

excessive force in response to infant cry (Bakermans-Kranenburg et al., 2012). An 

augmented effect of rIFG (Riem, Bakermans-Kranenburg, et al., 2011) could take 

part in the decrease of excessive force determined by oxytocin. Maltreated 

females seem not to be able to rely on rIFG to increase empathy toward the infant 

that is crying. Because their use of force is not significantly different from the non-

maltreated one, we could hypothesize that they rely on different processes, like a 

cognitive and not emotional form of empathy. This speculation obviously requires 

further research. In the perspective of intergenerational transmission of parenting, 
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we propose that maltreated mothers could be less attuned to their children and 

less able to establish an empathic connection with them (Fonagy et al., 2002). 

The relevance of rIFG in mirroring processes support another intriguing 

explanation based on the embodied simulation hypothesis proposed by Gallese 

(Gallese & Sinigaglia, 2011; Gallese, 2014). The buffering effect of IFG could rely, 

in fact, on the opportunity of “simulating other’s emotion” and therefore establish a 

connection. Gallese proposes that “internal representations of the body states 

associated with these actions, emotions, and sensations are evoked in the 

observer” (Gallese, 2009, p. 527). Since these processes are related to the born of 

intersubjectivity in children (Ammaniti & Gallese, 2014), childhood maltreatment 

could impair this ability, maintaining a sort of intergenerational stability of the 

deficit.  

These results are different from the one presented in Chapter 2 of a 

positive effect of rIFG stimulation in buffering the bias in responding to negative 

infant facial expression. In Chapter 2 study, TMS stimulation buffered a bias 

process, while in the present study TMS has a pejorative effect on the behavioral 

performance. We explain these differences in terms of the huge differences 

between the two different measurements. In fact, the studies differ for the nature of 

the stimuli (auditory vs visual) and the behavioral task (handgrip force vs approach 

avoidance task) and the outcome variable (Relative strength vs reaction times). 

Moreover, in Chapter 2 we found that the bias in processing sad faces is adaptive, 

at least at some point. Therefore, also in that study we could consider TMS effects 

as pejorative of the performance. Beside these differences, both studies report a 

negative association between abuse scores and the effect of TMS stimulation. 

This confirms the difficulty of accessing empathy processes in maltreated females 

due to a diminished role of rIFG. 

Limitations must be acknowledged. First, sample size seems inadequate in 

order to identify stable results because of the interaction effect between within and 

between effects. We consider this study as the pilot test before the real 

experiment.  Then the retrospective measure of childhood abuse implies a 
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memory bias, especially in highly emotionally domains as abuse. The self-report 

measure used in this study, however, is largely used for its sensitivity and show 

good psychometric properties. 

In sum, this study provides first empirical evidences of a buffering role of 

rIFG and empathy in the behavioral response to infant’s cry. This effect seems to 

be limited to non-maltreated individuals, but more research is needed to study the 

different network implicated in a sort of compensatory process. 
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Section 3 

Toward an emotion regulation 

model of intergenerational 

transmission of parenting  
 

 

 

 

 

 

 

Introduction to the section 

In this section, we present a review of the studies that focused on the 

effects of childhood early stress on adults’ neurophysiological processes related to 

parenting behaviors. We believe that the amount of evidences presented in the 

last decade, allows proposing a synthesis of the mechanisms involved in the 

intergenerational transmission of dysfunctional parenting. The interpretative key 

we used to understand the effects of harsh environment is rooted in an 

evolutionary approach. We present the basic concepts of Life History Theory in 

order to demonstrate that the dysfunctional effects due to growing up in a harsh 
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early environment are essentially part of an adaptive process that affect primarily 

the type of reproductive strategies and rearing offspring of the individual. The 

reason of this choice is that this theoretical framework allows a fruitful integration 

between retrospective studies based on self-report measures of the care received 

during childhood and adult attachment representation studies. In fact, this 

perspective has been extensively used to explain attachment (Belsky, 1997; Del 

Giudice, 2009; Simpson & Belsky, 2008, 2016) and intergenerational transmission 

of attachment (Belsky, 2005). Within this unique theoretical framework, evidences 

from the two research lines can be integrated by means of the same interpretative 

mechanism. Moreover, this approach seems very consistent with Bowlby very 

foundations of Attachment Theory, especially because the primary evolutionary 

purposes of attachment systems is the adaptation to the environment and the 

search for proximity and security on an innate base. Another nice feature of this 

approach is the predictive power of the hypotheses that it is able to generate. 

Probably the most impressive is the existence of the differential susceptibility 

phenomenon (Belsky & van IJzendoorn, 2015). However, these predictions do not 

usually rely on the mediators of the phenomenon they explain or predict, leaving 

space for other theoretical approaches to make hypotheses to integrate. In the 

case of intergenerational transmission of parenting the basic principle is that a 

harsh environment promotes reproduction strategies based on large offspring but 

low parental investment. Low parental investment means low parental sensitivity 

and the presence of few caregiving oriented behaviors. Harsh parenting during 

childhood will shape individual’s personality in order to determine a lower 

investment on parenting and enabling the transmission. Within this statement, 

each theory on human development can introduce its own specific interpretation 

on how this intergenerational continuity takes place. The hypothesis we are going 

to try to demonstrate in Chapter 5 is about the role of emotion regulation in 

bringing this strategy into reality. Therefore this perspective, even if deeply rooted 

into neuroscientific empirical evidences, does not close the door to more 

speculative interpretation of the phenomenon like the intersubjectivity approach 

(Ammaniti & Gallese, 2014; Stern, 1995b) or the a psychodynamic perspective on 

the mirroring maternal functioning (Fonagy et al., 2002; Winnicott, 1971). We are 



139 

not implying that Life History Theory represents a higher order theorization, but we 

think that its not applicative nature makes it flexible and usable in coordination with 

clinical approaches. 

With his well know pioneering attitude, Bowlby had already caught these 

very basic ideas in 1984 when he wrote on the American Journal of 

Psychoanalysis the article titled “Violence in the family as a disorder of the 

attachment and caregiving systems”. In this paper Bowlby present unregulated 

anger as the cause of family violence but also an adaptive behavior at some point, 

especially considering specific environment and situations. We report at the 

beginning of Chapter 5 a brief quotation from this paper that is particularly 

explanatory. 
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Chapter 5 

“A chip of the old block”: an 

evolutionary perspective on the 

neurophysiological mechanisms 

responsible for intergenerational 

transmission of dysfunctional 

parenting 

 

 

 

 

 

 

 

De Carli, P., & Parolin, L. (in prep). “A chip of the old block”: an evolutionary 

perspective on the neurophysiological mechanisms responsible for 

intergenerational transmission of dysfunctional parenting.  
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“It is within this evolutionary perspective that I believe we can understand 

how angry behavior between members of a family can often be functional. For, as 

I said earlier, in the right place, at the right time, and in the right degree, anger can 

serve to maintain these vitally important long-term relationships. But, as is very 

obvious, anger can be overdone. My thesis is simply that a great deal of the 

maladaptive violence met with in families can be understood as the distorted and 

exaggerated versions of behavior that is potentially functional, especially 

attachment behavior on the one hand and caregiving behavior on the other.” 

(Bowlby, 1984, p. 12) 

 

 

The early environment has a tremendous effect on children’s development 

and adults’ outcomes (Del Giudice, 2014; Ellis & Del Giudice, 2014; Franklin et al., 

2010; Kaufman & Charney, 2001; Teicher et al., 2003). In particular, the “maternal 

effect” (Bjorklund, 2006; Maestripieri & Mateo, 2009) is one of the most important 

sources of phenotypic and genotypic plasticity (Belsky & Pluess, 2013; Belsky, 

Jonassaint, et al., 2009) and promotes better adaptation to a specific context. 

When conditions are harsh, the effects become awful and the cost of adaptation 

becomes elevated. Early stress greatly highly affects all domains of children’s 

functioning and their trajectories of development, as well as modulating many 

processes in adulthood, including their caregiving abilities. Childhood context and 

experiences have a central role in shaping reproduction choices as well as 

parenting strategies (Bowlby, 1969; George & Solomon, 2008; Lomanowska et al., 

2015; Neppl et al., 2009; Simpson & Belsky, 2008). For instance, exposure to 

maltreatment or neglect is considered a risk factor for turning into maltreating 

parents (Dixon, Browne, et al., 2005; Widom et al., 2015; Zeanah & Zeanah, 

1989). This paper is aimed at expanding the comprehension of the 

intergenerational effects of dysfunctional parenting by providing an evolutionary 

conceptual framework to understand the neurophysiological mechanisms 

implicated. We are specifically interested in the intergenerational transmission of 
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parenting strategies for two main reasons: first, because of the developmental and 

social effects of parenting behavior and the central role that parenting strategies 

play within an evolutionary framework; and second, because of the powerful 

opportunity opened up by this process, in terms of interventions to prevent 

negative developmental outcomes. Interventions aimed at improving parenting 

abilities represent a unique occasion to break the intergenerational transmission of 

negative parenting behavior. The focus on neurophysiological processes comes 

from the need once the intergenerational effect has been established to explore 

the mediators and moderators of transmission with different levels of analysis. In 

particular, the research lacks an articulated comprehension of the mechanisms 

responsible for the transmission effects (Belsky, Conger, et al., 2009; Conger et 

al., 2009). We claim that the difficulties in designing effective interventions to 

prevent childhood maltreatment (Euser et al., 2015) come from a lack of specific 

hypotheses on the disrupted processes implicated and the possible ways to 

intervene. 

In sum, in this paper, we briefly present Life History theory (LH, Chisholm, 

1993; Del Giudice, Gangestad, & Kaplan, 2015; Figueredo et al., 2006; Simpson & 

Belsky, 2008; Stearns, 1992) as a framework to understand how different 

environments affect childrearing strategies and parenting behaviors. Then we 

define the concepts of intergenerational transmission, early stress and 

dysfunctional parenting, in order to then review the effects of early stress on 

parenting-related processes. In this part, we synthetize the studies reviewed and 

propose a deficit of emotion regulation as the mechanism responsible for 

intergenerational transmission. Finally, we discuss how these research advances 

can inform interventions aimed at breaking the transmission of dysfunctional 

parenting. 

 

Life History Theory 

Life history theory is an evolutionary approach in biology that explains how 

organisms invest resources into different activities during their lifecycle. Every 
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organism lives in an environment with finite resources: time, food, and energy are 

all finite. Thus, every individual’s choice is the result of a balance, or a tradeoff 

between different adaptation strategies. A classic example is the balance between 

bodily growth and reproduction: both are strategies to enhance evolutionary 

fitness, but producing offspring significantly decreases somatic growth. A better 

environmental adaptation consists of a good balance between the two polarities, in 

light of the contextual characteristics. In general, a definite strategy assures a 

better level of adaptation, compared to a non-definite one. 

Life history theory states that the primary trade-offs in individuals’ lives are 

current vs. future reproduction, quality vs. quantity of offspring, and mating vs. 

parenting effort. Delaying reproduction could allow individuals to be more prepared 

when offspring come and be more able to provide a safe environment. On the 

contrary, in a high-mortality environment, quicker reproduction should heighten the 

chances of gene transmission. Moreover, the choice between quality and quantity 

of offspring is based on the balance between high effort in raising a few 

descendants or low effort but many descendants. In a similar way, parental effort 

is considered adaptive: spending more resources on raising offspring should 

ensure more adaptation to the environment, but reduces individuals’ mating effort. 

Different choices in how to face these balances drive different life history 

strategies and result in different efforts in approaching developmental tasks. 

Environments play a key role in promoting specific strategies and trade-offs, 

depending on two basic characteristics: harshness and unpredictability 

(Brumbach, Figueredo, & Ellis, 2009; Ellis, Figueredo, Brumbach, & Schlomer, 

2009). In fact, short lifespan, high child mortality, and reduced parental investment 

are correlated with the early production of numerous offspring. These are called 

“fast” life history strategies. On the contrary, “slow” life history strategies are based 

on slow growth and late reproduction, and are correlated with long lifespan and 

high-quality but few offspring. In other words, slow strategies bet on a delayed 

reward in exchange for current effort and within a sufficiently safe and predictable 

environment, in order to reach the time to produce well-supported offspring. Fast 

strategies consider the advantages of short-term rewards and invest in numerous 
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offspring, in light of the high-risk context in which the effort to protect their 

descendants would be vain. 

The most relevant empirical support for this perspective comes from the 

confirmation of three predictions based on this model (Simpson & Belsky, 2008): 

parent–child positivity predicts delayed pubertal development (Ellis, McFadyen-

Ketchum, Dodge, Pettit, & Bates, 1999a; Graber, Brooks-Gunn, & Warren, 1995; 

Kim & Smith, 1998a; Steinberg, 1988), while parent–child conflict predicts earlier 

pubertal timing (Jorm, Christensen, Rodgers, Jacomb, & Easteal, 2004; Kim & 

Smith, 1998b; Mezzich, 1997; T. E. Moffitt, Caspi, Belsky, & Silva, 1992); finally 

stressful family relationships predict later pubertal maturation in girls (Ellis & 

Garber, 2000; Ellis, McFadyen-Ketchum, Dodge, Pettit, & Bates, 1999b). 

The environment seems to have a primary role in promoting fast versus 

slow life history strategies: by focusing on the effects of early stress on parenting-

related processes, we aimed to study the neurophysiological mediators of this 

evolutionary push.  

Small parental investment represents per se a harsh environment that 

requires specific adaptive strategies (Ellis & Del Giudice, 2014; Erickson, Egeland, 

& Pianta, 1989) and affects infants’ development. Because many of the next 

approaches will refer to the quality of the childhood experience as a moderator of 

parenting-related processes in adulthood, we have to specify the evolutionary 

perspective on childhood stress that we support, with some caveats. Starting from 

the assumption that a single behavioral strategy can be very adaptive to a specific 

environment and not to another one, it is unlikely that one single strategy will 

evolve because of natural selection. Then, a stressful environment can be 

considered as one of the possible contexts to which humans are programmed to 

respond. In this sense, development under stressful conditions must not be 

considered as a “simple” disruption of normal development, but as a strategy to 

face the context in which the development takes place (Del Giudice, Ellis, & 

Shirtcliff, 2011; Del Giudice, 2014; Ellis & Del Giudice, 2014). Empirical 

confirmations of this hypothesis include children’s ability to estimate environmental 
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states (Frankenhuis, Gergely, & Watson, 2013) and the evidence of the role of 

early stress in enhancing some cognitive abilities like memory and memory in 

stress situations (Bagot et al., 2009; Buwalda, Stubbendorff, Zickert, & Koolhaas, 

2013; Champagne et al., 2008; Frankenhuis & de Weerth, 2013). The important 

caveat is that, of course, a certain amount of early stress can lead to adaptive 

functioning, although this does not mean it has no consequences. Of course, 

children can have unspeakable experiences that can be very disruptive, leading to 

tragic consequences for their development.  

 

Intergenerational transmission of parenting 

The intergenerational transmission of parenting is a long-standing 

hypothesis within the developmental field. Many theoretical approaches have 

predicted it, such as attachment theory (Bowlby, 1969), social learning theory 

(Bandura, 1977, 1986), and life course theory (Elder et al., 2003). Different clinical 

approaches (Fontana, 1968; Selma Fraiberg et al., 1975; Galdston, 1965b; 

Kempe, 1973) have highlighted the intergenerational continuity of abusive 

behaviors, ever since the first seminal psychoanalytic work by Ferenczi (1933) on 

the “identification with the aggressor” and the effects of trauma on psychic 

development. The first empirical tests of the phenomenon were retrospective 

studies of maltreating adults who reported histories of abuse and neglect 

(Bleiberg, 1965; Blue, 1965; Fontana, 1968; Gibbens & Walker, 1956; Komisaruk, 

1966b; Melnick & Hurley, 1969; Steele & Pollock, 1968). These studies were likely 

to be affected by memory bias (Hardt & Rutter, 2004; Kaufman & Zigler, 1987; van 

IJzendoorn, 1992) as well as detection bias (Widom et al., 2015). To overcome 

these limitations, the first prospective studies on parenting transmission were 

designed in the 1980s. Quinton and colleagues (Dowdney et al., 1985; Quinton et 

al., 1984) focused on the parenting abilities of women reared in institutions as a 

consequence of negative parenting. Caspi and Elder (1988) prospectively 

assessed three generations: they directly assessed the parenting abilities of the 

first generation (G1) and the second generation (G2). In a risky sample, they found 
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an indirect but clear stability of parenting across the generations, mediated by 

aggressive behavior. Many other studies have confirmed the association, either 

directly (Bailey et al., 2009; Conger et al., 2003; Huesmann, Eron, Lefkowitz, & 

Walder, 1984b; Neppl et al., 2009) or through the mediating effect of antisocial 

behaviors (Capaldi et al., 2003; C. A. Smith & Farrington, 2004; Thornberry et al., 

2003). Chen and Kaplan (2001) also found warm parenting to be transmitted 

across generations, and the same results were confirmed by data from the 

Dunedin study (Belsky et al., 2005) and the Minnesota Longitudinal Study of Risk 

and Adaptation (Kovan et al., 2009). 

In sum, parenting is transmitted across generations, but the implicated 

mechanisms still need to be comprehended. Moreover, childhood rearing history 

accounts for approximately 15% of the variance in parenting (Belsky et al., 2005; 

Capaldi et al., 2003; Conger et al., 2003). This means that if some parents repeat 

their childhood experiences, many others do not. Mediational approaches do not 

solve this problem; therefore, moderating effects have to be studied in order to 

identify “lawful discontinuities” (Belsky, Conger, et al., 2009) in the 

intergenerational association. Only a few studies have focused on this specific 

topic, and more research is needed. Potential candidates identified by empirical 

approaches that could switch trajectories include good and supportive romantic 

relationships (Conger et al., 2012, 2013; Egeland et al., 1987; Quinton et al., 1984; 

Quinton & Rutter, 1984) and the differential susceptibility hypothesis effect (Beaver 

& Belsky, 2012), where the participants who carried the most plasticity alleles were 

more highly affected by the quality of maternal parenting, for better and for worse. 

We claim that the scarcity of moderating effects (Belsky, Conger, et al., 

2009; Conger et al., 2009) that can scratch the surface of the intergenerational 

effect is due to a lack of comprehension of the implicated mechanisms. Moreover, 

we lack even a theoretical model with which to make hypotheses on 

discontinuities, except for a GxE effect that seems to promising but is difficult to 

test because of the sample size required. We propose that the already impressive 

amount of neurophysiological effects (Lomanowska et al., 2015) can be used to 

propose new interpretative mechanisms able to generate new hypotheses. A shift 
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from macro to micro processes could also lead the intervention research toward 

up-to-date approaches to treat and prevent the transmission of harsh parenting. 

 

Intergenerational transmission of abuse and neglect 

The extreme consequences of the intergenerational transmission of 

parenting involve the transmission of maltreating behavior from one generation to 

the next. The association has been hypothesized for a long time, yet empirical 

investigations have not always been consistent. Many studies have found a 

significant effect of childhood experience (Berlin et al., 2011; Dixon, Browne, et al., 

2005; Dixon, Hamilton-Giachritsis, & Browne, 2005; Pears & Capaldi, 2001), while 

others have not (Renner & Slack, 2006; Sidebotham & Golding, 2001). A 

fundamental issue that can be raised is the quality of the empirical approaches to 

the topic (Ertem et al., 2000; Widom et al., 2015). In fact, using longitudinal vs 

retrospective studies and self-reported reports versus reports from child protective 

services can produce very different results. A recent study by Widom, Czaja, and 

DuMont (2015) significantly represents an improvement in methodology. It 

considers two 30-year longitudinal samples using both children self-reports and 

child protective services measures. This study found a significant association 

between parents’ maltreatment and risk of childhood neglect and abuse, but not 

physical abuse. However, it seems that a detection bias overestimates the 

continuity between generations when measured by child protective services: 

maltreated parents are more controlled than non-maltreated populations. This 

topic would benefit from a meta-analytic approach to try to resolve the situation. 

 

Dysfunctional parenting and neurocognitive mechanisms 

In this review, we do not directly report the effects of childhood experiences 

on dysfunctional parenting, but just on related processes. Starting from the 

evidence for the continuity of parenting behaviors across generations, we are 

more interested in lower-level processes that can shed light into the mediating and 
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moderating mechanisms. Thus, we could consider the target of the present review 

to be the mechanisms of dysfunctional parenting risk. The definition of 

dysfunctional parenting is also very broad: in every parenting-related task, it is the 

outcomes that seem to be less adaptive, negatively biased, or responsible for a 

negative effect on children. 

 

Emotion Regulation 

Emotions are highly adaptive mechanisms that allows us to interact with 

the environment. When individuals encounter a specific stimulus, they always 

determine (either implicitly or explicitly) its positive or negative valence, depending 

on the context and the individual’s goals. The cognitive, physiological, and 

behavioral response that arises from this evaluation is an emotion. Emotion 

regulation, as defined by Gross (Gross, 1998, 2013b), refers “to shaping which 

emotions one has, when one has them, and how one experiences or expresses 

these emotions” (Gross, 2013a, p. 6). Thus, the centrality of the emotion regulation 

concept in psychological functioning can be understood. Emotions represent a 

“whole body” phenomenon, and emotion regulation allows some grade of control 

to be exerted on the emotion-generative process, either consciously or 

unconsciously and with good or bad outcomes. From an evolutionary standpoint, 

emotion regulation has not been studied extensively, but it appears to be one of 

the mechanisms able to modulate the allocation of cognitive and bodily resources, 

in response to the environment’s demands (Worthman, 2009). Context 

characteristics direct individuals toward slower or faster LH strategies, through 

opportunities to invest resources into different tasks, which modulate their emotion 

regulation processes. Del Giudice (2015) described LH strategies in relations to 

self-regulation. Unpredictable environments incentivize patterns of impulsivity and 

inflexible feedforward control (e.g. fast strategies), while predictable environments 

request effortful control and a balance between feedforward and feedback 

regulation (slow strategies). Emotion regulation could work in a similar fashion: the 

attentional costs of monitoring an unpredictable environment imply fewer 
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resources available for the appraisal phase of emotion regulation (Gross, 2013a), 

which is underinvested in order to promote a faster response to the stimulus. If 

stimuli are likely to be threats, a quicker response is preferable, even 

independently from the response per se. A more predictable environment favors 

the investment of resources into the cognitive change during the appraisal phase 

of emotion regulation, allowing a greater modulation of the emotion response. This 

could be how emotion regulation represents a mechanism of differentiating 

individuals’ LH strategies. In the parenting perspective, we could hypothesize that 

a parent who has experienced childhood maltreatment will be less attuned to an 

infant because the distressing feature of his/her signals will be perceived as a 

threat and there will be no efforts to appraise the negative effects of the stimulus. 

Then, the response will be quicker and unregulated, and not modulated by the 

infant’s specificity. This, in turn, will lead to less involvement in the care process 

and less reward from it, or in other words, a fast LH strategy. 

Neurophysiological evidence shows that parenting affects different 

domains of neurocognitive functioning in adulthood. More specifically, a recent 

review by Lomanowska and colleagues (2015) identified three different 

psychological domains that mediate the intergenerational transmission of 

parenting: perceptual responsiveness, executive functions, and emotional 

functioning. We hypothesize that each of these domains contributes to the broader 

concept of emotion regulation. In fact, perceptual responsiveness contributes to 

the attention stage when selecting relevant cues. The association between 

impulsive-inattention behaviors and dysfunctional parenting has been proven 

(Mandy Chen & Johnston, 2007; Johnston, Mash, Miller, & Ninowski, 2012; T. 

Moffitt, Poulton, & Caspi, 2013). Emotional processing and executive functions are 

involved in the emotional appraisal process, when the emotion is evaluated and a 

behavioral response is selected. If the study of executive functions in parenting is 

still at an early stage (Rutherford, Wallace, et al., 2015), the association with 

emotional functioning will be much more certain (Lupien, McEwen, Gunnar, & 

Heim, 2009; Morgan, Shaw, & Forbes, 2014a; Rutherford, Wallace, et al., 2015; 

Santona et al., 2015) 
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Role of childhood experiences in moderating parenting related 

processes during adulthood 

In this section, we essentially review retrospective studies, because to our 

knowledge, just two prospective studies (Boecker et al., 2014a; Morgan, Shaw, & 

Forbes, 2014b) have assessed the association between early childhood 

experiences and basic processes, as presented here (Kim et al. (2015) relies on 

longitudinal data, but they assess childhood poverty and directly assess the quality 

of childhood experiences). In these studies, the subjects reported childhood 

experiences, essentially through self-reports and questionnaires. The limitations of 

this approach are discussed in detail later in this paper. Subsequently, we report 

studies that focus on attachment representations as moderators of parenting-

related domains. Attachment categorization is not, per se, a measure of the quality 

of childhood experiences, because it does not directly assess the quality; rather, it 

focuses on the current representation toward attachment experiences. However, 

while insecure individuals have reported negative childhood experiences (Main et 

al., 1985; Stovall-McClough & Cloitre, 2006), it is not obvious that secure subjects 

had experienced good-quality care. The ability to coherently describe attachment-

related situations discriminates between the security and insecurity of attachment 

representations (Bakermans-Kranenburg & Van IJzendoorn, 1993; Bakermans-

Kranenburg & van IJzendoorn, 2009b; Hesse, 2008; Main et al., 1985; Roisman, 

Padron, Sroufe, & Egeland, 2002). 

We are interested in papers implying tasks that directly refer to parenting 

abilities. More specifically, we selected studies that directly refer to parenting-

related tasks (e.g. using infant stimuli like infants’ faces or crying) or 

neurophysiological networks that are intrinsically connected to parenting behaviors 

(i.e. oxytocin system). Within these latter domains, studies with direct measures of 

parenting-related tasks are highlighted. 
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Early childhood effects on parenting related neurophysiological 

processes 

In this section, we review the literature on the role of early childhood 

experience in shaping parenting related processes. Different paragraphs refer to 

different domains of effects, all directly connected to caregiving. 

 

Early stress 

In this review, we will basically refer to early stress experiences as every 

form of negative experience during childhood. We decided to reduce the selection 

of the paper based on this criterion in order to not lose precious information. These 

differences represent a limitation that we discuss later in detail, but the specific 

operationalization of the concept will be presented for each of the main papers we 

reviewed. Our primary interest is to study the role of the kind of parenting style 

experienced by subjects, but restricting the selection of the papers to only those 

on parental effects could be very incomplete, in terms of the current literature. We 

consider each possible indicator of a harsh environment, but the impact of the 

differing operationalization of the early stress variable on development is of course 

a primary source of incongruence between the studies. Finally, in line with this 

statement, we also consider poverty as an indicator of early stress because 

individuals growing up in poverty are more likely to experience harsh parenting, 

including maltreatment (Bradley & Corwyn, 2002; K. E. Grant et al., 2003; 

Hackman & Farah, 2009). In general, the effects of early life adversity on 

children’s and adults’ physical and emotional health are well known (for reviews 

see: Evans et al., 2015; Gee, Ro, Shariff-Marco, & Chae, 2009; Holz et al., 2015; 

Kida et al., 2013; Krugers & Joëls, 2014; Nusslock & Miller, 2015; Tost et al., 

2015). 
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Moderating effects of childhood experiences on brain correlates of 

parenting related tasks 

Early stress modulates both architecture and functionality of brain 

development in humans with long lasting effects in adulthood (e.g. Belsky & de 

Haan, 2011b; Evans et al., 2015; Krugers & Joëls, 2014; Pechtel & Pizzagalli, 

2011), so it is likely to be one of the primary mediators of parenting 

intergenerational transmission. Just a limited number of studies directly focused on 

the role of childhood experiences in shaping brain activation during parenting 

related tasks. Kim and colleagues (2010b) studied the effects of reported quality of 

maternal care in childhood on brain structure and functionality in mothers during 

the first month of postpartum. Mothers with higher scores on the quality of their 

own childhood care showed greater grey matter volume in superior and middle 

frontal gyri, orbital gyrus, superior temporal gyrus and fusiform gyrus. Authors 

proposed an explanation of these differences based on the brain circuits involved 

in emotionally salient stimuli processing (i.e. middle temporal gyrus, superior 

temporal sulcus and middle frontal cortex). Then mothers who perceived a better 

quality of care in their childhood could be more attuned and able to respond 

sensitively to their children. Decreased volume of orbital gyrus could represent a 

difficult in processing social and emotional information. Moreover, brain activation 

in response to infant crying was assessed. Mothers reporting higher scores of 

maternal care during childhood showed higher activation in the subsequent areas: 

middle frontal gyrus, superior temporal gyrus and fusiform gyrus, while the other 

group showed an enhanced hippocampal activation. This could mean that mothers 

who perceived a better quality of care could be more able to interpret others’ 

mental states, while the hippocampal activation in the other group could be 

implicated in stress response because able to regulate the hypothalamo-pituitary-

adrenocortical (HPA) axis. Thus, more adverse experiences during childhood 

could be related to heightened stress reactivity in hippocampus and then in the 

HPA axis, leading to a difficulty in showing adequate maternal sensitivity towards 

their children. The association between functional activation and structural 

changes in the parietal lobe could represent a cue of the enhanced negative 
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emotion regulation ability in the high quality care mothers. Contrary to 

expectations, no differences between groups in amygdala functionality or structure 

has been found. 

Kim and colleagues (2015) studied the role of social inequalities in shaping 

neural processes during the perception of cry sounds in young adults. A 

prospective analysis of poverty was used to predict brain activation. While no main 

effects of poverty were found, a gender by childhood interaction was revealed. 

Females who grew up in poverty showed enhanced activity in areas involved in 

negative emotional information processing (posterior insula, striatum, calcarine 

sulcus, hippocampus and fusiform gyrus). On the contrary, males who grew up in 

poverty showed reduced neural activity in the same areas during infants cry. This 

suggests that social inequalities influence more negatively females than males in 

terms of neural responses to infants. A possible explanation based on an 

evolutionary perspective could be that females are more sensitive to changes in 

the environment for what concerns caregiving processes, in light of their greater 

investment on caregiving (Del Giudice, 2009). 

 

Emotional processes 

This paragraph does not describe effects of early stress on direct parenting 

related tasks, but the role of emotion in parental care is obviously primary and 

cannot be avoided. Thus here we review the brain based emotion processes 

moderated by early experience. 

Effects of early stress on brain architecture are controversial. Compelling 

evidences support both an increasing and decreasing effect of early stress on 

amygdala volume. On one hand, it seems that animal models support a greater 

amygdala volume after early stress through an enhanced dendritic spine density in 

rodents (Bennur et al., 2007; A Vyas, Pillai, & Chattarji, 2004; Ajai Vyas, Bernal, & 

Chattarji, 2003). This is also confirmed by humans studies (Evans et al., 2015; 

Mehta et al., 2009; Pechtel et al., 2014; Tottenham et al., 2010). On the other 

hand, other researchers hypothesize the opposite effect, understandable in light of 
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apoptosis of amygdala cells (Ding, Han, & Shi, 2010) and found it in humans 

(Hanson, Nacewicz, et al., 2015; Hodel et al., 2015; Rifkin-Graboi et al., 2015). We 

do not discuss this debate here. On the contrary maltreatment is clearly 

associated with smaller hippocampal volume (Riem et al., 2015), confirming a 

dysfunctional stress reactivity because of the central role of hippocampus in 

modulating the Hypothalamic-Pituitary-Adrenal axis. This could be responsible in 

turn of a disrupted emotion regulation network. Moreover childhood emotional 

maltreatment is associated to smaller medial prefrontal cortex volume (Arnsten, 

2009; Lupien et al., 2009; van Harmelen et al., 2010), confirming a decreased 

dimension of regulating areas. A smaller development of brain areas involved in 

downregulating emotions could play and adaptive role in harsh environment where 

emotions play an important role in providing quick responses to threats. 

Moving to brain activation and functional connectivity, it is well established 

that facial expression presentation results in enhanced amygdala reactivity in 

children (Tottenham et al., 2011) and in adults (Dannlowski et al., 2012, 2013; 

Evans et al., 2015; McCrory et al., 2011, 2013; Redlich et al., 2015; Taylor, 

Eisenberger, Saxbe, Lehman, & Lieberman, 2006; van Harmelen et al., 2012) 

reporting high scores of early adversity. For what concerns amygdala-prefrontal 

cortex connectivity, one of the most important circuits for emotion regulation in the 

brain, early stress seems responsible for an earlier maturational process of the 

pathway (Gee et al., 2013; Tottenham, 2012, 2015), as a form of ontogenetic 

adaptation to adversity. For the same reason, children with early maternal 

deprivation have indiscriminate amygdala response to mothers and strangers 

(Olsavsky et al., 2013). Anyway also in this field more research is needed and 

theoretical models are required to assess the complexity of the findings reporting 

both increased and diminished connectivity (Cisler et al., 2013; Dean, Kohno, 

Hellemann, & London, 2014; Herringa et al., 2013; Jedd et al., 2015; Thomason et 

al., 2015; S J A van der Werff, Pannekoek, et al., 2013b). However, irrespectively 

of the direction of the effect, the common result of these studies is the disrupted 

functional connectivity samples with early stress, suggesting a specific deficit in 

emotional regulation that is the high level strategy to connect different parts of the 
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emotion processing network. In fact a study found hypoactive functioning of the 

medial prefrontal cortex, even controlling for volume differences, during higher 

order emotional stimuli processing like encoding and recognition of emotionally 

related words (van Harmelen et al., 2014). 

Emotion regulation concept plays a well-established role in shaping 

maternal sensitivity. In fact maternal emotion regulation has been studied as a 

predictor of parenting ability (Crandall et al., 2015; Killeen & Teti, 2012; Lotzin, 

Schiborr, Barkmann, Romer, & Ramsauer, 2015; Mazursky-Horowitz et al., 2015; 

McCullough, Han, Morelen, & Shaffer, 2015; Morelen, Shaffer, & Suveg, 2014; 

Rutherford, Wallace, et al., 2015; Sarıtaş, Grusec, & Gençöz, 2013), but also as a 

direct predictor of children outcomes (Are & Shaffer, 2015; Bariola, Gullone, & 

Hughes, 2011; Han & Shaffer, 2013; Jones et al., 2014; Pat-Horenczyk et al., 

2015; Samuelson, Krueger, & Wilson, 2012). Finally emotion regulation is 

associated with adult early stress experiences (Curtis & Cicchetti, 2011, 2013; Kim 

& Cicchetti, 2010; Pollak, 2008) and it has been found to be a predictor of the risk 

for mothers to engage in childhood maltreatment (Fontaine & Nolin, 2012; 

Skowron, Kozlowski, & Pincus, 2010). In order to study brain correlates and neural 

mechanism of early stress effects on emotion regulation, researchers focused on 

different paradigms to induce and measure emotion regulation processes. In the 

next review of papers differences between tasks has to be taken into account to 

explain and understand each portion of results. 

Tottenham and colleagues (Tottenham et al., 2010) found an atypically 

greater amygdala volume and difficulties in emotion regulation measured with an 

emotional go/no go task in prolonged institutionalized children. They report a trend 

for the correlation between amygdala volume and number of errors in the blocks of 

the task where a negative face was the distractor during the recognition of positive 

faces. This suggests an interfering effect of potential threats probably due to the 

exaggerated amygdala functionality. A state of hypervigilance in stress situations 

(van Marle, Hermans, Qin, & Fernández, 2009) could be adaptive for maltreated 

children in order to detect environment threats but it could cost a lower investment 

on higher cognitive processing of emotionally relevant signals, like infants 
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emotional states. In fact, neglectful mothers show a brain failure in early 

discriminating infants’ signs as pictures of infants’ cries laughs and neutral faces 

(León et al., 2014; Rodrigo et al., 2011). In addition, the specific interference effect 

of negative stimuli is consistent with this speculation because a higher rate of false 

negative is more adaptive in a harsh environment. 

Lee and colleagues (2015) used a gender identification task with emotional 

faces during fMRI scan to study the role of previous verbal abuse in shaping brain 

correlation of emotion regulation in adolescence. Subjects were instructed to 

identify if the face on the screen was a male or a female without focusing on 

emotion expression. During negative emotional faces were presentation, right 

amygdala activity and functional connectivity with the rostral anterior cingulate 

cortex were associated with verbal abuse experiences scores.  

Marusak and colleagues (2015) asked 30 children and adolescents to 

perform a task during fMRI session based on the instruction of identifying the 

expression of the stimuli ignoring an overlying emotion word. Nearly half of the 

sample had been exposed to trauma and the other half was matched for IQ, age 

and sex. Trauma exposed children showed less activation of dorsolateral 

prefrontal activity and failure to engage amygdala pregenual cingulate inhibitory 

circuit, in addition to greater amygdala response to emotional conflict and reduced 

emotion regulation.  

Other studies operationalized emotion regulation as the performance of 

slightly different version of a task based on emotional stimuli presentation while 

participants were requested to downregulate (or reappraisal) their arousal or not to 

do it. Kim and colleagues (2013) designed a perspective study to test the effect of 

poverty at 9 years old on emotion regulation processes at 24. Results showed a 

failure in suppressing amygdala activation and less activation of ventrolateral and 

dorsolateral prefrontal cortex in participants with low-income family at 9 and no 

effect of adult income. Moutsiana and colleagues (2014) showed the predictive 

power of attachment insecurity at 18 months of life on adult brain correlates of 

emotion regulation 20 years later. During the attempt to up-regulate positive 
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emotions, previously insecure attached children showed a greater activation in 

prefrontal regions and reduced co-activation of nucleus accumbens and prefrontal 

cortex, suggesting a lower ability in regulating positive emotions. In contrast with 

these studies Schweizer and colleagues (2015) found that the exposure to 

moderate childhood adversity can have an enhancing effects on regulation ability 

of negative and positive emotions. This was correlated to a reduced recruitment of 

emotion regulation brain areas during the regulation process, specifically prefrontal 

cortex and temporal gyrus. However, even if results are compelling, they actually 

confirm the importance of the environment where individual develop and face 

stimuli. Emotion regulation is enhanced in individuals who experiences a low level 

of negative emotions, but it is probably not so not useful in totally safe 

environments. On the contrary, in harsh environments emotion regulation is less 

adaptive because high negative arousal is useful to protect from threats and 

positive arousal means wasting resources. 

Taken together these results are consistent with LH because harsh 

environments requires a fast lower levels of analysis of threats like the ones 

represented by angry faces, but can more safely afford to save resources during 

cognitive processing. This could be one of the brain mechanisms underlying the 

choice of fast LH strategies in rearing offspring: early adversity differences in 

processing emotional stimuli could be responsible for the less attunement between 

parent and children interactions.  

 

Reward processes 

Animal literature shows how one of the key processes in shaping and 

determining parenting behavior is a specific motivation circuit based on dopamine 

and oxytocin systems (Numan & Woodside, 2010; Robinson, Zitzman, & Williams, 

2011) that allows the preference and the high responsivity toward infant stimuli 

(Kringelbach et al., 2008). Hedonic responses and approach motivation are parts 

of the reward system in humans (Berridge & Kringelbach, 2008). Reward 

processes involve frontostriatal areas, in particular the orbitofrontal cortex, nucleus 
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accumbens and basal ganglia (Born et al., 2011; Galvan et al., 2005; Knutson & 

Cooper, 2005). Many evidences show the central role of reward system in 

maternal behaviors and processing of infant stimuli (Kringelbach et al., 2008; J E 

Swain et al., 2014). More specifically, happy infant faces (but not sad) activate 

reward related areas (Strathearn et al., 2008) and the overall rewarding effect of 

infants’ faces is moderated by cuteness of the baby (Glocker, Langleben, Ruparel, 

Loughead, Valdez, et al., 2009) or small abnormalities of the baby (Parsons et al., 

2013). These effects show the specificity of adult brain in processing infant stimuli. 

The sensitivity to changes in infants’ faces could probably support an evolutionary 

interpretation: a process of natural selection could disfavor infants carrying 

anomalies because probably ill or sick. Parenting resources represent a better 

investment when directed to offspring more likely to survive. 

Childhood negative experiences seem to alter the normative functionality of 

the brain reward system, especially in monetary incentive delay task (Boecker et 

al., 2014b; Dillon et al., 2009; Guyer et al., 2006; Hanson, Hariri, & Williamson, 

2015; Mehta et al., 2010; Morgan et al., 2014b; Whittle et al., 2009). Besides, a 

study found that maternal parenting behavior measured when the children were 3 

years old predicted children ERP reactivity during a monetary reward task during 

mid- to late childhood (Kujawa, Proudfit, Laptook, & Klein, 2015). 

These studies do not directly approach the rewarding brain system in 

association with parenting related tasks, but it the hypothesis of a role of early 

childhood experiences in shaping caregiving rewarding processes seems 

consistent with the literature. Moreover, a blunted reward system could represent 

a powerful mechanism associated to the execution of fast strategies: considering 

infants less rewarding allows less parental investment on the offspring. 

Recently an intriguing and challenging hypothesis was formulated, in order 

to explain the complexity of the childhood adversity effects on physical and 

emotional health across the lifespan. The proposed mechanism is a neuroimmune 

network, where early life adversity enhances the interplay between peripheral 

inflammation and neural circuits involved in threat, reward and executive control 
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processing (Nusslock & Miller, 2015). Authors effectively propose the combined 

role of enhanced amygdala threat sensitivity (through cytokines) and reduced 

basal-ganglia reward sensitivity (through risky behaviors) in increasing and 

maintaining low grade peripheral inflammation. Moreover, a role of prefrontal 

cortex is implicated in mediating early adversity and executive control deficit, 

which affect threat and reward sensitivity through voluntary emotion regulation 

(Gianaros, Marsland, Sheu, Erickson, & Verstynen, 2013; Hanson et al., 2012). 

This hypothesis is not directly related to maternal or parenting behaviors, but we 

argue that the depth of the investigation and the ability of integrating research and 

generating hypothesis makes it useful also within the field of our interest. In 

particular we believe that this highlights that the effects of early stress on 

individuals are not supposed to be considered domain specific but need a process 

of integration. Thus, in maltreated parents, the vicious circle of enhanced threat 

sensitivity and blunted reward sensitivity has to be considered to understand the 

complexity of the network. 

 

Early adversity as moderator of oxytocin effects on parenting related 

tasks 

Quality of childhood experiences is one of the multiple mediators of the 

complex OT effects on brain and behavior. In particular early experiences seem to 

moderate the well-known effect in attenuating cortisol and behavioral responses to 

psychosocial stress (Ditzen et al., 2009; Heinrichs, Baumgartner, Kirschbaum, & 

Ehlert, 2003; Linnen, Ellenbogen, Cardoso, & Joober, 2012; Quirin, Kuhl, & 

Düsing, 2011). Adult men with early parental separation show a reduction of the 

suppressing effect of OT on cortisol levels (Flanagan, Baker, McRae-Clark, Brady, 

& Moran-Santa Maria, 2015; Meinlschmidt & Heim, 2007), suggesting an altered 

OT sensitivity during exposure to acute psychosocial stress. The neural 

mechanism implicated seems to be an interaction between early life stress and OT 

administration to predict limbic system activation (Grimm et al., 2014). More 

specifically childhood negative experiences modulate the amygdala – anterior 
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cingulate cortex resting state functional connectivity and OT could mediate this 

effect only in adults with lower levels of early stress (Fan et al., 2014). 

Taken together, all these evidences are absolutely consistent with the 

“social salience hypothesis” of OT (Bartz, Zaki, Bolger, & Ochsner, 2011; Shamay-

Tsoory & Abu-Akel, 2015; Weisman & Feldman, 2013): OT regulates the salience 

of social cues through the interaction with the dopaminergic system, depending on 

both contextual and individual differences. Weisman and Feldman (2013) 

proposed the role of nucleus accumbens area in increasing the reward value of 

social stimuli together with their salience. In fact OT effects seems to be mediated 

by its influence on dopaminergic pathways, more specifically the mesolimbic 

ventral tegmental area (Groppe et al., 2013): OT effect on the ventral tegmental 

area leads to increased dopamine release in the nucleus accumbens (Skuse & 

Gallagher, 2009). The importance of reward area in parenting behavior is 

highlighted in the specific paragraph, with many references (e.g. Atzil et al., 2011; 

Atzil, Hendler, & Feldman, 2014; Glocker, Langleben, Ruparel, Loughead, Valdez, 

et al., 2009; J E Swain et al., 2014). 

Irrespective of the mechanism implicated in this process, a key role is 

played by childhood experience, since the consistent findings that many positive 

OT administration effects are substantially diminished or lacking in individuals who 

experienced early stress (Bakermans-Kranenburg & van I Jzendoorn, 2013; 

Bakermans-Kranenburg et al., 2012; Feeser et al., 2014; Riem, Bakermans-

Kranenburg, et al., 2013; Riem et al., 2014; Riem, van IJzendoorn, et al., 2013; 

van IJzendoorn et al., 2011). This could be interpreted as an effect of early stress 

on functioning of OT system, probably at the level of OT receptors. Because of the 

central role of OT in determining the salience of social stimuli, this could be one of 

the mechanisms implied in shaping the attention bias to threat in maltreated 

children (Pine et al., 2005) and all the consequences in terms of adaptation to the 

environment. In fact, in an environment characterized by lack of resources, a 

prosocial effect of enhanced OT (e.g. during breastfeeding) could be dangerous, 

while an enhanced aggressive behavior could represent an advantage for 

adaptation (DeWall et al., 2014; Shamay-Tsoory, Fischer, et al., 2009). 
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To our knowledge, just two studies directly targeted the role of childhood 

experiences as moderator of OT administration on parenting related basic 

processes. The first one studied the effect of OT on the strength participants used 

to squeeze a handgrip dynamometer while listening an infant cry sound, an infant 

laugh sound. Handgrip force is considered associated to parenting behavior 

(Crouch et al., 2008) and infant crying is considered a trigger of violent shaking of 

the baby (Barr et al., 2006). In a sample of females, after a double blind OT 

administration, only participants with low scores of harsh parenting experiences 

decreased the force used during infant crying sounds. Moreover maltreating 

mother exert more excessive force than the control group while listening to infants’ 

sounds (Compier-de Block et al., 2015). This confirms the predicting power of the 

handgrip measure in discriminating between potentially abusive mothers, but OT 

administration seems not to be able to affect this process. Clearly, OT is 

implicated in the epigenetic process that leads from an abusive environment 

during childhood to a potentially abusive behavior in adulthood, but its role 

requires more attention from the researchers. 

The other double blind randomized (but between subject) trial focused on 

the effects of OT administration on the memory for infant cues (Bhandari, van der 

Veen, et al., 2014). After a procedure aimed at manipulating perceived 

temperament of a set of infants’ pictures (Parsons, Young, Bhandari, et al., 2014), 

participants were asked to recognize the happier infant in a pair of infant faces. 

Results show that participants with higher scores of childhood emotional 

maltreatment are less accurate in selecting the happier baby after OT 

administration. Authors propose two different explanation of the underlying 

mechanism of this effect. One possibility is the increased amygdala activity elicited 

by emotional stimuli in maltreated individuals (van Harmelen et al., 2012) which 

could be counterbalanced by OT effect on amygdala activation when infant stimuli 

are presented (Riem, Bakermans-Kranenburg, et al., 2011). The other explanation 

is more consistent with the social salience hypothesis and relies on ability of OT of 

decreasing the cortisol responses to stressful cues, which in turn could change the 

reactivity to emotionally relevant infant faces and finally impair memory processes 
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(Smeets, Otgaar, Candel, & Wolf, 2008). This effect could suggest a role of OT in 

decreasing aversion toward distressed infant in potentially abusive adults, but the 

effects on parental sensitivity and brain mechanisms implicated remain largely 

unknown. 

Studying endogenous levels of OT, the enhanced OT levels effect in facing 

stressful situation is quite controversial (Meyer-Lindenberg, Domes, Kirsch, & 

Heinrichs, 2011). It seems pretty clear in animal models (e.g. Neumann, Wigger, 

Torner, Holsboer, & Landgraf, 2001) while in humans results are less consistent. 

Some studies found increased levels of OT after stressful stimuli (G. Sanders, 

1990; Seltzer, Ziegler, & Pollak, 2010; Tops, van Peer, & Korf, 2007) and also an 

association between OT levels and stress perceived in participants’ relationships 

(Taylor, Gonzaga, et al., 2006). However, the principal disagreement between the 

studies is the effect on OT of the Trier Social Stress Test (Kirschbaum, Pirke, & 

Hellhammer, 1993). Many studies failed to find an increased OT response after a 

stress inducting task like the TSST (Altemus et al., 2001; Cyranowski et al., 2008; 

Taylor, Gonzaga, et al., 2006), while more recently some found the expected 

results (Jong et al., 2015; B Pierrehumbert et al., 2010). 

Moreover, the moderating role of early stress experiences seems essential. 

General OT concentration appear to be lower in individuals who experienced early 

life stress (Crowley, Pedersen, Leserman, & Girdler, 2015; C Heim et al., 2009; 

Mohiyeddini, Opacka-Juffry, & Gross, 2014; Opacka-Juffry & Mohiyeddini, 2012). 

On the other hand strong early life threats predict enhanced plasma OT levels 

after a stressful situation in women (B Pierrehumbert et al., 2010), which could be 

interpreted as an emotional hyperregulation. Fries and colleagues (Fries, Ziegler, 

Kurian, Jacoris, & Pollak, 2005) found that adoptees with a history of 

institutionalization showed lower OT after interaction with their mothers. The same 

moderator effect of maltreatment on OT response to induced stress has been 

found also in girls (but not in boys) during middle childhood: they showed higher 

endogenous salivary OT levels (while cortisol levels were lower) after an 

experimentally induced stressor (Seltzer, Ziegler, Connolly, Prososki, & Pollak, 

2014). Finally early stress interact with genetic variables: adult emotional deficits 
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are predicted by the interaction of childhood abuse and OT receptor nucleotide 

polymorphism (rs53576) (Bradley et al., 2011) and the OXTR A-allele carriers 

interacts with early stress to predict heightened amygdala activation during the 

exposure to environmental cues (Marusak, Furman, et al., 2015). 

Taken together, this complex summary of the role of endogenous OT on 

stress regulation directly refers to parenting processes: for instance, mothers (but 

not fathers) showing difficult interactions with their infants showed an association 

between urinary OT and relationship anxiety and parenting stress (Feldman et al., 

2011). Moreover, all this evidences are consistent with the idea that the complex 

epigenetic pathway that connects early life stress to parenting strategies relies on 

the OT role in shaping stress regulation. The stress inducted experimental 

manipulation is still far from the complexity of the emotion regulation processes 

that determines children’s socio-emotional development, but this field of research 

seems promising, even if challenging. One study directly targeted the complex 

interplay of childhood experiences, OT and emotion regulation. Bhandari and 

colleagues (Bhandari, Bakermans-Kranenburg, et al., 2014) found a mediating role 

of endogenous (salivary) OT between childhood emotional maltreatment and the 

responses to emotional infant happy faces. Authors propose an intriguing 

explanation based on the anxiolytic role of OT (Ditzen et al., 2009; Neumann & 

Landgraf, 2012): this could be consistent with the evidence that individuals who 

experienced more early stress require more OT to face emotional situations, to the 

extension that OT can be implicated in resilience phenomena (DuMont, Widom, & 

Czaja, 2007; Feder, Nestler, & Charney, 2009). 

Finally a key role is also played by gene environment analysis of parents in 

order to predict the quality of the relationship with their children: Mileva-Seitz and 

colleagues (2013) found a significant interaction between early experience and 

both rs2740210 and rs4813627 OXT polymorphisms, able to predict their 

caregiving behavior and post-partum feelings. Consistently with the differential 

susceptibility hypothesis, individuals with the previous polymorphism are more 

context dependent, showing an enhanced effect of the quality of their childhood 
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experiences, for better and for worse (Bakermans-Kranenburg & van IJzendoorn, 

2015; Jonas et al., 2013). 

 

Stress Response and executive functions 

Early stress has undoubtedly long lasting effects on stress reactivity and 

diurnal levels of HPA function in childhood (Cicchetti & Rogosch, 2001; Saridjan et 

al., 2010; Tarullo & Gunnar, 2006) as well as in adulthood (Engert, Efanov, 

Dedovic, Dagher, & Pruessner, 2011; Gonzalez, Jenkins, Steiner, & Fleming, 

2009; Hagan, Roubinov, Purdom Marreiro, & Luecken, 2014; Christine Heim, 

Shugart, Craighead, & Nemeroff, 2010; Luecken & Appelhans, 2006; Luecken, 

Hagan, Wolchik, Sandler, & Tein, 2015). In turn, HPA axis is implicated in 

caregiving behaviors (Fleming, Steiner, & Corter, 1997; Gonzalez, Atkinson, & 

Fleming, 2009; Gonzalez, Jenkins, Steiner, & Fleming, 2012; Krpan, Coombs, 

Zinga, Steiner, & Fleming, 2005; Stallings, Fleming, Corter, Worthman, & Steiner, 

2001), probably through an executive functions deficit (Atkinson et al., 2009; 

Atkinson, Scott, Chisholm, & Blackwell, 1995; Deater-Deckard, Sewell, Petrill, & 

Thompson, 2010; Gonzalez et al., 2012). Juul and colleagues (2015) found that 

childhood trauma (but not maternal depression) is associated to more neutral 

affect and less cortisol in mothers at 6 moths postpartum. Moreover, cortisol 

seems to be able to mediate the effect of childhood trauma and maternal affect. 

More interestingly, Gonzalez and colleagues (2012) tested the role of early life 

experiences of postpartum mothers in predicting maternal sensitivity. The effect 

was fully mediated by the effect of HPA function and the indirect effect of HPA 

function via spatial working memory score. This study sheds light on a complex 

association between psychophysiological processes combined with high levels 

cognitive functions in predicting a totally different behavioral system, the 

caregiving one. 

In a psychopathology perspective Heim and colleagues (2004) showed that 

a hyperactive HPA function discriminates between abused women and abused 

women with current depression. This highlights the importance of considering the 
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interplay between early stress and current context to fully understand the role of 

cortisol as stress response. An intriguing way to study the brain correlates of 

changing in HPA axis is to administer cortisol to participants and assess their brain 

activation by means of functional magnetic resonance imaging. A brain circuitry 

highly involved in caregiving processes is the reward one (Lomanowska et al., 

2015; Parsons et al., 2013; J E Swain et al., 2014), because it highly affects 

motivation processes. Montoya and colleagues (2014) administered cortisol to 

twenty male and combined it with a monetary incentive delay task to assess the 

brain activation during anticipation of potential reward, focusing on amygdala and 

striatum. Results showed that striatum and basolateral amygdala activation 

decreased in both rewarding and not rewarding conditions, coherently with 

participants subjective reports. Then it seems that cortisol in humans 

downregulate motivational processing in general, coherently with the negative 

effects of early stress in predicting cortisol endogenous levels and in turn maternal 

sensitivity. The same research group has studied the direct effect of cortisol 

administration in modifying caregiving related processes (Bos, Montoya, Terburg, 

& van Honk, 2014). Cortisol was administered to male participants and their brain 

activation during exposure to infant crying was assessed. Cortisol affected 

hippocampal activation, and more interestingly, the magnitude of this effect was 

predicted by the exposure to childhood neglect, even in this non-clinical sample. 

Hippocampal activation is correlate with maternal bonding (Musser, Kaiser-

Laurent, & Ablow, 2012), but this altered cortisol-sensitivity of hippocampus in 

participants who experienced early stress represents an increased risk for 

psychopathology because it could lead to strong downregulation of the HPA axis. 

Martinez-Torteya and colleagues (2014) extended this effects of early 

adversity to infants: they did not assess HPA axis in mothers, but they found that 

infant cortisol reactivity is indirectly predicted by maternal childhood maltreatment 

history, via maternal depressive symptoms which in turn predicts maternal positive 

parenting, which is directly associated to infants HPA. 

As mentioned above, executive functions are correlated to maternal 

sensitivity (Chico, Gonzalez, Ali, Steiner, & Fleming, 2014; Cuevas et al., 2014) 
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and highly dependent on exposure to early adversity (Gould et al., 2012; Majer, 

Nater, Lin, Capuron, & Reeves, 2010; Pechtel & Pizzagalli, 2011), therefore very 

likely to be involved in the association between early experiences and parenting. 

Animal models are consistent with this evidence because for instance pups raised 

without the mother show attentional deficits (Lovic & Fleming, 2004). Artificially 

reared pups  engage in maternal behaviors towards their offspring, showing an 

unaltered primary maternal motivation dynamics, but the quality of their maternal 

behavior is lacking (Lovic & Fleming, 2015). Moreover, they show compromised 

executive functions responsible for the inability of producing high quality maternal 

behavior. In humans, mothers slower in answering a modified version of the 

Stroop task with attachment related words, were also slower in responding to 

infants signals (Steinhauer, Villani, Pereira, Leung, & Atkinson, 2009). Mothers 

with disorganized attachment were slower in the Stroop task and their scores were 

also relate to their children attachment at one year (Atkinson et al., 2009). 

Teenager mothers are particularly subtle to executive functioning deficits (Chico et 

al., 2014), especially associate to brain reward circuitry (Geier, Terwilliger, 

Teslovich, Velanova, & Luna, 2010; Van Leijenhorst et al., 2010). 

Finally, to our knowledge, only one paper address the topic of studying the 

interplay of executive functioning and emotion regulation in mothers (Rutherford, 

Booth, Crowley, & Mayes, 2015). The authors find a specific effect of visuospatial 

working memory in predicting emotional regulation, while verbal working memory 

seems to play a secondary role. More research is needed in this field, also to 

assess the relationship with some specific caregiving ability. The topic is definitely 

central, in order to study the complexity of the caregiving experience, without 

separating emotional and cognitive processes, losing complexity and adherence to 

reality. 
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Adult attachment as moderator of parenting related 

neurocognitive processes 

Attachment and caregiving are defined by Bowlby (1969) with the 

ethological concept of behavioral system, a biologically evolved program that 

organize behaviors in order to increase survival and reproduction. The two 

systems share the same goal, eliciting (or providing) protection of the child in case 

of real or perceived danger to increase individual’s reproductive fitness. Behavioral 

systems keep unaltered their functions during all individual’s lifetime, changing the 

behaviors used to reach the goals depending on the phase of his/her life. 

Attachment and caregiving systems are complementary, to the point that the cues 

that usually activate caregiving behaviors in adult are the same who arouse 

attachment system in children: separations, dangers and child’s signals like crying 

(Soltis, 2004). Consistently with the strong feeling aroused by attachment, also 

caregiving is associated with strong emotions. When a parent is separated from 

his/her child will feel sad and will try to rejoin him or her. When children are in 

danger or distressed, and especially when parents are not able to comfort them, 

anxiety and despair will encourage parents to increase the protection effort. On the 

contrary, great satisfaction comes from comforting and providing security for their 

children (Bowlby, 1969; George & Solomon, 2008). Because attachment system 

has an earlier development and is transmitted from caregiver to the child, it makes 

sense to consider it a fundamental variable connected to the transmission of 

parenting. Adult attachment styles resemble infant attachment and seems stable 

at some degree, so parenting related effects in adults moderated by attachment 

represent a way to study the interconnection between the two systems and also an 

indirect form of intergenerational transmission. It is clear that it is not a direct way 

to study the role of early experience and it is not even a reconstructive measure of 

childhood, however it is a very informative approach, also to face the complex 

theme of the transmission of attachment from parent to child (Madigan et al., 2006; 

van IJzendoorn, 1995b). A sort of confirmation of the similarities and overlaps for 

the two separate systems, attachment and caregiving, comes from the process of 

development of the adult attachment gold standard measure, the Adult Attachment 
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Interview (AAI, George et al., 1985; Hesse, 2008; Main et al., 1985). Main and 

colleagues (1985) noticed that the quality of the narratives on childhood 

attachment experiences was able to discriminate between mothers of children with 

different attachment patterns. The continuity of the attachment system during the 

life span was ensured by the capability to cognitively access and organize 

information relevant for attachment and that this affected next generation 

attachment behavior. In other words, even if different systems, attachment and 

caregiving were in some way connected, at least because the reflection on 

mothers’ attachment experiences was predictive of their own children development 

of attachment. Since this seminal study, parent-child continuity of attachment 

(usually mother’s adult attachment during pregnancy and infant attachment at 12 

months) became one of the most stable and replicated effects within attachment 

theory framework (van IJzendoorn, 1995a; Verhage et al., 2015). 

The mechanisms that mediate this transmission from adults to infants 

remain unclear, because maternal sensitivity, proposed by Ainsworth in her 

seminal work, seems to be just a partial mediator. van IJzendoorn called this 

phenomenon “Transmission gap” (van IJzendoorn, 1995b) and since then two 

different research lines has been conducting to solve the problem: on one hand 

better and more accurate measures of maternal sensitivity has been developed. 

First of it all it seemed clear that longer home visiting sessions of evaluation 

worked better (Pederson & Moran, 1995), raising a reassuring issue of naturalistic 

validity. More interestingly, a very promising research consists in re-

conceptualizing the way we operationalized maternal behavior: in particular 

Bernier and colleagues (2014) added maternal sensitivity also a focus on maternal 

support of child’s autonomy. On the other hand, other researchers hypothesized 

different psychological processes that could take part in the mediational 

mechanism, together with maternal sensitivity. In particular Fonagy and Target 

(2005) proposed the concept of (Fonagy & Target, 2005) “Reflective Functioning” 

pointing out the ability of the parent of “mentalizing the baby” as function of adult 

attachment and as predictor of the infant one. In other words mothers’ ability well 

descripted by Bowlby (Bowlby, 1969, 1988) of functioning as “secure base” and 



169 

“safe heaven” for children, requires a deep comprehension of children mental 

states. In this perspective, adult attachment could be considered a measure of this 

emotion regulation ability towards mother’s own attachment experience. This in 

turn could be responsible also for the transmission of the attachment style to the 

offspring. In an evolutionary perspective, we could say that the real difference in 

terms of accessibility of the resources is due exactly to this specific ability of the 

caregiver. Offspring choice between faster or slower strategies depends on the 

feeling of being safe: maternal feedbacks play a fundamental role. In a harsh 

environment, mother’s lack of mentalization toward se or her baby could be more 

adaptive because save cognitive resources and avoid empathy and pain in the 

likely case of child’s death. Some empirical findings confirm this approach 

(Grienenberger et al., 2005; Slade et al., 2005), in particular when the mentalizing 

ability of the caregiving is operationalized as “maternal mind-mindedness” 

(Laranjo, Bernier, Meins, & Carlson, 2014; Meins et al., 2002, 2012, 2013, 2001, 

2014). Moreover this interpretation of an emotion regulation ability underlying 

attachment security is consistent (but not tested per se) with the recent findings of 

the predictive power of adult attachment security assessed at 19 years old in 

forecasting maternal sensitivity with the first child up to 15 years later (Shlafer et 

al., 2015). 

Recently a new meta-analytic work showed that the transmission gap effect 

is narrowing (Verhage et al., 2015) but still clear. Focusing on a neurophysiological 

perspective can address the issue from a different approach. Breaking the 

complex concept of parenting in different small cognitive and affective processes 

can be useful to build a solid foundation for the association between attachment 

and caregiving. 

In attachment theory field, one of the central issues is the assessment of 

adult attachment, because different instruments measurement are poorly 

correlated (Roisman et al., 2007b) and refer to different theoretical model. 

However we refer only to representational measures of attachment, based on the 

definitions on Main’s definition of attachment representations, or Internal Working 

Models: “a set of conscious and/or un conscious rules for the organization of 
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information relevant to attachment and for obtaining or limiting access to that 

information, that is, to information regarding attachment-related experiences, 

feelings, and ideations” (Main et al., 1985, pp. 66–67). 

The Adult Attachment Interview (George et al., 1985) is universally 

considered the gold standard for the assessment of attachment representations in 

adulthood (Bakermans-Kranenburg & Van IJzendoorn, 1993; Bakermans-

Kranenburg & van IJzendoorn, 2009b; van IJzendoorn, 1995a). It is a semi-

structured interview: it can be scored with different systems all focusing on the 

coherence of participant’s discourse towards the childhood attachment 

experiences. Insecure individuals show a lack of ability in reporting in a complete 

and adequate manner their experiences. 

When exposed to infant signals, insecure individuals are usually less able 

than secure ones in responding to infants’ need. Evolutionary these individuals 

experienced some kind of lack or inconsistency of parenting behavior during 

childhood: their caregivers strategy was closer to the fast polarity of LH theory. 

Especially if their environment has not been changed, they tend to take advantage 

of a similar strategy, where the lack of resources entails less involvement in 

parenting behavior in exchange for mating. In terms of AAI, the exposure to a “not 

optimal” parenting behavior during childhood was not enough to lead to insecure 

attachment, but the experience has not been adequately understood and 

reinterpreted. In evolutionary theory it is called “stability of a difficult environment”, 

while it is defined “lack of opportunities to reconsider individual’s experience” in 

Main’s attachment theory conceptualization. 

Consistently with this hypothesis, insecure individuals show an enhanced 

amygdala activity compared to the secure individuals when exposed to infant 

crying (Riem et al., 2012). This could be in fact one of the mechanism leading to 

the negative emotionality experienced by these individuals during infants stress 

expression. This mechanism imply an avoidance behavior and it is confirmed by 

the use of excessive force measured with a hand dynamometer during infant cry. 

In term of maternal sensitivity, the effect could be obviously an incapability of 
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emphatically bonding the baby and regulating his mental state because of the 

parental hyperarousal. 

Strathearn and Fonagy (Strathearn et al., 2009) showed to new mothers 

pictures of children with smiling or crying facial expressions, both their children or 

seen for the first time. AAI attachment security moderated the brain activation: 

pictures of their own children were more rewarding in secure mothers and 

activated more hypothalamus/pituitary regions compared to insecure mothers. 

Moreover, oxytocin level at 7 months was higher for secure individuals and 

correlated with brain activation. Interestingly insecure mothers showed greater 

activation of dorsolateral prefrontal cortex and anterior insula when exposed to 

their own children sad faces: this could be interpreted as the presence of a 

cognitive control of a negative affective response, the need of a cognitive effort to 

balance the unexpected emotional state. This could me a mediator of an 

avoidance strategy, a strategy contrary to the secure one based on rewarding 

because probably based on anticipation of loss. Again, the fast strategy of LH 

theory is mediated by a brain process aimed at diminishing the emotional 

engagement in bonding with the child. The presence of a double level of 

functioning based on a sort of disconnection between emotional and cognitive 

response to infant cues result even more clear from the results of Lenzi work 

(Lenzi et al., 2013) focused on the differences between nulliparous females 

securely attached or categorized as dismissing in empathic processes toward 

infants stimuli. They had hypothesized a lower empathic activation in dismissing 

individuals suggested by a behavioral strategy of avoidance of emotional stimuli. 

Surprisingly they found an enhanced activity in motor, mirror, and limbic related 

areas and a decreased activation in the medial orbitofrontal cortex and the 

perigenual anterior cingulated cortex for dismissing adults compared to secure 

ones. These apparently contradictory results highlighted the disconnection 

between two neural systems in dismissing individuals when exposed to empathy 

related tasks. As theoretically proposed by Main (1991), the implicit levels of 

functioning is a deep emotional dysregulation when the individual resembles his 

rejection experiences during childhood, while the overt behavioral strategy is a 
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deactivation of the attachment system to balance the emotional dysregulation. Of 

course this second level of functioning has a cognitive cost in terms of resources 

to build a sort of “false sense of security” (Lenzi et al., 2013, p. 1410). A similar 

interpretation comes from Mikulincer and Shaver’s work (2008): in avoidant 

individuals (but measured with a self-report for romantic attachment then not a 

representational measure of attachment) a stressor does not affect their 

performance in an implicit task, unless a cognitive load is not requested 

(Mikulincer, Dolev, & Shaver, 2004a). The evolutionary interpretation is consistent, 

but in the latter study the cost of the adaptation process is much more clear. The 

transmission of a fast LH strategy is useful and increase the chance to pass by 

individual’s own genes in specific contexts but the emotional dysregulation is not 

without consequences and requires a cognitive effort to be silenced. 

The studies reviewed until here consider a dichotomy between secure and 

insecure individuals or a score of coherence of mind toward attachment, but AAI 

has a specific classification for unresolved trauma or loss, that has to be 

considered something different. In fact, this classification can be added to the 

secure/dismissing/preoccupied one even if it remains primary. It refers to a 

strongly insecure classification that relies on individual’s signs of absorption in a 

past trauma or loss experience. AAI discourse is not coherent because this 

experience invades individual’s thoughts and breaks his control over the speech. 

This attachment classification is considered very risky in term of intergenerational 

transmission of attachment because strongly associated with disorganized 

attachment in infancy (Hesse & Main, 1999; Madigan et al., 2006). The caregiving 

behavior of these mothers is defined frightened and alarmed (Lyons–Ruth, Yellin, 

Melnik, & Atwood, 2005). Kim and colleagues (S. Kim et al., 2014) studied the 

effect of unresolved loss as defined by AAI when participants were presented 

picture of their own infants (compared to strangers) with sad or happy 

expressions. Results show a diminished amygdala response in unresolved 

participants when presented pictures of their own infants with sad expressions 

compared to happy faces. Secure individuals, as expected showed more 

amygdala response in the contrast sad versus happy. This seems deeply in 
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contrast with previously presented research, but unresolved mothers cannot be 

considered as the others insecure classifications: their caregiving ability seems 

severely impaired and this specific amygdala deactivation toward their own sad 

infants seems useful in not to resemble their painful past experience of trauma or 

loss. Otherwise like during the AAI their behavior would be completely 

disorganized losing any coherence. The disruption of the normal process 

associated with their own infants’ sad stimuli could be at the base of an inability of 

emotional attunement with their children and in particular when they are 

distressed. Authors claim that this process could also be related to the 

intergenerational transmission of trauma, because show how children remains 

“psychically alone” basically because their mothers deny their psychological 

needs. When traumatic representations are triggered, mothers’ behavior becomes 

totally unpredictable for their children: the only acceptable strategy becomes the 

freezing of any behavior (Simpson & Belsky, 2008). In fact during the standardized 

observation of mother child interactions, these infants just lack of any coherent 

strategy to approach the mother. 

Even if not directly connected to parenting processes Galynker and 

colleagues (2012) considered the moderator effect of depression and attachment 

security on brain activation during an attachment related task in which they 

presented to females participants pictures of their mother, female friends and 

stranger. They found an association between attachment and medial thalamus 

and ventral caudate, related to reward and affectively motivated behavior and 

memory. Researchers then focused on the cortico-striato-thalamic circuits of affect 

regulation. For the contrast mother stranger (early attachment figure) overall brain 

analysis showed overlap and interactions effects between depression and 

insecure attachment in both cortical and subcortical parts of the circuits. For the 

friend stranger contrast (late attachment figure) only cortical effects were found. 

The interconnection between attachment and depression as predictor for the 

activation of the emotion regulation circuit is an evidence of the complex role of 

attachment in organizing the mental functioning of individuals. Moreover, the hint 

for the “hierarchical” representation of attachment, because older attachment 
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relationships are more deeply encoded into the brain, can also be informative for 

the relationship between attachment and caregiving. It seems that the 

representation of participant’s first caregiving model is involved in emotion 

regulation processes at a very basic level. A further step of analysis following this 

methodology on maternal representation could consider whether females 

participants were mothers, and differences between primiparous and nulliparous 

women. It would be very interesting to understand if early attachment stimuli have 

different effects on affect regulation circuits when the new developmental task 

requires shifting from being the target of caregiving behaviors to being a new 

caregiver per se. 

Physiological differences in coping with stressor due to attachment 

representations measured with AAI have been studied by Pierrehumbert and 

colleagues (2012). Autonomous participants showed a low reported subjective 

stress, moderate HPA axis activity (ACTH and cortisol) and high levels of OT. 

Dismissing participants reported a moderated level of subjective stress, elevated 

HPA axis activity and moderate OT levels. Preoccupied participants showed 

moderate levels of subjective stress, moderate HPA axis activity and low OT. 

Finally, unresolved participants reported elevated subjective stress, low HPA axis 

activity and moderate levels of OT. These fruitful results confirm a role of adult 

attachment representations in shaping the stress response (but see Rifkin-Graboi, 

2008 for inconsistent results) and confirm the double function of OT in regulating 

both attachment and stress systems. In fact, autonomous mothers (vs dismissing) 

showed a greater plasma OT increase after an interaction with their children 

(Strathearn et al., 2009). 

Another instrument to evaluate adult attachment in an implicit way is the 

Attachment Script Assessment (ASA; Waters & Rodrigues-Doolabh, 2004). Adults 

are asked to produce stories using some word prompts, chosen to elicit 

attachment-oriented narratives. Their stories are then coded for “secure base 

script knowledge” (Waters & Waters, 2006), a strategy for problem solving related 

to attachment relevant events based on the detection of the problem, a help 

request and the solution of the problem. Because attachment security is 
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considered to reflect cognitive and affective organizations of previous experiences  

that in turn structure expectations and emotional responding to environmental 

stimuli, ASA secure base script knowledge score has been used as moderator to 

study the effects of infant crying in non parents adults (Groh & Roisman, 2009). In 

particular it has been found that less secure individuals showed greater 

electrodermal reactivity from rest listening to infant crying, conceptualized as a 

measure of inhibition. The effects was not found for infant laugh stimuli. In other 

words, secure individuals show more productive emotional responses to 

attachment-related challenges and the emotion regulation ability during the 

exposure to attachment stimuli seems supported by attachment security. The 

emotion and cognition organizing function of attachment seems confirmed. The 

same effect has been replicated also in a sample of expectant mothers (Ablow et 

al., 2013). The evolutionary perspective of a continuity between fast or slow LH 

strategy across two generations seems respected: inhibited reaction to a negative 

emotion stimuli leads to less involvement in caregiving behaviors and allows 

saving resources. Less emotional involvement protects parent from the pain of an 

eventual loss in a difficult environment. Groh and colleagues (2015) extended this 

research using EEG alpha asymmetry, considered a measure of mothers’ 

emotional response useful to explain their sensitive-responsiveness in interaction 

with their infants (Killeen & Teti, 2012). They found that mothers lower on secure 

base script showed smaller right versus left shifts in EEG activation while listening 

to infant crying but not during the resting condition. This means that their ability of 

facing the baby crying stimuli relies on a limited emotion regulation and produce a 

rigid and uncoordinated response. In addition, subjective and observed response 

to infant crying confirms this neurophysiological finding, suggesting that emotion 

regulation in caregiving stressful situation could be one of the most important 

mediators of the intergenerational transmission of attachment. The underlying idea 

and intriguing hypothesis could be that mothers built an ability of emotion 

regulation in their primary attachment relationships and then this process could be 

implicated in defining their parenting and caregiving ability. 
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The Adult Attachment Projective Picture System (AAP, George & West, 

2001, 2012) is a free-response psychological assessment of adult attachment 

based on a projective approach. Attachment representations are inferred from 

subjects’ description of some pictures representing situation that activate the 

attachment system (e.g., illness, separation, solitude, death, and abuse). A ERP 

study with AAP attachment classification confirms that insecure individuals 

allocate less resources in analyzing and interpreting infants signals (Fraedrich, 

Lakatos, & Spangler, 2010). In this case participants were presented pictures of 

babies’ faces with different emotions expressions: the ERP analysis showed that 

secure mothers are better in face perceptions (N170) and use more resources to 

focus on social stimuli (N200, P300). This means that they actively invest more 

cognitive resources and will be more able to detect infant emotional state and to 

use this information in order to interact in a more attuned way with the infants. 

A few studies focused on the effects of intranasal OT administration and 

tested the moderator effect of attachment representations. Waller and colleagues 

(2015) studied the OT effect on 24 healthy fathers involved in a double blind, 

placebo controlled, within subject experimental design. While event related 

potential were assessed, participants were presented pictures of their own 

children, and familiar and unfamiliar infants’ pictures. In the placebo condition, the 

familiarity of their own children resulted in a broad negativity at occipital and 

temporo-parietal electrodes before 400 ms after the stimulus presentation. This 

familiarity effect has not been found in the OT condition, suggesting that OT could 

increase approach tendencies and reduce responses to social cues to allow new 

social bonds. This OT reduction of neural activity was more pronounced in secure 

vs insecure individuals, where attachment representations were measured by 

AAP. This could suggest that OT has to rely on secure attachment in order to be 

more effective. The early stress effect on OT administration mentioned above 

seems coherent with this finding of a complex interplay between subject history 

and OT administration. 

Buchheim and colleagues (2009) developed an experimental procedure to 

directly test the effect of OT on attachment representation. In a double blind 
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randomized clinical trial 26 healthy male participants classified with an insecure 

attachment pattern were administered OT or placebo. Then their adult attachment 

representations were assessed by a task based on the AAP. 32 AAP picture were 

presented and for each of them participants had to choose between four different 

sentences that referred to secure or insecure attachment classifications. From 

placebo to OT condition, participants significantly shifted towards more secure 

phrases, demonstrating a security enhancing effect of OT in insecure participants. 

This study is brilliant and fruitful, but the results do not converge with evidence of 

OT effects on insecure subjects, even if the lack of a group of secure participants 

makes difficult to speculate if this boosting security effect is limited to insecure 

individuals.  

Many other studies used adult attachment questionnaires as moderators in 

parenting related processes, but we do not present them here because of they do 

not assess in any way early experiences. However, a complete review of these 

studies has been presented by Jones, Cassidy and Shaver (Jones et al., 2015b). 

For what concerns the interplay of OT and attachment, we point out a review 

(Gander & Buchheim, 2015) and we present a study that represent one of the 

strongest evidence of OT effects on attachment system. In a double blind, placebo 

controlled, crossover designed study, Bartz and colleagues (Bartz, Zaki, Ochsner, 

et al., 2010) studied memories of childhood maternal care and closeness. Less 

anxiously attached individuals (measured with the Experiences in Close 

Relationship questionnaire) showed more memories of their mother as caring and 

close, after OT administration. More anxiously attached participants showed the 

opposite effect they remembered their mother as less caring and close after in OT 

condition. These results seem consistent with the complex interaction between OT 

and individual differences, where more secure individuals take advantage of OT 

while insecure individuals do not. 
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Discussion 

Taken together all these studies show the complexity and the quantity of 

research on neurophysiological mechanisms of intergenerational transmission so 

far. We propose that these evidences can be used not only to test existing 

approaches but also to build new theoretical models to comprehend the 

intergenerational transmission process and generate new hypotheses to drive new 

research. In the present review, we focused on the processes associated to 

parenting abilities that have been shown to be affected by early care experiences. 

We used a life history approach to interpret how the effects reviewed could 

represent an adaptive evolutionary pathway to enact fast strategies in real life. The 

evolutionary explanation is actually quite simple: early stress experiences shape 

individuals’ developmental strategies in order to deal with a harsh environment, 

favoring a preference for fast strategies of rearing offspring in adulthood. Thus, a 

decreased brain reward system, altered emotion and stress regulation networks 

appear to activate behavioral strategies of parenting that favor the quantity of 

offspring versus the quality of the parental investment. We consider emotion 

regulation as the primary domain responsible for organizing a fast evolutionary 

strategy. Parenting is a highly emotional phenomenon and emotions are 

considered the mechanism that promote quick and attuned responses to children’s 

needs (Belsky, 1984; Bowlby, 1969; Gander & Buchheim, 2015). Therefore, this 

emotional network has to be blunted in order to enable a low parental investment 

strategy. The intergenerational transmission hypothesis seems consistent with this 

process: if an individual was born in a harsh environment, it is highly probable that 

also his/her children will face a similar environment: then the quality of care he/she 

experienced during childhood is likely to be still adaptive. The stability across 

generations seems to be ensured by different systems. We reviewed the early 

stress effects on oxytocin network, stress response HPA axis, reward systems and 

emotional functioning. Each of these systems is strongly affected by early 

experience, confirming the predictive power of the intergenerational hypothesis. 

We consider stability of parenting behavior across generations as a stable 

and reliable effect, but as already mentioned only a small portion of the variance of 
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parenting behavior can be explained in this way. Neurophysiological evidences 

could play a role in explaining not only continuities but also discontinuities in 

parenting. The lack of perspective studies in this topic of research leaves no space 

in direct tests of the neurophysiological mechanisms that can switch 

developmental trajectories and enable moderation effects. In other words, there 

are no studies testing if when early stress does not affect specific 

neurophysiological mechanisms intergenerational transmission is avoided. We 

propose adult attachment representations as an intriguing step forward toward the 

comprehension of the across generations transmission. In fact, adult attachment is 

of course affected by childhood experiences but its measure assesses even if 

eventual adverse experiences have been (or not) worked through. We are not 

implying that a secure adult attachment remove traces of negative past 

experiences, but it can be surely considered a buffer against them. Moreover, 

because of the strong connection between attachment and caregiving systems, 

the ability to put a distance between an individual and his/her past, in a way that 

does not deny negative experiences but recognize them and their consequences, 

surely play a role in reenacting rearing strategies. Within Life History perspective, 

attachment stability from infancy to adulthood is the process that enables coherent 

strategies all through the life course (Simpson & Belsky, 2008, 2016). As 

hypothesized by Cassidy (1994) emotion regulation is strongly influenced by 

attachment relationships and different patterns of attachment (in childhood and in 

adulthood) rely on different strategies of emotion regulation. Children of secure 

parents learn that emotion are important and that they can regulate them through 

the parent (Fonagy et al., 2002), therefore it is likely they will be adults 

characterized by the flexible ability to accept and integrate both positive and 

negative emotions. On the contrary, children of insecure mothers are more likely to 

develop more limited or heightened negative affect. Empirical confirmation of this 

models comes from Mikulincer and Shaver’s work (Mikulincer, Birnbaum, Woddis, 

& Nachmias, 2000; Mikulincer, Dolev, & Shaver, 2004b; Mikulincer & Shaver, 

2007, 2008). Moreover all the studies reviewed in this paper where attachment 

classification was used as predictor of brain activity in relation to caregiving 

activation stimuli, were interpreted as differences in emotion regulation (Kim et al., 
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2014; Lenzi et al., 2013; Riem et al., 2012; Strathearn et al., 2009; Vrtička & 

Vuilleumier, 2012). We interpret these effects as central for the intergenerational 

transmission of attachment (van IJzendoorn, 1995a; Verhage et al., 2015). 

Parental emotion regulation seems necessary to properly perceive infants’ signals 

and adequately respond to them, as confirmed also by Musser and colleagues 

(Musser et al., 2012) who studied the association between observed maternal 

sensitivity and brain activation during the perception of mothers’ own children cry. 

Correlation between the maternal intrusiveness and the left insular cortex and 

temporal pole, regions implicated in the integration of sensory-emotional 

information, emotion recognition, empathy and making meaning of stimuli. In other 

words, it seem that more attuned mothers needs to be able to establish a 

connection with the children emotional states and to realize their children as 

individuals with their own mental states and emotions (Fonagy & Target, 1997; 

Katznelson, 2014). 

We propose a model to integrate early stress and attachment effects in 

order to explain the intergenerational transmission of parenting phenomenon, 

where the key role is played by emotion regulation. The model is presented in 

Figure 5.1. We claim that early stress affects the four domains of 

neurophysiological mechanisms already mentioned: oxytocin network, stress 

regulation, reward processes and emotional functioning. We propose that each of 

these systems is associated with adult attachment representations and contribute 

to explain and predict them. In fact, adult attachment patterns have different 

endogenous oxytocin levels (Blaise Pierrehumbert et al., 2012; Strathearn et al., 

2009) and moderate the effect of exogenous oxytocin administration (Waller et al., 

2015). Also HPA axis activity seems to be different in participants with different 

adult attachment representations (Blaise Pierrehumbert et al., 2012), as well as 

rewarding value of children faces (Strathearn et al., 2009). Finally, the emotional 

functioning is deeply rooted into the very definition of attachment representation 

and we have already explained the interplay between emotions and attachment 

strategy. It is important to note that in Figure 1 we present a directional effect of 

the four domains on adult attachment representation. This is because we have 
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strong evidences of these domains strictly depending on the quality of cares 

received and childhood environment, while we know that attachment is not simply 

a function of rearing experiences. Beside this, the interplay between adult 

attachment representations and neurophysiological functioning is not so simplistic. 

Another possible explanation is that attachment representations, which derive from 

childhood expectations on caregivers’ provision of security, drive 

neurophysiological mechanisms toward an adaptation to the characteristics of the 

environment. Then, we depict attachment representations and emotion regulation 

as domains almost overlapping, for the already mentioned reasons and directly 

affecting parenting behaviors. In this model, we highlight two main sources of 

discontinuities: in infancy attachment security and in adulthood current life 

experiences. In fact, attachment security can be a protective factor able to switch 

developmental trajectories even in harsh environments (Sung et al., 2016), while 

the effect of a stable and secure relationship with a romantic partners is probably 

the only proved moderator of intergenerational transmission of parenting. 

This perspective of the primary role of emotion regulation does not try to 

explain everything but offers an interpretative mechanism to approach the 

complexity of the studies on the intergenerational transmission of parenting. 

Moreover, if there are many evidences of the association between early stress and 

the four domains we presented, much weaker effects (especially in terms of 

number of publications) support the association between attachment and the 

effects of early stress. Therefore, more research is needed. The model we 

presented highlights the primary role of emotion regulation in enabling 

intergenerational transmission. This hypothesis could be experimentally tested by 

means of a randomized clinical trial where a specific emotion regulation training 

could be used to try to improve the quality of observed parental sensitivity. In this 

way, the predictive power of the synthesis of the effects reviewed in this paper can 

be shown and evaluated. Finally, emotion regulation is also deeply involved in 

resilience phenomena and it is studied in order to foster resilience in highly 

stressful situations. 
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Figure 5.1. A model on the neurophysiological mechanism on 
intergenerational transmission of parenting. 
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Resilience 

Resilience construct is highly debated in psychology and no general 

consensus is found for a cross contextual operationalization. Here we refer to the 

broad definition proposed by Masten and Coatsworth (1995): “achieving desirable 

outcome in spite of significant challenges to adaptation or development” (p. 737, 

cited in Buckner, Mezzacappa, & Beardslee, 2003). Early stress is one of the most 

evident, and therefore studied, examples of challenge to adaptation (for reviews 

see: Cicchetti, 2013b; Klika & Herrenkohl, 2013; MacPhee, Lunkenheimer, & 

Riggs, 2015; S J A van der Werff, van den Berg, Pannekoek, Elzinga, & van der 

Wee, 2013). Moreover, the association between resilience and emotion regulation 

is so deep and established that the two constructs are considered almost the 

same. Seminal studies showed that maltreated children with better current 

adaptation to the environment, were also more able to have emotion responses 

consistent with the situation and to modulate their feelings (Cicchetti & Rogosch, 

1997; A. M. Shields, Cicchetti, & Ryan, 1994; A. Shields, Ryan, & Cicchetti, 2001). 

Both behavioral and brain measures of emotion regulation independently predict 

resilience scores in a sample of maltreated school age children, suggesting 

different levels of analysis in the association between the two domains (Curtis & 

Cicchetti, 2007). Also fMRI studies on adults with histories of early stress report 

the role of emotion regulation circuits moderates the detrimental stress effect and 

highlight emotion regulation as a specific target in intervention following early 

adversity (M. M. Grant et al., 2015; Johnson & Tottenham, 2015; Steven J.A. van 

der Werff et al., 2013). Recently, an intriguing resilience-as-regulation perspective 

has been proposed by MacPhee and colleagues (MacPhee et al., 2015), where 

resilience processes are described as the interplay of regulation processes in two 

different levels of analysis, an individual one and a familiar one, in order to 

consider co-regulation (Sanchez, McCormack, & Howell, 2015) along with self-

regulation (Bridgett, Burt, Edwards, & Deater-Deckard, 2015). Taken together all 

this evidences are consistent with the idea that emotion regulation could be a 

process to target in parents in order to elicit their own resilience processes. 

Enhancing parents’ own resilience could represent a key to address the 
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complexity of the interplay of different generations’ risk factors and prevent 

offspring from entering the circle of intergenerational transmission of abuse. 

However, in our knowledge the effects of parents’ resilience on their parenting 

abilities has not been studied so far. 

 

Interventions 

A recent meta-analysis found a combined not significant effect of parent 

programs to prevent or reduce child maltreatment in randomized controlled trials 

(Euser et al., 2015). Even if a subset of studies show interesting and promising 

results, the global picture is disappointing. We propose that the difficulties in 

designing effective interventions are probably due to the lack of comprehension of 

the mechanisms responsible for negative parenting behaviors (i.e. Sandler, 

Schoenfelder, Wolchik, & MacKinnon, 2011). Thus, we think that the 

neurocognitive processes highlighted in this review could represent a unique 

window to understand the underlying targets and modalities of interventions. More 

specifically, we propose that a shift towards a more effective emotion regulation 

ability in parents could represent a valuable and fruitful access key to break the 

vicious circle of intergenerational transmission maltreatment. Even when existing 

interventions for parents at risk of maltreating their children do not explicitly focus 

on emotion regulation construct, they target it anyway, referring to the training 

towards a nurturing, synchronous and not frightening care (Dozier, Meade, & 

Bernard, 2014; M. R. Sanders, 2012; Urquiza & Timmer, 2014) or more directly to 

“experiential methods of learning” (Webster-Stratton, 2014). Anyway these 

interesting evidence based approaches (see: Timmer & Urquiza, 2014) even if 

considering the importance of parents’ ability in recognizing and appropriately 

responding to children states and behavior, do are not aimed at improving emotion 

regulation functioning per se. We propose that a parent training on emotion 

regulation could be an intriguing way to propose stable and durable parenting 

interventions. The dysregulated parenting behaviors could be paradoxical adaptive 

in a highly unpredictable environments where a fast strategy for reproduction 
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offers better chances to succeed. Thus moving against evolutionary push could be 

not easy and even less worthwhile. This review showed the neurophysiological 

mechanisms underlying fast strategies choices, so directly targeting these 

processes could, in turn, help in redirecting parental pathways toward qualitatively 

better care. Emotion regulation seems to be the most comprehensive and effective 

predictor of the effects review so far. Of course, there are other specific mediators 

as the reward system or the OT effects, but we think they are less effective and 

less central in determining the risk of maltreatment outcomes. In sum, more 

research is needed to test the central role of emotion regulation, through the 

development of specific interventions. Many programs have been proposed to 

directly enhance emotion regulation (Berking, Ebert, Cuijpers, & Hofmann, 2013; 

Berking & Schwarz, 2013; Farb, Anderson, Irving, & Segal, 2013; Grafton & 

MacLeod, 2013; Schuppert et al., 2009), but no one of these is has been 

specifically applied to parents at risk for maltreatment. 

 

Limitations 

The primary and most relevant limitation of this review is the retrospective 

nature of almost all the studies reviewed. No prospective studies on the effects of 

childhood maltreatment on adult functioning has been reported and just a few 

considered the longitudinal effects of poverty. Moreover, these did not directly 

addressed neurophysiological mechanism implicated in parenting behaviors. Then 

this limitation seems to be unavoidable considering the current state of the art. We 

understand the cost effectiveness of this kind of studies and the relative novelty of 

the psychophysiological approach. We trust that prospective longitudinal 

approaches are going to represent one of the future directions of the field. Another 

limitation consists in our broad definition of early stress, because we reviewed 

papers targeting very different populations, from participant with early-

institutionalized rearing histories to participants who reported higher scores of 

verbal abuse on a questionnaire. This led to a not specific approach where each 

effect is not fully comparable to the others. However, we think that the scarce level 
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of selection of the papers based on the operationalization of the early stress 

measure allowed us to a deeper exploration of the complexity of the phenomenon 

and the state of the art of research done so far.  

Another limitation is the choice not to review papers that propose an 

epigenetic pathway for the effects of maltreatment in adulthood. This represents 

actually a new perspective to the study of parenting (see: Mileva-Seitz, 

Bakermans-Kranenburg, & van IJzendoorn, 2015) that offers a more complete 

view of the picture and opens new reflection on the topic. Moreover the only GxE 

study on intergenerational transmission seem to indicate this as a promising 

direction for research (Beaver & Belsky, 2012). We decided not to include these 

studies in this review only for a reason of paper length. 

In the present review, we did not specify difference between studies on 

males of females as well as fathers or mothers. This is to be considered a 

limitation, in light of the evidences of gender effect in processing parenting relates 

stimuli (e.g. Proverbio, Brignone, Matarazzo, Del Zotto, & Zani, 2006). 

Unfortunately, research on early stress effects on parenting related processes is 

still in an early stage and do not allow to take into account the differences raised 

by the parental condition. 

 

Conclusion 

In this chapter, we reviewed the studies that addressed the issue of the 

early stress effects on neurophysiological domains. In addition we considered 

adult attachment as a measure related to early care but able to express also 

individual’s ability to reflect upon his/her experiences. We claim that at this point 

some interpretative hypotheses can be formulated to expand our comprehension 

of the phenomenon of intergenerational transmission of parenting. In fact, we 

propose a synthesis of the effects by means of a model that highlights the key role 

of emotion regulation as moderator and as possible factor of discontinuity to be 

targeted by interventions. Finally, we propose three directions for future research. 

First, prospective studies on the neurophysiological effects are required to test the 
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effects of early stress and to draw causal models. Second, as we have already 

mentioned, the role of emotion regulation in parenting can de directly assessed 

through randomized clinical trials to test the causal effect of an emotion regulation 

training. This approach not only can inform research but could also help to develop 

more focused and effective intervention to prevent or reduce the effect of child 

abuse and neglect. The last point is about a completely avoided question in this 

paper and in this field: the effects on the children. Many studies on 

intergenerational transmission of parenting used articulated methodologies based 

on the assessment of three generations. We understand the complexity of moving 

this methodology to study the neurophysiological effects, but no final 

comprehension of the stability of the mechanism across generations will be 

reached until children will be incorporated in the model, because their wellbeing is 

the real objective of all this reflection. 
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Conclusion 

And future directions  
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The present thesis was aimed at investigating the psychological and 

neurophysiological mechanisms that enable the phenomenon of the 

intergenerational transmission of parenting behaviors. We firstly reviewed the 

empirical and clinical evidences of the continuity of parenting across generations. 

We concluded that researchers agree on the transmission of both harsh and warm 

parenting behaviors. However, even if the quality of the studies to assess 

intergenerational stability is remarkably high and still improving, childhood 

experiences predict future parenting behaviors only in a limited way. Even more 

important, research findings lack variables able to moderate the transmission 

(Belsky, Conger, et al., 2009; Conger et al., 2009), in order to comprehend when 

the intergenerational cycle breaks. Promising results come from the differential 

susceptibility hypothesis (Bakermans-Kranenburg & van IJzendoorn, 2015), but 

the application to parenting transmission is still at the beginning since only one 

study tested it (Beaver & Belsky, 2012). However, the processes that enable the 

transmission remain largely not comprehended. We think this is one of the causes 

of the disappointing results obtained by programs aimed at preventing children 

abuse and neglect in at risk parents (Euser et al., 2015). We propose that a focus 

on basic psychological and neurophysiological processes could lead the way 

toward a deeper comprehension of the phenomenon. Moreover, we claim that the 

amount of research conducted in the last 10 years on the effects of early 

environment on the neurophysiological correlates of parenting processes enables 

the opportunity to synthetize the evidences, to propose interpretative explanations 

and to generate new hypotheses. Therefore, the thesis was articulated to test 

specific hypotheses in the first four chapters (effects of childhood history and 

attachment styles on implicit processes and brain correlates of parenting) and 

finally propose a unifying perspective in the fifth chapter in order to generate new 

hypotheses to test in future research directions. In this conclusion paragraph, we 

review the empirical findings in light of the emotion regulation hypothesis 

presented in chapter five. 

In the first section, we focused on the implicit processes implicated in 

parenting related tasks. We confirmed the hypothesis that both early childhood 
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experiences and attachment styles moderate automatic processing of parenting 

related stimuli. We proposed that attachment style was more related to high-level 

processes implicated in forming attitudes, while childhood history was predictive of 

lower level approach avoidance dispositions toward infant stimuli. This seems 

consistent with the model presented in chapter five, where adult attachment (but 

measured in a representational perspective) is associated to emotion regulation 

processes (e.g. prefrontal cortex activation) while early stress childhood 

experience directly affect amygdala network of emotion processing. More 

specifically, in Chapter 1 we found that adult attachment styles predicted implicit 

attitudes towards different patterns of mother child interaction. This highlights an 

association between caregiving and attachment systems based on automatic 

activation of implicit processes. Within the framework of the intergenerational 

transmission of attachment, the continuity between attachment and caregiving 

seems to be mediated by social cognition processes. Therefore, these results 

support those approaches that try to bridge the transmission gap (van IJzendoorn, 

1995a; Verhage et al., 2015) focusing on mother’s ability to mentalize about 

his/her own child (Meins et al., 2012, 2001; Slade et al., 1999, 2005). In fact, they 

confirm that there is more than representation in transmission, because 

attachment stability relies on an automatic process of interpretation of the others 

(Fonagy & Target, 1997, 2002, 2005). Chapter 2 presents a task to measure the 

implicit disposition to approach or avoidance infants’ faces with different emotions. 

Results show that participants automatically tend to avoid (or actually not to 

approach) sad infants faces, confirming the same bias previously found with adult 

stimuli. Interestingly the size of the bias was associated to a measure of childhood 

maltreatment. This effect is consistent with the primary role of emotion regulation 

in intergenerational transmission of parenting processes, extending the evidences 

based on brain activation to the behavioral domain. If the bias in processing sad 

infants’ face is not problematic per se, it could affect parental ability of parenting at 

some point, as confirmed by its augmented effect in maltreated adults. When an 

abused individual has to deal with infants’ emotions is biased, probably because of 

his/her difficulty in regulating his/her own negative emotions. This, in turn, will 

make him/her less engaged in the interaction with the child. In addition, maltreated 
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adults and children have difficulties in emotion recognition of sadness, (Ardizzi et 

al., 2015; da Silva Ferreira et al., 2014; Umiltà, Wood, Loffredo, Ravera, & 

Gallese, 2013). In terms of intergenerational transmission of parenting, these 

results confirm the difficulty of individuals who experienced harsh caregiving 

environments in attuning with negative emotions of their own children. In a 

psychodynamic perspective the inability to deal with negative infants’ emotions 

would not enable the parents to use the mirroring feature to help children in 

developing their own real selves (Fonagy et al., 2002; Winnicott, 1960, 1971). The 

chapter is made of two other studies designed to explore the process underlying 

this effect. In one of them, a sad mood manipulation did not alter the bias for the 

sad face, while a happy mood manipulation buffered it. Moreover, a happy 

manipulation caused a bias toward happy faces, and the magnitude of the effect 

was correlated with childhood abuse scores. The emotion regulation explanation is 

absolutely consistent with it, because maltreated participants tend to be 

dysregulated by unexpected positive emotions, therefore the happy infants’ face 

suddenly becomes something to avoid. The last study within Chapter 2 tested if 

the right Inferior Frontal Gyrus played a causal role in determining the bias toward 

sad faces. Results confirmed the hypothesis suggesting that sad infant bias is due 

to a slower empathic processing of the stimuli, probably based on mirroring circuit. 

This effect was not associated to maltreatment scores, then it seems not to be 

responsible for the bias transmission but confirms the emotional nature of the 

effect, since rIFG plays a role in emotional (and not cognitive) empathy. 

Interestingly rIFG inhibition caused a bias in processing happy faces and this 

effect was strongly negatively associated with maltreatment scores. We interpret 

this effect in light of the dysregulation produced by the disrupted empathic process 

in association with a lower involvement of rIFG in maltreated adults. As in the 

previous study the processing of the happy infant stimuli after the manipulation is 

associated with maltreatment scores. These results resemble Emde’s (1991, 

1999) perspective on sharing positive emotions between parent and child as the 

organizing principle of infants’ personality. In his view, mother’s validation of 

positive emotions during the first year is the primary process that structure and 

organize child’s subjectivity. In maltreated adults, a disrupted processing of infant’s 
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positive emotionality could be responsible for the continuity across generations of 

harsh parenting because of a disrupted validation of positive emotions. 

In the second section, we studied the brain correlates of two risk factors of 

parent’s abusive behaviors: infant crying and infant temperament. These two 

dimensions are associated because an infant with negative temperament is of 

course characterized by high rate of crying and inconsolability. Crying is 

considered a trigger of abuse (Soltis, 2004), or at least a trigger of harsh 

parenting, especially in maltreated individuals.  

Both studies found differentiated brain effects depending on childhood 

maltreatment scores. Considering the highly emotional impact of the stimuli and 

their relevance in parenting processes, these studies are good ways to test the 

emotion regulation hypothesis in intergenerational transmission of parenting. In 

Chapter 3 we experimentally manipulated infant temperamental features using the 

Baby Social Reward Task. In this task, participants learned to differentiate 

between more often sad and more often happy infants by observing the facial 

expressions and vocalizations of previously unfamiliar infants. Afterwards, neural 

responses to infants with an easy (happy) or a difficult (sad) temperament were 

measured with fMRI. We found that individuals with experiences of emotional 

maltreatment in childhood had reduced amygdala-middle frontal gyrus connectivity 

during the perception of an easy temperament infant. Unexpectedly, we did not 

find differences in amygdala connectivity during the perception of the difficult 

temperament infant. However, the altered amygdala connectivity confirms the long 

lasting effects of childhood stress on emotional neural circuits and the relevance 

for emotion regulation. This study support the same intergenerational mechanism 

of transmission of parenting emerged in Chapter 2 for what concerns the role of 

positive emotions. Here we are not referring to a simple positive stimulus but to a 

neutral stimulus to which a positive attribution was associated by the participant by 

means of trials errors. Therefore, from a methodological point of view, this study is 

a step further in trying to study neurophysiological effects of parental attributions to 

children and point out the role of infant representations in driving brain activation. 

Chapter 4 describes the effects of rIFG stimulation on the behavioral response to 
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infant crying. The outcome measure is the use of excessive force in a handgrip 

task, a measure able to tap an automatic behavioral response that is very likely to 

be involved in maltreating behaviors (Compier-de Block et al., 2015). rIFG 

inhibition by means of TMS had a pejorative effect on the performance, but only in 

non maltreated participant. We have to acknowledge that this is just a pilot study 

and therefore the sample size is quite inappropriate to draw conclusions, but these 

results seems very promising. In fact, they show that rIFG plays a causal role in 

determining the amount of force used in response to sad faces by participants who 

did not experience a harsh early environment. Therefore, this suggests that non 

maltreated participants’ neural process that determines the behavioral response 

does rely on empathic/mirroring processes that buffer the use of excessive force. 

On the contrary, maltreated individuals, are less depending on this brain area to 

determine a response. We could hypothesize that their response to infant crying is 

depending on more cognitive forms of empathy or cognitive control of the stimuli. 

Even if the stimulation site is the same of the third study of Chapter 2, the outcome 

variables are very different and rely on different neural circuits. This is why the 

effects are so different in the direction, because one buffers the bias (Chapter 2) 

while the other increase the bias (Chapter 4). However, we know that Chapter 2 

bias is adaptive, at least at some point, then the direction could be less different 

than we thought. More important we have evidences from both studies that 

maltreated participants’ behavioral responses to infant stimuli are less depending 

on rIFG performance. This result is consistent with our perspective of a deficit in 

emotion regulation, and specifically on the mutual features of emotion regulation. 

Moreover, this diminished mirroring activity during the perception of infant stimuli 

could be associated to a deficit of “maternal affect attunement” described by Stern 

(Stern, 1985). A difficulty in “putting oneself in infant’s shoes” could decrease the 

ability to detect and properly respond to infant’s emotion. The embodied simulation 

hypothesis (Gallese & Sinigaglia, 2011; Gallese, 2014) supports Bion’s idea of 

reverie. Mother’s capacity to sense (and make sense of) what is going on inside 

the infant works through projective identification. In other words, at some point, the 

mother has to feel the emotions of the child in order to be able to adequately 

return them in a form suitable for him/her.  
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Chapter 5 contains a synthesis of the literature on the neurophysiological 

mechanism underlying the intergenerational transmission effect. We reviewed all 

the studies that targeted the effects of childhood early experience on processes 

that could play a role in determining parenting abilities. In particular we extended 

the previous literature (Lomanowska et al., 2015) in two ways: firstly we use an 

evolutionary Life History approach (Belsky, 1997, 2005; Del Giudice, 2009; 

Simpson & Belsky, 2016) as interpretative key. This allows explaining the 

consequences of early stress experiences in terms of adaptation to a specific 

environment. Strategies of adaptation to maximize the chances to pass genes to 

the next generations are extremely different depending on the characteristics of 

the environment. Early stress environment will privilege early maturation and the 

production of large offspring with low parental investment. We propose that the 

neurophysiological effects of childhood adversities allow this process reducing the 

ability to regulate emotions when interacting with infants. This lack of emotion 

regulation is the cause of harsh parenting and by inhibiting child’s regulatory 

process enables the stability of parenting behaviors across generations. Secondly, 

we extended previous literature by including in our review studies that used adult 

attachment representations in order to predict the neurophysiological response to 

infant stimuli. On one hand attachment representations are problematic as 

measure of early stress because do not directly rely on reported experiences. On 

the other hand, they are much more informative because they do not describe the 

perception of experiences, but more interestingly adult’s ability to reflect upon 

them. Individual difference in adult attachment representations rely on adult ability 

to regulate emotions (Cassidy, 1994; Fonagy & Target, 2002; Mikulincer, Gillath, & 

Shaver, 2002; Mikulincer & Shaver, 2007, 2008; Schore, 1994). Therefore, 

attachment studies complete the perspective on intergenerational transmission of 

parenting by focusing on current functioning instead of reported experiences of 

harsh parenting. We proposed a model where childhood experience affects four 

domains of neurophysiological mechanisms: oxytocin network, stress regulation, 

reward processes and emotional functioning. Each of these systems is associated 

with adult attachment representations and contribute to explain and predict them. 

As said, emotional functioning is deeply rooted into the very definition of 
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attachment representation and therefore we depict attachment representations 

and emotion regulation as almost overlapping domains. In this model, we highlight 

two main sources of discontinuities: in infancy attachment security and in 

adulthood current life experiences. The most powerful prediction of this model is 

about the causal role of emotion regulation in determining the transmission of 

parenting. This is consistent with developmental research on mother child 

interaction, but it has never been directly tested. Therefore, a primary future 

direction is to design an intervention study targeting emotion regulation in parents 

at risk for harsh parenting. In a clinical randomized trial (Euser et al., 2015) the 

causal role of emotion regulation in determining parenting transmission can be 

tested. This could represent a response to Belsky and colleagues’ (2009) call for 

investigating the moderators of intergenerational transmission. We pointed it out in 

the introduction of this thesis: a step back to move forward. A synthesis of 

experimental works on neurophysiological mechanisms is able to open up new 

directions in developmental longitudinal research and to propose clinical directions 

for new interventions. 

Other future directions consist in ameliorating the methodological quality of 

the researches on the effects of early stress on parenting neurophysiological 

correlates by means of prospective studies. So far just a few studies (e.g. Zerach 

et al., 2016) used a longitudinal perspective. The methodological advantages are 

terrific. In fact, the problem of the memory bias in recollecting data from 

participants’ childhood is avoided and actual predictions can be formulated testing 

causal models. In particular, individuals characterized by dismissing attachment 

have by definition a bias in reporting episodes of negative emotionality from the 

past. In an easy prospective study with self-report, the effect is detrimental and will 

tend to bias the final result. Studies on the intergenerational transmission of 

parenting reached a very high level of complexity focusing on three different 

generations, the challenge for the next years will be to add a neurophysiological 

perspective. 

A neglected issue in this thesis is the genetic perspective on parenting 

(Mileva-Seitz et al., 2015). We report only the effort to explain the moderators of 
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stability across generations testing the differential susceptibility hypothesis 

(Beaver & Belsky, 2012). For years genetic effects have been considered not 

impacting attachment, but the concept of differential susceptibility changed this 

perspective, shedding light on the reason why some interventions seem very 

effective on some individuals and not effective at all on others (Bakermans-

Kranenburg & van IJzendoorn, 2015; Belsky & Pluess, 2013; Belsky & van 

IJzendoorn, 2015; Belsky, Jonassaint, et al., 2009). In future perspectives genetic 

domains will be unavoidable. 

Finally, another future direction for these studies is to enlarge the 

perspective studying also parents and not only nulliparous females participant but 

also males (and fathers). In fact, parental brain is known to work in a substantial 

different way compared to non-parents’ one. Moreover, research is driving new 

attention onto fathers and their role in affecting children development. Fathers are 

not considered anymore only a support for mothers but they are described as 

directly involved in parenting and its transmission to the next generations. 

In sum, the aim of this thesis was to study the psychological and 

neurophysiological mechanism of the intergenerational transmission of parenting. 

In four chapters we presented new empirical data to support the evidence that 

childhood experiences and adult attachment styles affect different domains 

implicated in parenting processes: attitudes towards caregiving, motor responses 

to emotional infants faces, perception of infants with different temperaments and 

behavioral response to infant crying. In the last chapter, we reviewed the empirical 

literature on the neurophysiological mechanisms of intergenerational transmission 

of parenting and proposed emotion regulation construct as key process in stability 

of across generations. Interestingly the journey of this thesis started with the role 

of parenting in shaping infant’s intersubjectivity and finished with reviewing very 

different evidences but identifying at the core of intergenerational transmission 

parents’ regulatory abilities. In other words, we have reason to think that it is the 

mutual regulatory ability that lies at the core of the self that is transmitted across 

the generations. 
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