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Abstract 

 

The present study compared the emotional state of 12 healthy full term neonates, between 42 

and 74 hours of age, during skin-to-skin contact (SSC) and during mother-infant separation 

(MIS). Assessment of state was done by means of frontal EEG asymmetry. Based on modern 

attachment theory, it was expected that during SSC infants were in a more positive emotional 

state than in MIS. Based on the approach/withdrawal model of emotion, EEG asymmetry was 

predicted to be relatively left-sided during SSC and right-sided during MIS. Contrary to this 

hypothesis, this interaction between place and frontal region was not found. However, two 

novel findings were reported: More power was found during MIS compared to SSC. This 

together with the finding that babies cried more in MIS, could reflect more arousal/distress. 

More power was found in the right frontal region compared to the left frontal region. This 

might reflect right hemispheric specialisation for dyadic processing of nonverbal attachment 

communications between mother and infant.  

 

 

Introduction 

 

Maternal-infant separation in animals is associated with negative biological and behavioural 

effects.  Early life experiences, such as maternal separation, can influence numerous 

physiological and behavioural systems. Research in rats, for example, has shown that rat pups 

deprived of maternal contact for even a brief period of only three hours displayed elevated 

levels of cortisol and adrenocorticotrophic hormone (ACTH). Prolonged secretion of cortisol 

can lead to immunosuppression and cognitive impairment, among other things, in the long 

term. Decreased activity, increased stereotypic behaviour and increased responses to acoustic 

startle response were observed, in comparison to the control groups (Lippmann, Bress, 



Nemeroff, Plotsky & Monteggia, 2007). Sanchez, Ladd and Plotsky (2001) reported that, in 

the case of monkeys separated at birth from their mothers, peers and social group for at least 

6-12 months, substantial long-term behavioural alterations can be observed, including 

autistic-like behaviours (stereotypic movements, compulsive non-nutritional sucking etc.), a 

lack of recognition of social cues, the inability to develop social relationships, and hyper-

aggressiveness. In all these studies, mother-infant contact is considered the norm and 

maternal-infant separation is the experimental intervention.  

 

Research on maternal separation in human neonates also reveals negative effects. Bowlby 

developed attachment theory, postulating a universal human need to form close affect-laden 

bonds, primarily between mother and infant. He argued that, from an evolutionary 

perspective, attachment is an innate biological system promoting proximity-seeking between 

an infant and a specific attachment figure, customarily the mother. If the care provided is 

chaotic, unpredictable, rejecting or neglectful, or if the care-giver consistently provides non-

contingent responses to the child, an anxious, insecure or disorganized pattern of attachment 

develops. This puts the child at risk to poorer psychological resilience (Bowlby, 1973). More 

recently, several researchers have rewritten the attachment theory. Schore (2000) emphasizes 

mutual co-regulation between mother and infant. He states that attachment is the dyadic 

regulation of biological and behavioural systems, such that the emotionally attuned mother 

optimizes the child’s development. Attachment is therefore not a behaviour or an emotional 

state but the dynamic dyadic regulation of numerous physiological, emotional and 

behavioural systems during development. Early physiological, emotional and behavioural 

regulation, established via infant-caregiver synchrony, leads to eventual self-regulatory 

capacities in the child.  

 

In contrast to animal research, there has not been much research on biological substrates of 

attachment in humans. However, much behavioural psychology research has been performed 

on the consequences of various mother-infant interaction styles. For example, Field (1995) 

reported that depressed mothers spend less time looking at their infants, touch them less, and 

display less positive countenances than non-depressed mothers do. Their infants, in turn, have 

lower activity levels, vocalize less, and show fewer positive faces and more negative faces 

during the interactions. This interaction pattern is suboptimal for the development of the 

child: infants of mothers who remained depressed for the first 6 months of the infants’ lives 

showed inferior performance on the Bayley Mental and Motor Scales, lower percentiles on 



growth scales, and more behavioural problems at pre-school age. Latva, Lehtonen, Salmelin 

and Tamminen (2004) collected data on parental visits to the neonatal intensive care unit in a 

hospital in Finland. Children whose mothers visited daily had fewer behavioural and 

emotional problems (measured according to the Child’s Behavioural Checklist) at the age of 7 

than those who had had fewer visits from their mothers. In summary, these studies show that 

early mother-infant separation is associated with long-term negative consequences.  

 

Kangaroo Care 

Despite the negative consequences of maternal separation in animals and in humans, sick or 

severely low-birth weight human neonates in Neonatal Intensive Care Unites (NICUs) are 

routinely separated from their mothers by being placed in an incubator (Bergman, Linley & 

Fawcus, 2004). Because of the lack of incubators, Kangaroo Mother Care was developed in 

Columbia in 1979 as a substitute for incubators. This technique consists of placing the child 

upright and prone between the mother’s breasts in skin-to-skin contact (SSC), beginning in 

the hospital and then at home, with close monitoring of the infant’s progress. The infants are 

exclusively breastfed in a self-regulatory manner. Because the benefits of close physical 

contact between parents and infants have been reassessed and revalued in the last two 

decades, this technique has recently been introduced in NICUs worldwide, although to a 

limited degree (Browne, 2004). Several studies report positive physiological and 

psychological effects of Kangaroo Mother Care. Early studies of skin-to-skin contact focused 

on ensuring that placing premature infants with the mother would not adversely influence the 

infant’s ability to maintain adequate body temperature. In many of these studies, the infants 

were not only able to maintain their body temperature in SSC, but also increased their body 

temperature (Thornhage, 1996, and Luddington-Hoe, 2000, in Browne, 2004). Bergman et al. 

(2004) found significantly better cardio-respiratory function in low-birth weight (1200g to 

2200g) preterm neonates nursed against their mother's skin compared to infants nursed in an 

incubator. In this study, at 6 hours of age, 18/18 of SSC infants stabilized, while only 6/13 

infants in incubators were stable after 6 hours. Luddington-Hoe et al. (2006) showed that 

healthy preterm infants that had skin-to-skin contact for a period of 2 to 3 hours displayed a 

more mature pattern of sleep organization compared to the infants that slept in an incubator. 

This pattern consisted of fewer arousals during sleep (less body movements, muscle activity 

and changes in respiratory pattern) and a longer period of quiet sleep. Besides these positive 

physiological effects, positive psychological effects have also been found. In a study of 

Feldman, Eidelman, Sirota and Weller (2002), premature babies received KMC at 31 to 33 



weeks, after their medical situation stabilized. After 37 weeks, KMC mothers touched the 

infant more frequently, showed more positive affect during interaction with the child, and 

were more adapted to the infant’s signals. Their infants were more alert and showed less gaze 

aversion during mother-infant interaction (using Mother-Newborn Coding System). KMC 

mothers reported less depression (measured by the Beck Depression Inventory), compared to 

the controls. After 3 months, the home environment of KC infants was found to be more 

optimal in terms of maternal and parental sensitivity, parental organization of the 

environment, and the availability of variety in the infant’s daily life (measured by the 

questionnaire ‘Home Observation for the Measurement of the Environment’). After 6 months, 

the KMC infants had higher scores in the mental and motor domains of the Bayley Mental 

Developmental Index than the controls.    

 

Frontal EEG asymmetry model 

The significant clinical and cognitive-affective behavioural effects of SSC documented so far 

indicate the importance of more research of this nature. However, no research on the CNS 

correlates of the positive emotional effects of SSC, as observed at the above-described 

behavioural level, has yet been published. One way of examining the CNS correlates of 

emotions is by measuring brain activity by means of electroencephalography (EEG). Frontal 

EEG asymmetries have most frequently been associated with motivational and affective traits, 

which can be thought of as personality characteristics that remain relatively stable over time. 

According to the approach/withdrawal model of frontal EEG asymmetry, relatively greater 

left frontal activity results in an approach orientation or action, and relatively greater right 

frontal activation is associated with a withdrawal orientation or action (Davidson, 1992). 

Sociability is positively related to relatively greater left frontal activity, while shyness is 

associated with relatively greater right frontal activity (Schmidt, 1999; Fox and Schmidt, 

1994). Frontal EEG asymmetry also appears to be related to emotion-related 

psychopathology, in that relatively greater right frontal activation characterizes depressed 

individuals (Coan & Allen, 2003).  

 

In contrast to trait frontal EEG asymmetries, state frontal EEG asymmetries are specific to 

controlled environmental conditions. Environmental stimuli that encourage approach 

responses result in relatively greater left frontal activation, while stimuli that encourage 

withdrawal responses result in relatively greater right frontal activation. Most research on 

state frontal EEG asymmetry made use of emotional faces. Ekman et al. (1990, in Coan & 



Allen, 2003) investigated the difference between Duchenne smiles (those involving activation 

of the obicularis pars lateralis muscle) and ‘unfelt’ smiles. Duchenne smiles resulted in 

greater left frontal activation than unfelt smiles did. Other research demonstrated that a 

naturalistic stressor in adults (examination stress, in this study) was associated with relatively 

greater right frontal activity, and there was a relationship between this pattern and an increase 

in reports of negative health symptoms (Lewis, Weekes & Wang, 2007). 

 

This model of trait and state frontal EEG asymmetry derived from adult data also seems to 

apply to children. Fox and Davidson (1989) divided 10-month-old infants into groups on the 

basis of whether or not they cried during maternal separation. They recorded baseline 

measures of frontal and parietal activation, prior to the period of separation. EEG measures of 

frontal activation asymmetry during this preceding baseline period were examined; this was 

done separately for the group of infants who subsequently cried and those who did not cry. A 

large difference in frontal activity was found. The babies who cried during maternal 

separation showed greater right-sided activation during the preceding baseline period than the 

non-criers. Diego, Field, Jones and Hernandez-Reif (2006) studied neonates of depressed 

mothers. They measured EEG shortly after birth (between 0-3 weeks, average age was 1.7 

weeks) and then after 3 months and 6 months again. The neonates of depressed mothers with 

a withdrawn interaction style (flat affect, disengaged behaviour, rare touching and vocalizing) 

showed relatively more right frontal activation than neonates of depressed mothers with an 

intrusive interaction style (rough physical contact an loud verbal behaviour) and non-

depressed mothers, especially at 3 and 6 months of age. The effect was smaller, but 

significant, at the neonatal stage. A shortcoming of this study is that details about the EEG 

recording conditions (i.e. maternal-infant contact or maternal-infant separation) are not 

mentioned. Jones, McFall and Diego (2004) studied infants of depressed mothers who gave 

breastfeeding or bottle-feeding. The infants were studied at the age of 1 month and 3 months. 

Infants who were breastfed were less likely to show right frontal EEG asymmetry; this pattern 

was already found at 1 month of age. This suggests that more physical contact reduced the 

pattern of right frontal EEG asymmetry.   

Fox and Davidson (1986) studied frontal EEG asymmetry in newborns. Three different 

solutions – water followed by a sucrose solution and then by citric acid solution – were 

applied to the tongue of infants at 2-3 days after birth, while they were lying in a bassinette. 

The water produced a relative increase in activation in the right hemisphere, while the sucrose 

solution produced relatively greater left-sided activation, for the 3-6 Hz and 6-12 Hz 



frequency bands. However, little hemispheric difference was observed in response to the citric 

acid solution, contrary to their hypothesis. So far, these are the only studies done on frontal 

EEG asymmetry in newborns.  

 

It is important to note that at this age, trait and state are not clearly distinguishable. As 

mentioned earlier, the term trait refers to characteristics of personality that remain stable over 

time (Coan & Allen, 2003). The test-retest reliability in adults is high: 60% of the variance of 

asymmetry measures is due to individual differences of a temporally stable trait, and 40% is 

due to occasion-specific fluctuations. States are patterns of responses that are specific to 

controlled external condition. In infants, the term trait has no meaning unless there are 

repeated measures over days, weeks or months. But even if repeated measures are done, trait 

asymmetry in adults is measured while sitting ‘at rest’ in a chair under lab conditions, 

whereas in infants the place where EEG is measured can be in maternal-infant 

contact/separation which constitutes a non-trivial difference in state. In young infants, 

therefore, trait can only be defined in relation to state (place). Furthermore, unknown or 

uncontrollable occasion-specific factors might account for a relatively greater percentage of 

asymmetry in infants than in adults. 

 

Maturation of the normal EEG 

EEG asymmetry models of adults also seem to apply to infants. However, the EEG rhythms 

of children are quite different from those of adults. EEG rhythms show dynamic changes in 

development. Very premature infants, of less than 28 weeks from date of conception, show an 

EEG pattern that is extremely discontinuous, with a burst-suppression pattern that does not 

vary between wakefulness and sleep (Nunez, 1995, p.221; Scher, 2007). Delta brushes, 

relatively low-amplitude delta activity (1-4 Hz) with a superimposed rhythm of faster 

frequencies (10-20 Hz), are seen in neonates from the age of 28 weeks, persisting into the 40
th
 

week (Nunez, 1995, p.221). Differentiation between wakefulness, active sleep (REM) and 

quiet sleep (non-REM) begins between 32 and 35 weeks of conception. Wakefulness and 

active sleep are very similar, with waves of diffuse delta activity and occasional bursts of 

faster superimposed frequencies. Full-term neonates tend to spend about 60% of their time in 

active sleep, with the percentage of REM diminishing throughout the rest of their lives. As the 

child ages, delta activity gradually disappears. The frequency of the alpha rhythm gradually 

increases until it attains its maximum value at about the age of 10 years, with a mean 

frequency of 10 Hz (Nunez, 1995, p.221).  



 

The aim of the present study was to compare the emotional state of neonates during skin-to-

skin contact and during mother-infant separation by means of frontal EEG asymmetry.  

Based on the trait/state models described above, EEG asymmetry was predicted to be 

relatively left-sided during skin-to-skin contact and right-sided during mother-infant 

separation. Confirmation of the hypothesis would provide a neuroscientific foundation for the 

application of skin-to-skin contact as a clinical application in newborn infants.   

 

 

Methods 

Participants 

This study was conducted in the Groote Schuur hospital in Cape Town, South Africa, the 

recruitment having been done by Dr Horn (Neonatologist and Clinical PI). Twelve mother-

infant dyads participated in this study. Full term infants (≥ 37 weeks gestation) born by 

caesarean section were chosen, because mother and child then stay in the hospital for a few 

days. This enabled research, as the newborn children are usually nursed in a cot next to the 

mother’s bed as well as spending time with their mother. Data collection was done between 

42 and 74 hours of birth. Of the twelve infants, 7 were male and 5 were female. The birth 

mass was between 2100 and 3830 kilogram. The infants had Apgar scores between 9 and 10, 

at 5 min after birth. 

Mothers had no current physical illnesses, no epilepsy, and no history of psychiatric disorders 

or substance abuse.  

 

Procedure 

Written informed consent was first obtained from the mothers, on the day prior to the 

recording. For the examination, EEG electrodes were attached during breastfeeding. The baby 

was then assigned to mother-infant separation or to skin-to-skin contact, in a randomized 

counterbalanced manner. Recordings started when the baby was placed in either condition. In 

the MIS condition, the baby wore a T-shirt, was swaddled in a blanket, and then placed in the 

cot, either left or right lateral. If the infant started crying, the mother or one of the researchers 

held the baby with their hands. If the crying continued for more than three minutes, the 

mother picked the baby up and gave breastfeeding if necessary. In the SSC condition, the 

mother either lay semi-supine on her bed or sat in a chair with the baby placed on her chest, 

between the breasts. A shirt with long ties around the mother’s waist secured the baby to the 



mother. In this condition, the baby was naked except for a diaper. After spending an hour in 

the first condition (either MIS or SSC), the infant was transferred to the other condition for an 

hour. During the whole period, the Anderson Behavioural State Scale (Anderson, 1986) was 

used to assess the infant’s vigilance status, to aid later EEG data analysis.   

 

EEG recording 

The EEG was recorded using a battery-powered Biosemi (Amsterdam, The Netherlands) 

research-only EEG data-acquisition unit. Electrodes were adhered to the right and left mid-

frontal positions (F3 and F4) according to the international 10-20 system, and to the right and 

left mastoids, serving as references. Electrode gel was used to aid conduction and the 

electrodes were attached to the scalp by means of tape. A headband was wrapped around the 

infant’s head to ensure that the electrodes remained in place. In addition, a CMS (common 

mode signal) electrode and DRL (driven right leg) electrode were attached to the baby’s upper 

back, with approximately 5 centimetres between them. The EEG was digitized online at a rate 

of 256 samples per second and saved to the computer hard disk. Data was continuously 

recorded throughout the entire testing period.  

 

EEG signal processing and data reduction 

Raw data was pre-processed in Analyzer Software (Brain Products Gmbh). Prior to any 

processing, relevant time markers were placed. For all individuals for whom there was EEG 

data during breastfeeding and crying, this data was almost wholly contaminated by movement 

artefact and was therefore excluded. Data was bandwidth filtered from 0.5Hz to 45 Hz, with a 

50Hz notch filter. The data was re-referenced to arithmetically averaged mastoids, creating 

two bipolar channels (F4-averaged mastoids and F3-averaged mastoids).  

The data was then divided into two segments, one for the period of MIS, and one for the 

period of SSC. Automatic artefact rejection was performed. 

In order to comply with the stationarity assumption of the Fast Fourier Transform (Allen, 

Coan & Nazarian, 2004), the data was segmented into two second epochs, consisting of 512 

data points (that is 2^9) each, overlapping by 75%. A 10% Hanning window was applied to 

remove artefactual frequencies resulting from segmentation, prior to applying a FFT, which 

yielded a Frequency (Hertz) - Power (uV
2
) spectrum for each two second epoch. All those 

epochs were then averaged. Power (area under the graph) values were exported at 0.25Hz 

resolution for data reduction to single Hz frequency bins prior to statistical analysis using 



Software R (R Development Core Team, 2008). Single frequency bandwidths were examined 

from 0.5 Hz 12.5 Hz. 

 

Statistical analysis 

A repeated measures model was used with infant EEG power in F4 and F3 as the raw 

dependent variables. Raw alpha EEG power data is positively skewed and is therefore 

routinely log transformed (Allen, Coan & Nazarian, 2004). This was all the more so in this 

study which examined power from 0.5 to 12.5 Hz because power is much higher in low 

frequencies due to the 1/f nature of the freq-power spectrogram. A higher order log 

transformation [log(log(power) + 3)] was therefore used. Power was investigated as a 

function of region (Left and Right), place (MIS and SSC), frequency band (single Hz 

frequency bins, from 0.5-12.5 Hz) and percentage of sleep. All possible interactions were 

considered, and all non-significant interactions and non-significant factors in the model were 

discarded. 

 

 

Results 

Behavioural outcomes 

For all 12 subjects usable EEG data was collected. After excluding crying and breastfeeding 

periods, the average amount of data was 25.04 minutes in MIS, with a minimum of 2.16 and 

maximum of 46.97 minutes and a standard deviation of 15.19. The average amount of data in 

SSC was 34.11 minutes, with a minimum of 7.47 and a maximum of 47.40 minutes and a 

standard deviation of 11.63.  

In MIS the infants slept on average 71.1% of the time, and in SSC the infants slept 87.5% of 

the time. This difference was not significant. 

Eight of the twelve infants cried during MIS, while only 4 of the 12 infants cried during SSC. 

The 4 infants that cried in SSC, also cried during MIS. The total amount of crying was 5.5 

times more in MIS than in SSC. Using the t-test, this difference was significant, t(11)=2.28, 

p=0.02. 

 

EEG power results 

A repeated measures model was used, with infant transformed EEG power as the dependent 

variable.  



There was significantly less power during sleep than during awake, and this difference was 

larger for the lower frequencies, F (1, 555) = 23.866, p <.0001. 

There was significantly more power in MIS compared to SSC, and this difference was larger 

for the lower frequencies (fig.1), F (1, 555) = 10.609, p= 0.0012.  

There was more power in the right frontal region compared to the left frontal region, and this 

difference was larger for the lower frequencies, (fig.1), F (1, 555) =7.505, p= 0.0064. After 

controlling for sleep, the effects of Place and Region were still significant. 

Eight of the twelve babies showed a shift from relatively greater right frontal activity during 

MIS to relatively greater left frontal activity during SSC, but this did not result in a significant 

interaction effect of place and region. 
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Figure 1.  Untransformed EEG power versus frequency plots in MIS and SSC in the right and left frontal 

region.  

 

 

 

Asymmetry scores were calculated to examine if group differences for sex or starting place 

existed. The asymmetry score is a difference score reflecting the power in one hemisphere 

relative to the power in the contralateral hemisphere (ln(right)-(ln(left)) (Allen, Coan, 

Nazarian, 2004). Using Wilcoxin sign test, no group differences for sex or starting place were 

found. Because of this and the fact that these sub-groups were small, these variables were not 

included in the repeated measures model. 

 

 

Discussion 

 

The present study aimed to examine neuroaffective state of neonates during skin-to-skin 

contact (SSC) and during mother-infant separation (MIS) by means of EEG.  

 

This study reports two novel findings. First, we found less power in SSC compared to MIS. 

This effect was still present after we controlled for sleep percentage (the infants slept more in 

SSC). This pattern of more brain activity in MIS might reflect more ‘arousal’. Arousal is 

regulated by the autonomic nervous system, which consists of the parasympathetic and 

sympathetic nervous system. The parasympathetic nervous system regulates the internal 

environment of our body to maintain homeostasis. It promotes functions that are associated 

with growth and restitution. In contrast, the sympathetic nervous system prepares the 

individual for awareness of the external environment and the intense muscular action required 

to protect and defend the body in response to external challenges. Perceptions and assumed 

threats to survival may promote a massive withdrawal of parasympathetic tone and a 

reciprocal excitation of sympathetic tone (Porges, 1995). The higher power in MIS could 

reflect higher sympathetic tone as a consequence of separation and more perceived 

vulnerability. Analysis of heart rate variability (also collected in this study but not yet 

analyzed and therefore not reported here) which provides a measure of SNS/PSNS activity 

could be used to test this hypothesis. If the data supports this hypothesis, further research on 

the link between EEG power and heart rate variability ought to be performed. 

 



Second, more power was found in the right frontal region compared to the left frontal region. 

Schore (2008) proposes the right hemisphere as being responsible for the regulation of the 

autonomic functions and higher cognitive processes involved in the formation of social bonds 

in infancy. The dyadic processing of nonverbal attachment communications, such as 

emotional faces, voice and touch, is the product of the operations of the infant’s right 

hemisphere interacting with the mother’s right hemisphere (Schore, 2008). It may be possible 

that this right-hemisphere effect overrides state-dependent frontal asymmetry effects at this 

age.  

 

In line with previous research of emotions and frontal EEG asymmetry in adults and children, 

it was expected that EEG asymmetry would be relatively left-sided during SSC and relatively 

right-sided during MIS. Contrary to our hypothesis, we failed to find an interaction effect 

between Place and Region. Instead, as discussed above, more power was found in the right 

region than in the left region, in both places.  

 

The failure to find any interaction effect between Place and Region could be due to the fact 

that our sample size of twelve infants was too small to produce the expected significant 

effects. In the future, more infants ought to be tested to show whether or not this is actually 

the case.  

Another possible explanation could be that the emotional state of the babies did not differ 

between the places, and that the method of skin-to-skin contact does not contribute to the 

achievement of an optimal emotional state. However, the behavioural outcomes make this 

possibility less probable: the babies slept more during skin-to skin-contact (a difference of 

16.4 %) and cried 5.5 times less than during mother-infant separation. More sleep and less 

crying are signs of less stress and more relaxation. These positive behavioural outcomes of 

skin-to-skin contact are in line with previous research (Luddington-Hoe, 2006). Further, the 

significant effect of place (less power in SSC compared to MIS) suggests that there is a 

change in neuroaffective state.    

Another possibility is that the proposed EEG asymmetry model that applies to adults and 

children does not yet apply to newborns. Apart from the current study, only one study on EEG 

asymmetry in newborns younger than 3 days has been done so far. Fox and Davidson (1986) 

found a relative increase in activity in the left hemisphere in the sucrose condition, as they 

expected. But the increase in activity in the right hemisphere following the taste of water was 

not expected. Contrary to their hypothesis, they failed to find an effect related to citric acid. 



However, Diego, Field, Jones and Hernandez-Reif (2006) did find relatively greater right 

frontal activation in babies of depressed mothers with a withdrawn interaction style at 2 

weeks after birth. They found a shift towards greater relative right frontal EEG asymmetry 

from the neonatal (on average 2 weeks old) to the infant assessment (at 3 and 6 months of 

age). Jones, McFall and Diego (2004) found relatively greater right frontal activation in 

infants of 1 month old, consistent with the adult literature on frontal EEG asymmetry.   

 

It could be that the brain of the newborn has not yet developed the functional specificity that 

is found in the studies of infants of 2 weeks and 1 month old. As far as we are aware, the 

present study is the first to gather baseline EEG data at < 72 hours of age, and the finding of 

significantly greater right-sided power independent of maternal proximity, in conjunction with 

the results of Diego et al. and Jones et al., highlights the degree to which frontal EEG 

asymmetry may be a learned phenomenon which is highly sensitive to the quality of mother-

infant attachment.  

 

This study was not without its limitations. First, as stated above, the sample size of twelve 

babies is small. Nevertheless, the main effects were all highly significant. Since eight of the 

twelve babies showed a shift from relatively greater right frontal activity in MIS to relatively 

greater left frontal activity in SSC, a larger sample size might show an interaction of place and 

region. Second, in this study, the mastoids were used as reference sites. Although this 

reference method is commonly used in adults, issues of electrode referencing in relation to 

asymmetry do exist in the literature (Hagemann, 2004) and the few existing asymmetry 

studies in infants and neonates used the Cz reference (Diego, Field, Jones and Hernandez-

Reif, 2006; Fox & Davidson, 1986; Fox & Davidson, 1989; Jones, McFall, Diego, 2004). 

Future SSC/MIS research should compare mastoid referencing to Cz referencing.  

Further, the ‘handedness’ factor was not assessed for all parents. Handedness is heritable, but 

there is no consensus yet on the relative importance of genetic and cultural inheritance 

(Raymond, Pontier, Dufour & Moller, 1996). Differences in cerebral lateralization of 

functions between left and right-handed people have been described; most studies concerned 

differences in language lateralization (Geschwind, Miller, DeCarli & Carmelli, 2001). They 

found that the language centres of right-handed people are situated in the left hemisphere, but 

in left-handed people this pattern is more variable; approximately 30% show bihemispheric 

language, and about 10% show right-hemisphere language. Differences in laterality of 

emotions in left and right-handed people have not been reported. The role of handedness in 



EEG asymmetry is unknown, because most studies exclude left-handed people. Nevertheless, 

the handedness of parents should be assessed in future SSC research, and babies with one or 

more left-handed parents should be excluded. In this study, however, parental handedness did 

not influence the results. The babies who showed relatively more power in the right 

hemisphere during SSC compared to MIS were all babies of right-handed parents, except for 

one baby (mother was left-handed and father right-handed).  

 

 

Summary and Conclusions 

 

A validated measure of neuroaffect is a prerequisite for investigating the neuroaffective 

dynamics underlying the observed clinical advantages of skin-to-skin contact in preterm 

neonates (Bergman et al. 2004). However, the pattern of relatively greater left mid-frontal 

EEG activity in SSC versus MIS predicted by this study was not found. Further research is 

therefore needed to examine whether the frontal EEG asymmetry model seen in adults, 

children and infants as young as 2 weeks old also applies to newborns. The results of this 

study and that of Fox and Davidson (1986), and the shift towards greater relative right frontal 

EEG asymmetry from the neonatal to the infant assessment in the study of Diego, Field, Jones 

and Hernandez-Reif, (2006) suggest that this might not be the case.  

 

However, the current study revealed two novel findings. The EEG indicated more power in 

the right hemisphere, independent of place. This could be because the dyadic processing of 

nonverbal attachment communications occurs between the mother’s and the infant’s right 

hemisphere (Schore, 2008). More power was recorded in MIS in comparison to SSC; this 

could possibly reflect a higher sympathetic tone, and thus more perceived stress. Analysis of 

heart rate variability which provides a measure of SNS/PSNS activity could be used to test 

this hypothesis. 
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