
BIROn - Birkbeck Institutional Research Online

Brzozowska, Alicja and Longo, Matthew R. and Mareschal, Denis and
Wiesemann, F. and Gliga, Teodora (2021) Capturing touch in parent-infant
interaction: a comparison of methods. Infancy 26 (3), pp. 494-514. ISSN
1525-0008.

Downloaded from: https://eprints.bbk.ac.uk/id/eprint/42926/

Usage Guidelines:
Please refer to usage guidelines at https://eprints.bbk.ac.uk/policies.html or alternatively
contact lib-eprints@bbk.ac.uk.

https://eprints.bbk.ac.uk/id/eprint/42926/
https://eprints.bbk.ac.uk/policies.html
mailto:lib-eprints@bbk.ac.uk


 1 

 

 

 

 

 

Capturing touch in parent-infant interaction: a comparison of methods 

 

 

Alicja Brzozowska1 

Matthew R. Longo1 

Denis Mareschal1 

Frank Wiesemann2 

Teodora Gliga3 

 

 

 

1 Department of Psychological Sciences, Birkbeck, University of London 

2. Baby Care, Procter & Gamble Service GmbH, Schwalbach am Taunus 

3. Department of Psychology, University of East Anglia. 

  



 2 

Abstract: 

 

Naturally occurring high levels of caregiver touch promote offspring development in many animal 

species. Yet, caregiver touch remains a relatively understudied topic in human development, 

possibly due to challenges of measuring this means of interaction. While parental reports (e.g., 

questionnaires, diaries) are easy to collect, they may be subject to biases and memory limitations. 

In contrast, observing touch in a short session of parent-child interaction in the lab may not be 

representative of touch interaction in daily life. In the present study we compared parent-reports 

(one-off questionnaires and diary) and observation-based methods in a sample of German 6- to 

13-month-olds and their primary caregivers (n= 71). In an attempt to characterize touching 

behaviours across a broad range of contexts, we measured touch both during play and while the 

parent was engaged in another activity. We found that context affected both the quantity and types 

of touch used in interaction. Parent-reported touch was moderately associated with touch 

observed in parent-child interactions and more strongly with touch used during play. We conclude 

that brief one-off questionnaires are a good indicator of touch in parent-child interaction, yet they 

may be biased towards representing particular daily activities and particular types of touch.  
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1. Introduction 
 

Touch is often referred to as the earliest sense to develop (e.g. Fulkerson, 2014), and an 

important means of contact between an infant and their caregiver (Hertenstein, 2002). Studies 

suggest that tactile stimulation provided by the caregiver is crucial for the offspring’s wellbeing, 

both in rats (e.g. Parent et al., 2017; Suchecki, Rosenfeld, & Levine, 1993) and monkeys (e.g. 

Harlow & Zimmermann, 1959; Simpson et al., 2019). An important insight coming from this 

animal research is that there is significant individual variation in parent touching behaviour.  This 

variation has consequences for the offspring’s development, affecting domains such as behavioural 

fearfulness (Caldji et al., 1998), immune system response (Parent et al., 2017), exploratory 

behaviour (Guardini et al., 2016), and even susceptibility to drug use (Francis & Kuhar, 2008).  

Considering the apparent significance of touch in the first months of life, it is striking how 

little research there is on the specific effects and mechanisms through which it shapes human 

infant development.  One explanation lies with the practical and ethical challenges associated with 

studying human caregiver touch. One clear difference between measuring caregiver touch in non-

human animals and in humans is that in the former case, researchers are able to observe the 

participants continuously. Touching behaviours in animals are easily identifiable – for example 

licking/grooming, and arched-back nursing (LG-ABN) in rats (Caldji et al., 1998) – and can be 

quantified over long periods of time. This results in representative estimates of caregiver tactile 

stimulation, and can be used to accurately identify caregivers who engage in low- or high-levels of 

contact. In addition, much of the evidence for the important role of touch in development comes 

from experiments which employed cross-fostering, a practice in which rat offspring of low LG-

ABN mothers are artificially assigned to be fostered by high LG-ABN mothers, and vice versa 

(Francis, Diorio, Liu, & Meaney, 1999). While cross-fostering is an elegant example of a study 

design allowing for robust inferences about the impact of maternal touch-related behaviours in 

infancy, for obvious reasons such studies are not possible with humans. When aiming to examine 

correlates of parental touch-related behaviours, especially when the focus is on patterns occurring 

over longer periods of time, researchers studying human development have much more limited 

options.  

Several studies with human participants have looked into populations where it has been 

documented that caregiver touch is minimal, such as infants in institutionalized care (Maclean, 

2003) and infants of depressed mothers (Field, 2001). In studies employing this approach, 

caregiver touch was assumed to be reduced, but was not actually quantified. Some studies with 

human infants have attempted to experimentally manipulate caregiver touch, an approach most 

notably exemplified by studies examining effects of touch-based interventions, i.e. Kangaroo Care 
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(Cong, Ludington-Hoe, & Walsh, 2011; Feldman, Eidelman, Sirota, & Weller, 2002) and baby 

massage (Field, Diego, Hernandez-Reif, Deeds, & Figuereido, 2006; Gitau et al., 2002). However, 

these investigations almost exclusively feature babies born prematurely, as the authors were 

particularly interested in helping these babies from a medical perspective. It is therefore hard to 

generalise the results of such studies beyond the specific atypical populations and rather extreme 

tactile experiences investigated. 

While studies with infants of depressed mothers, those born prematurely, and infants in 

institutionalized care provide invaluable insights into the role that tactile deprivation and tactile 

enrichment play in early development, which are especially informative about atypical populations, 

it is important to understand whether naturally occurring variations in everyday caregiver touch 

are consequential  for development in the general infant population, as has been found in animal 

work (Gliga et al., 2019). A variety of methods have been used to capture the amount and nature 

of touch in parent-child interaction. These methods differ in whether they are subjective, like 

parent-report measures, including questionnaire (Koukounari et al., 2015) and diaries (Barr et al., 

1988; Lam et al., 2010), or objective, as for example measures coded from recordings of parent-

child interactions (Feldman, Gordon, Schneiderman, Weisman, & Zagoory-Sharon, 2010; Reece, 

Ebstein, Cheng, Ng, & Schirmer, 2016). They also vary in how often these measures are taken (i.e. 

one off questionnaires or diaries), and the length of recorded observation. Methods most 

commonly employed for this purpose are discussed below.  

 

1.1. One-off parent-report questionnaires 

Parent-Infant Caregiving Touch Scale (PICTS). To the best of our knowledge, the Parent-Infant 

Caregiving Touch Scale (PICTS; Koukounari et al., 2015), which measures self-reported frequency 

of specific touch-related caregiving behaviours, is the only parental questionnaire currently used 

to assess caregiver touch given to infants. It is a short, 12-item scale designed to capture commonly 

occurring parental behaviours. Four items refer to stroking of different body parts, and the rest 

are about other forms of touch and communication: picking up, cuddling, rocking, kissing, 

holding, talking to, watching, and leaving the baby to lie down. Parents are asked to indicate how 

often they engage in those behaviours by choosing a level on a 5-point Likert scale ranging from 

Never (1) to A Lot (5). While this questionnaire is simple, it also has good psychometric properties. 

Koukounari et al. (2015) found its internal reliability at 5 and 9 weeks to be very good. Interestingly, 

PICTS scores were not related to other measures of caregiving quality such as maternal sensitivity 

(as rated from parent-child interactions). While the authors took it to mean that touch has a distinct 

function in parent-child interaction, this lack of correlation could also raise questions about the 
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validity of this scale. As a self-report measure, it could be subject to “faking good”, or performing 

for the researcher (Field, 2019), with parents reporting inflated levels of caregiving behaviours. 

Nevertheless, stroking, operationalized as the ‘stroking’ factor in the PICTS scale (composed of 

the four items asking about stroking baby’s arms/legs, back, face, and tummy), has been reported 

to have buffering effects on developmental outcomes of children whose mothers experienced 

pregnancy-specific anxiety (PSA), in that high levels of stroking in infancy significantly reduced 

the effects of PSA on internalizing and externalizing scores at 3.5 years (Pickles et al., 2017). 

Moreover, a recent study found a moderating effect of parental stroking on 9-month-olds’ heart 

rate response to gentle stroking – the more stroking the parent reported in the PICTS 

questionnaire, the larger were the immediate decelerating effects of stroking on baby’s heart rate 

(Aguirre et al., 2019). The mechanisms behind these effects are likely similar to the stress-buffering 

effects of licking and grooming in rodents (Suchecki et al., 1993), but much more research is 

needed before we fully understand these phenomena in human infants. 

 

The Social Touch Questionnaire (STQ; Wilhelm, Kochar, Roth, & Gross, 2001) is a questionnaire 

originally designed to measure attitudes and affects towards social touch, with a focus on capturing 

potential anxiety and embarrassment associated with it. The STQ consists of statements about 

experiences of touch with both close, familiar people (e.g. As a child, I was often cuddled by family 

members) and strangers (e.g. I would rather avoid shaking hands with strangers). Participants are asked to 

indicate how characteristic or true each of the statements are of them on a 0-4 scale (from “not at 

all” to “extremely”). Higher STQ scores reflect more anxiety and embarrassment and less positive 

experiences with social touch. Previous work (Aguirre et al., 2019) found an association between 

infant physiological reactions to touch and parental attitudes towards touch. This raises the 

possibility that parental attitudes may be a reliable predictor of parents’ use of touch including in 

parent infant interaction.  

 Although previous work suggests that both PICTS and STQ may be valid measures of 

parental touch, to date no study validated them against objective measures of caregiver touch.  

 

1.2. Diaries 

 Another approach to measuring caregiver touch through parental self-report is the use of 

diaries, either in paper or electronic (online) form. Such diaries commonly ask parents to record 

caregiving (e.g. holding) and/or infant (e.g. crying) behaviours over a period of a couple days (Barr 

et al., 1988; Lam et al., 2010). Thus, one advantage of diaries is that they provide a record of 

behaviours of interest over a certain period of time, typically around a week, potentially resulting 
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in estimates more representative of everyday behaviour patterns across a variety of contexts than 

ones collected at a single time point, while being sensitive to day-to-day differences in caregiving 

behaviours. In addition, diaries differ from one-off questionnaires like the PICTS in that they 

typically ask about the durations of certain behaviours in terms of minutes or hours. Some have 

claimed that diaries do provide accurate gauges of the frequency and duration of behaviours of 

interest, while being relatively easy to use for both the parents and the researchers (Lam et al., 

2010), but those claims have not been supported by validation with independent measures. 

However, diaries have also been reported to be onerous for participants, with some 

participants indicating that they do not have time for their completion, and others just not 

following through with their participation, consequently yielding response rates that often do not 

enable conclusive analyses (Nicholl, 2010). It also remains unclear to what extent event duration 

estimations obtained from diaries are accurate. These concerns are most likely the reason why very 

few studies on caregiver touch to date have used diaries. One exception is a recent study (Moore 

et al., 2017) on the associations between caregiver touch in infancy and epigenetic signatures at 4-

5 years of age, focusing on genes associated with social bonding and postnatal plasticity, where 

they found no statistically significant correlations between postnatal contact and candidate genes. 

Considering the abovementioned concerns about diaries, such studies can be hard to interpret, 

and learning more about diaries in terms of their psychometric properties would certainly help 

shed more light on results such as the ones observed by Moore et al. (2017). 

 

1.3. Observing Parent-Child Interaction 

 The most common way of measuring caregiver tactile contact with their baby is within 

some sort of a parent-child interaction (PCI) setup, where the behaviour of the dyad is filmed and 

later video-coded for events of interest. The straightforwardness of this method makes it very 

attractive, as researchers are able to directly observe the caregiver behaviours they are interested 

in, without having to rely on the accuracy of parent self-report. PCI-derived measures also enable 

flexibility with regard to the behaviours of interest, allowing researchers to choose a coding scheme 

that best reflects their interests.  

 Most commonly, touch in caregiver-infant interactions is measured within a free play 

setting, including face-to-face setups where infants are sat in a car seat with mothers sat opposite 

them (Feldman, Singer, & Zagoory, 2010; Moreno, Posada, & Goldyn, 2006; Stack & Muir, 1992) 

or interactions on the floor, where parents are free to position the infant however they please 

(Feldman, Weller, Sirota, & Eidelman, 2003; Jean & Stack, 2009). The instructions given to parents 

are usually aimed at evoking naturalistic interactions, with phrasings such as “Play freely” (Feldman, 
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Singer, et al., 2010), “Play with your baby as you normally would “ (Moreno et al., 2006), or “Play like you 

would normally do at home” (Jean et al., 2009). The interactions are typically coded over a period of 

time varying from 3 (Feldman, Singer, et al., 2010) to 6 minutes (Moreno et al., 2006).  

Various approaches to quantifying touch events have been adopted, with some focusing 

on duration (Moreno et al., 2006) and others on number of instances of touch (Reece et al., 2016). 

Multiple coding schemes have been employed, with some focusing on low-level, descriptive touch 

properties such as ‘static’, ‘tickle’, or ‘pat’ (e.g. Stack et al., 1996), and some targeting higher-level 

touch features, with coding categories like ‘affectionate touch’, ‘stimulatory touch’ or 

‘proprioceptive touch’ (Feldman, Gordon, et al., 2010a). Sometimes, studies investigating general 

caregiving qualities include touching behaviours in their coding schemes, collapsed together with 

other behaviours in broader categories like ‘maternal engagement’ (e.g. Krol, Moulder, Lillard, 

Grossmann, & Connelly, 2019). However, some authors have pointed out that coding schemes 

used in studies on maternal sensitivity and attachment largely omit or do not take an in-depth 

approach to observing touch (Botero et al., 2019). Even the approaches that aim to capture low-

level properties of touch tend to merge touching behaviours that may have different functions and 

mechanisms. An example of this would be Stack et al. (1996) including stroking and caressing in 

the same category as rubbing and massaging, even though the former have been shown to have 

distinct neurobiological mechanisms, associated with a special type of fibres called CT afferents 

(McGlone et al., 2014). Only relatively recently have stroking and caressing started to be treated as 

a separate category in coding schemes (e.g. Stack et al., 2014). Moreover, while being a relatively 

objective measure, PCIs observed in a lab, or even in a home setting, are quite an artificial situation 

for caregivers to find themselves in, likely affecting their behaviours in non-negligible ways. The 

vast majority of PCI-based protocols focus on playful interactions, which may not be 

representative of a large proportion of everyday parent-infant contact. 

 

1.4. The present study 

 Very few studies have used more than one measure of caregiver touch, and the large 

diversity of methods employed in different studies makes it hard to interpret and generalize the 

findings. It is possible that the existing measures aimed at capturing equivalent touching 

behaviours actually tap into different aspects of caregiver touch. Existing measures also rely on 

the accuracy of parental self-report, or the representativeness of a short period of child-focused 

interaction. The aim of the present study was to examine, for the first time, whether different 

approaches to measuring caregiver touch, one-off questionnaires, diaries and objective 
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observations, are related, in order to establish the extent to which they measure similar, or possibly 

different aspects of caregiver touch. 

One other innovation is in the way we measured touch in parent-child interaction. It is 

likely that a large proportion of touching behaviours (or lack thereof) between parent and infant 

occur in non-playful situations, like preparing a meal, or having a conversation with another adult. 

Use of touch in these situations possibly differs both qualitatively and quantitatively from parental 

touching behaviours during playful, infant-focused situations, the classical setting in which touch 

is observed. Individual variation may be higher in these situations, with some parents preferring 

to keep closer contact with the child than others. Similarly, self-report measures may also capture 

behaviours in situations in which parents are focusing their attention on infants, and therefore are 

more conscious of whether and how they use touch. This is why we included both a free-play 

session (PCI-FP) and a PCI-Q condition in the study protocol, when parent was having a 

conversation with the experimenter (answering questions from a questionnaire). We assumed this 

condition is likely representative of a large proportion of everyday interactions between parents 

and children, therefore potentially capturing important variation in caregiver behaviour.  

Thus, in this study touch was captured with an adapted version of PICTS, the Social Touch 

Questionnaire, a custom Touch Diary, and PCI-derived touch measures. We were interested in 

whether there are associations between putative equivalent measures from the questionnaire and 

diary approaches by looking at how they correlate with behaviours observed in the lab. In 

particular, we investigated the general structure of the data by observing whether measures map 

onto one or more common factors. One possibility is that we could observe a clear distinction 

between self-report and the play-focused observed measure, consistent with the former being 

subject to ‘faking good’, or the latter not being representative of touch in real life.  Another goal 

was to take a more in-depth look at the spectrum of touching behaviours we can observe in the 

lab, with a focus on comparison between free play and a non-play/task-focused situation.  

Touch behaviours decrease during the first 6 months of life (Jean et al. 2009), and may 

decrease further as children become mobile and other means of interaction are more frequently 

employed. Few studies to date have investigated caregiver touch beyond the sixth month of infant 

life. We therefore included in the study a broad age range (6 to 13-month olds to enable  us to 

investigate developmental dynamics of parental touching of children who are less reliant on being 

carried, therefore potentially making it easier to observe individual differences in parental 

behaviours. Measures that are more biased towards ‘faking good’ are likely to capture less 

developmental changes in touch behaviour.  
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2. Methods 

 

2.1. Participants 

 The study was conducted at the Pampers Baby Care Research & Development Centre 

(Schwalbach am Taunus, Germany). The participants consisted of an opportunity sample recruited 

from a pool of families living in the Taunus and Frankfurt am Main area, who expressed interest 

in research taking place at the facility. They were originally recruited into two age groups: 6- to 8-

month-olds (n = 39, M = 7;21, 21 males and 18 females) and 11- to 13-month-olds (n = 32, M = 

12;10, 17 males and 15 females). The data presented here were originally collected as a part of a 

larger study with clear age-related hypotheses regarding relationships between measures of touch 

and infant arousal and cognitive development (see Procedures section for more detail). Because 

the current work is not based on these hypotheses, we therefore pooled the participants into one 

group of seventy-one infants aged 6 to 13 months in order to increase statistical power and used 

age as a continuous variable in analysis. The sample size compares rather favourably to those in 

previous studies employing video-coded measures of caregiver touch (e.g., Feldman et al., 2010: n 

= 53; Jean & Stack, 2009: n = 40). Sixty-nine of the primary caregivers identified as female, and 

the remaining two identified as male. Inclusion criteria for the study were: infant gestational age at 

the time of birth > 37 weeks, no diagnosed developmental disorders and German fluency 

(caregiver). The present study was conducted according to guidelines laid down in the Declaration 

of Helsinki, with written informed consent obtained from a parent or guardian for each child 

before any assessment or data collection. All procedures involving human subjects in this study 

were approved by the Research Ethics Committee at the Department of Psychological Sciences, 

Birkbeck, University of London. 

 

 

2.2. Measures 

 

 2.2.1. Parent Infant Caregiving Touch Scale – adapted version 

An adapted version of the Parent Infant Caregiving Touch Scale (Koukounari et al., 2015) 

was used as a first self-report measure of caregiver touch. The questionnaire was translated into 

German, and in addition to the original items (see: 1.2.), two extra items were added: I sleep in the 

same bed with my baby and I carry my baby in a sling. We added the two additional items because they 

tap into an interesting dimension of proximity, and likely capture parental touch in non-playful or 

infant-focused contexts.  
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The original version of PICTS has a three-factor structure, composed of Stroking, 

Affective Communication, and Holding. We treated the three factors as subscales (Ahmadzadeh 

et al., 2019), and included a fourth subscale (Proximity) comprising the two extra items. A score 

for each subscale was simply computed as a sum of scores for each item loading onto the respective 

factor. We decided to also compute a total score (PICTS Total), composed of all items in the 

questionnaire, in order to get a general measure of touching behaviours. The item I leave my baby to 

lie down loads positively onto the Affective Communication factor, but negatively onto the Holding 

factor (Koukounari et al., 2015). Thus, for both the Holding subscale and the total PICTS score 

these items were reverse-scored. For the total score and the subscale scores, the higher the scores, 

the more often the parent engages in touch-related aspects of caregiving. 

 

 

 

2.2.2. Social Touch Questionnaire  

 Our version of the STQ was translated into German, and three items were removed, as we 

deemed them either not applicable to our study participants (I’d feel uncomfortable if a professor touched 

me on the shoulder in public) or associated with romantic, intimate affection (I like being caressed in 

intimate situations and I feel disgusted when I see public displays of intimate affection). The adapted STQ 

version consisted of the remaining original seventeen items. Higher scores indicate more anxiety 

and embarrassment and less positive experiences with social touch. 

 

 2.2.3. Touch Diary 

A second self-report measure of caregiving behaviours used in our study was a custom 

online Touch Diary, based on diaries previously used in other studies (Barr et al., 1988; Lam et al., 

2010). In the diary, primary caregivers were asked to estimate the number of minutes they spent 

each hour over a period of 24 hours holding (please note that the original German word used 

‘kuscheln’ is closer in meaning to ‘cuddling’), stroking, and talking to their infant, every day for 

seven consecutive days. To indicate the number of minutes, they used slider-like scales, with the 

value “0 minutes” as the minimum, the value “60 minutes” as the maximum, and a 1 minute 

resolution. The diary was hosted on the online platform SurveyMonkey, which formats the 

questionnaires in a smartphone-friendly way. Parents received separate emails with links to the 

diary for seven consecutive days, and were encouraged to fill them out on their smartphones. The 

instructions emphasized that while they should aim for their answers to reflect their actual 
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behaviours, it is understood that they can only be approximate in their estimations. They could 

open the diary for a given day multiple times, and were asked to fill it out whenever convenient.  

 

 2.2.4. Parent-child interaction (PCI)   

 Interactions between parents and their children were filmed and later  coded for parental 

touch patterns. Parent-child interaction (PCI) was observed in two situations: 10 minutes of free 

play (PCI-FP) and 10 minutes of parent answering questions (PCI-Q) from the Infant Behaviour 

Questionnaire – Very Short Version (IBQ-R; Putnam, Helbig, Gartstein, Rothbart, & Leerkes, 

2014). The IBQ-R is a questionnaire designed to assess infant temperament, with questions 

revolving around infant behaviour during the 7 days preceding the assessment (example items: 

When tired, how often did your baby show distress? and During a peekaboo game, how often did the baby laugh?). 

It is worth noting that while the PCI-Q condition was designed to capture parental behaviour in 

non-infant-focused interactions, the topic of the conversation with the experimenter was still the 

child. This could have potentially primed the caregiver to pay more attention to their caregiving 

behaviours. 

The moment when the experimenter left the room was considered the beginning of PCI-

FP, while for PCI-Q the beginning was the moment when the experimenter begun to ask the 

questions. In PCI-Q, if the caregiver answered all the questions from the IBQ-R questionnaire 

before 10 minutes passed (which happened very rarely), the experimenter continued with small 

talk about the child. In the more common case in which not all the questions were answered during 

those 10 minutes, the experimenter stopped asking the questions once 10 minutes passed and the 

caregiver was asked to fill out the missing items at the end of the visit, when they were given the 

PICTS and the STQ questionnaires.  

 The PCI videos were later coded offline, using a custom coding scheme based on criteria 

we adapted and modified from Stack et al. (2014); these were: stroke/caress (CT-targeted touch;  

kiss, pat (light brief touch); hold/hug/cradle (constant pressure applied on large part of body; 

warmth); massage (deep pressure); touch with objects (incl. wiping mouth, fixing clothes; brief 

stroke); moving limbs/body (proprioceptive); tickle (unpredictable); games/routines played on 

body (predictable); static (constant pressure applied on small part of body); rocking (predictable 

and proprioceptive). 

Our aim was to capture the full spectrum of possible tactile behaviours occurring during 

PCIs, while focusing on low-level touch properties (e.g. kissing, holding). We found that such 

properties are easier to identify and label than other, putative higher-level touch properties (e.g., 

affectionate touch, stimulatory touch) used by coding schemes in some studies (e.g., Feldman, 
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Gordon, Schneiderman, Weisman, & Zagoory-Sharon, 2010b). Moreover, in the light of evidence 

that stroking/caressing is associated with distinct neurobiological mechanisms from other types 

of tactile stimulation (McGlone et al., 2014), it was important to us to code this touching behaviour 

separately. 

 

Figure 1. Schematic picture of the room where PCI-FP and PCI-Q took place, including 
the camera positions (A) and a snapshot of the view of the room from camera number 2 (B) 

 

Videos were coded frame by frame using Datavyu software (Datavyu Team, 2014), widely 

used for coding infant data (e.g. Crespo-Llado, Vanderwert, Roberti, & Geangu, 2018; Della 

Longa, Filippetti, Dragovic, & Farroni, 2020) at 30 frames per second. For both conditions, PCI-

FP and PCI-Q, five minutes of interaction were coded, starting with the third and ending with the 

seventh minute of the interaction in each condition. The categories were not mutually exclusive, 

meaning that multiple types of touch (e.g. ‘hold/hug/cradle’ and ‘kiss’) could occur at the same 

time. Total duration for every touch category was later calculated by adding up durations of each 

touch event. The total duration of overall touch, i.e. any time the infant was being touched at all 

during the five minutes of interaction being coded, was also computed in both PCI conditions. 

Inter-rater reliabilities were calculated on 20% of interactions using a two-way mixed, consistency 

single-measures intra-class correlation (ICC; Hallgren, 2012; McGraw & Wong, 1996). The first 

author was the primary coder, whose data was used in the analyses. Although, naturally, she was 

not naïve to the hypotheses of the study, at the time of coding, the PCI-FP and PCI-Q videos 

were not linked to the questionnaire and diary scores. The secondary coder did not have access to 

these scores at all. For the total duration of touch, which was the only coding-based measure used 

in correlational and PCA analyses, the ICC was 0.92, indicating excellent reliability (Cicchetti, 

1994). In case of the specific touch categories, the ICCs ranged from excellent (0.99 for 
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hug/hold/cradle and rocking, 0.97 for games/routines played on body, 0.94 for stroke/caress, 

0.88 for moving limbs/body) through good (0.62 for static) and fair (0.59 for touching with 

objects) to poor (0.35 for tickle and 0.01 for massage) (Cicchetti, 1994). Although the latter two 

categories of touch, tickling and massage, need to be interpreted with caution, the remaining ICC 

values are in the acceptable range, and comparable with those in other studies using this approach 

(e.g. Reece et al., 2016).  

 

2.3 Procedure 

 The data presented here were collected as a part of a larger study investigating the 

relationships between caregiver touch and infant developmental outcomes. Other measures such 

as salivary cortisol and oxytocin, heart rate, and infant performance in table top and eye-tracking 

tasks measuring infant exploratory behaviour and attention were taken. Although these other 

measures and tasks are not part of the current study, we describe the whole visit in order to provide 

a context for interpreting the touch measures reported on throughout the current manuscript. 

 Infants and their caregivers were brought into the lab and provided informed consent 

before the start of the study. The caregivers were made aware that their behaviour during the entire 

duration of the visit will be filmed (unless they withdraw their consent), but were not told that we 

were specifically interested in touching behaviours until the end of the visit. Following a short time 

allowing participants to familiarize themselves with the setting, saliva samples were taken from the 

infant by the caregiver using Salivette® Cotton Swabs (Sarstedt, Rommelsdorft, Germany), and a 

heart rate recording device (Heart Rate band Polar H7 – a device on a strap) was put on the baby’s 

chest. Next, the baby was presented with a two minute long animation during which heart rate 

measurement was taken, after which the experimenter turned on three video cameras and the 

parent was informed that from now on, everything happening in the room would be video 

recorded until the experimenter said otherwise. Then, the parent was asked to change the baby’s 

diaper and, when they were done, Parent-Child Interactions, Free Play (PCI-FP) and Questions 

(PCI-Q), began. 

Both interactions took place in the same room, one after the other. In order to create an 

environment where potential caregiver touch would be maximized, the room was not equipped 

with any toys, only a blanket, a bean-bag and two cushions (see Figure 1.).  

For PCI-FP, parents were instructed to play with their children like they normally would 

at home, without any toys, and if possible, to remain close to the area marked out by the blanket, 

for the cameras to be able to capture the interaction. The experimenter was not present in the 

room, but observed the interaction through a one-way mirror in an adjacent room, a fact which 



 14 

parents were made aware of. After ten minutes of free play, the experimenter returned to the main 

room, sat down on the blanket, and asked questions from the IBQ-R for another ten minutes; this 

constituted the PCI-Q part of the procedure. Afterwards, the baby was again presented with the 

same animation, saliva samples were collected, and the baby then participated in the table top and 

eye-tracking tasks. At the end of the visit, the parent filled in the Parent-Infant Caregiving Scale 

and Social Touch Questionnaire. They were also given instructions for the Touch Diary and were 

informed that completing all seven days of the diary would qualify them to participate in a draw 

to win a 50 euro Amazon voucher. The links to each day entry of the Touch Diary were sent to 

the parents every day for seven consecutive days, with the first one being sent on midnight the day 

following the visit in the lab, and the next ones following every 24 hours.  

The entire parent-infant dyad visit at the lab lasted on average between one and a half and 

two hours.  

 

2.4 Analytical Approach 

 We start by characterizing the range of normal variation in the behaviours of interest, 

across measures, as well as their associations with infant age. We also compare PCI-Q and PCI-

FP. We then go on to investigate to which extent measures of caregiver touch agree with each 

other. We focus on associations between putative equivalent measures (e.g. stroking in Touch 

Diary and the PICTS, holding in the Touch Diary and the PICTS, and Total touch in PICTS, PCI-

FP and PCI-Q). We go on to perform a Principal Component Analysis on all collected measures 

of caregiving behaviours. Finally, we qualitatively compare practical aspects of using a 

questionnaire, a diary and parent-child interaction- derived measures.  

 The descriptive statistics, Pearson and Spearman correlations and the Wilcoxon signed-

rank tests were performed using SPSS (PASW, IBM, version 24.0), while the PCA and data 

visualization was performed in R (version 3.6.0.; R Core Team, 2019), using FactoMineR (Lê et 

al., 2008) and missMDA (Josse & Husson, 2016) packages.   

 

 

3. Results 

 

3.1.1 Touch Diary characteristics 

 Forty-two caregivers (out of seventy one) completed all seven days of the Touch Diary, a 

completion rate of 59%. An additional four parents completed six out of seven days, and their 
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scores were also included in the analyses, resulting in a final completion rate of 65%. This 

completion rate is comparable to that in other studies employing this approach (e.g. Nicholl, 2010).  

 Descriptive statistics can be found in Table 1. While the amount of time spent talking is 

normally distributed in our sample, this is not the case for stroking and cuddling (see the Shapiro-

Wilk tests in Table 1). We did not find significant associations between infant age and talking (rs 

= -0.01, n = 46, p = 0.98), stroking (rs = -0.15, n = 46, p = 0.31), or holding (rs = -0.25, n = 46, p 

= 0.10).  

 

 

 

3.1.2 Parent-Infant Caregiving Touch Scale characteristics 

Sixty-eight parents provided PICTS scores, with data from three parents missing due to 

parents not completing the questionnaire (2 participants) or experimenter error (1 participant). 

The Cronbach’s  value for the total score in our sample was 0.71, which can be considered 

appropriate (A. Field et al., 2012). The mean value of the overall PICTS score was 54 (N = 68, 

minimum = 39, maximum = 65, SD = 5). Table 1. shows descriptive statistics for the total PICTS 

score and subscales. Please note that the subscales Holding, Affective Communication, and 

Proximity are non-normally distributed. 

  

 

Table 1. Descriptive statistics for Touch Diary, PICTS and its subscales, and STQ 

 

 

 We did not find significant associations between infant age and either the Total PICTS 

score (rs = -0.11, n = 68, p = 0.37), Stroking (rs = -0.07, n = 68, p = 0.57), Holding (rs = -0.01, n 

= 68, p = 0.99), or Affective Communication (rs = -0.01, n = 68, p = 0.99). Proximity showed a 

trend towards a negative correlation with infant age (rs = -0.24, n = 68, p < 0.05), but it did not 
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reach statistical significance after correcting for multiple comparisons (p = 0.005 significance 

threshold Bonferroni correction for multiple comparisons). 

 

 

3.1.3 Social Touch Questionnaire characteristics 

 All but one participant provided STQ scores. The STQ score is normally distributed in our 

sample. The Cronbach’s  value was 0.75, indicating appropriate reliability (Field et al., 2012). We 

did not find an association between the STQ score and infant age (rs = 0.17, n = 70, p = 0.17). 

More detailed descriptive statistics can be seen in Table 1. 

 

3.1.4 Parent – Child Interaction characteristics 

 Characteristics of the different categories of touch, as coded from the Parent Child 

Interaction – Free Play and Parent Child Interaction – Questionnaire are depicted in Table 2.  

Descriptive statistics on touching behaviours in a playful (PCI-FP) and functional (PCI-Q) 

context, and Wilcoxon signed rank tests between median durations of touching behaviours in 

those two contexts are presented in Table 2. Histograms depicting duration distributions of some 

of the touch categories during PCI-FP and PCI-Q can be found in Supplementary Material. Our 

findings suggest that caregiver touch during a free play, infant-focused situation differs both 

quantitatively and qualitatively from caregiver touch in a situation where the caregiver’s attention 

is not focused on the infant.  

 We found a significant negative correlation between PCI-FP Total Touch (rs = -0.40, n = 

71, p = 0.001) and infant age. PCI-Q Total Touch showed a trend towards a negative correlation 

with infant age (rs = -0.28, n = 68, p = 0.02) which did not reach the Bonferroni-corrected 

significance level of 0.005. There was a trend towards a negative correlation between stroking and 

age during free play (rs = -0.33, n = 67, p = 0.006), but not during a non-playful interaction (rs = 

0.09, n = 69, p = 0.481).   
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Table 2. Descriptive statistics for touch behaviour categories in PCI-FP and PCI-Q (data from 

both age groups pooled together). Categories were coded over a period of 300 seconds (5 

minutes). 

 

3.2 Associations between measures of equivalent behaviours 

 Pearson and (where the variables did not meet the normality criterium - see Table 1) 

Spearman correlations were calculated to investigate the consistency between measures supposed 

to capture equivalent behaviours, and relationships between self-reported and observed measures 

of caregiver touch: stroking in Touch Diary and the PICTS, holding in the Touch Diary and the 

PICTS, and Total touch in PICTS, PCI-FP and PCI-Q. The full correlation table can be found in 

Supplementary Material (Table 5). The significance level was Bonferroni corrected for multiple 

comparisons with the resulting threshold of p = 0.004. 

We found that stroking reported in the Touch Diary was positively correlated with the 

Stroking factor of PICTS (rs = .45, n = 44, p = .002). No other relationships between variables 

supposed to reflect particular behaviours reached statistical significance. However, we found the 

total PICTS score to be correlated with total touch in PCI-FP (rs = .39, n = 68, p = .001).  

 These results indicate some consistency between the self-reported measures of parental 

stroking, and confirm the external validity of the PICTS scale for the first time, showing that its 

scores map onto caregiver behaviour as observed in the lab. 

 

3.3 Dimensional data structure   



 18 

 Principal component analysis (PCA) was conducted as a part of an exploratory 

investigation into the overall dimensional structure of the data. We aimed to understand the 

dimensional structure underlying our collection of measures, specifically, whether we could 

observe a common underlying factor emerging from all our measures. Variables violating the ‘no 

significant outliers’ assumption of PCA were excluded from the analyses, leaving Stroking PICTS, 

Holding PICTS, Affective Communication PICTS, Proximity PICTS, STQ, total duration of 

touch during PCI-FP, and PCI-Q, and diary measures of stroking and talking. In order to correct 

for missing data (which was quite a high proportion in the diary measures – 35%), we used the 

MissMDA R package to perform multiple imputation with the iterative PCA method (Josse & 

Husson, 2016). This method of handling missing data has been found to be optimal for performing 

PCA (Dray & Josse, 2015). Data from both age groups was pooled in order to fulfil the sampling 

adequacy criterium of PCA (5 – 10 cases per variable). The Kaiser-Meyer-Olkin measure verified 

the sampling adequacy for the analysis KMO = .67, which is above the acceptable limit of .5 ( 

Field, Miles, & Field, 2012; p. 770). Bartlett’s test of sphericity, 2 (36) = 176.523, p < .001 indicated 

that correlations between items were sufficiently large for PCA. Analysis of the scree plot 

suggested that two components should be retained. In combination, these two components 

explained 53.41% of the variance. Figure 1 shows a visualisation of unrotated PCA results with 

added uncertainties generated by the multiple imputation, and factor loadings can be found in 

Table 3. 
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Figure 2. Variable representation in the PCA two-dimensional space (unrotated), with visualized 

uncertainties associated with imputation of missing values. The ellipses and clouds of dots 

represent overlapped outcomes of the PCA after 1000 imputation simulations. 

 

 

Table 3. Factor loadings of the PCA 
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 The items that load on the two dimensions suggest that Dimension 1 is more associated 

with self-reported measures of caregiving behaviours, while Dimension 2 represents directly 

observed caregiver touch. This is compatible with the idea that Dimension 1 is more associated 

with what has been called  “faking good” (Field, 2019), while Dimension 2 is a more accurate 

account of caregiver behaviour patterns. PCI-FP loads positively onto both dimensions, which 

would indicate that while it is a direct observation, there is also an element of the caregiver 

potentially being hyper-conscious of their behaviour, wanting to perform. However, it may also 

be the case that when reporting their touching behaviours, caregivers are better at recalling those 

interactions in which they were focused on the infant, which is why self-report measures may be 

more biased towards touch measured during play rather than capturing touch throughout daily 

activities. 

 One interesting feature of the results is the negative loadings of the Diary measures of 

talking and stroking onto Dimension 2, which speaks in favour of the playful vs. non-playful 

interpretation of the two dimensions. In this interpretation, Dimension 1 reflects caregiver 

behaviour in free-play, infant-focused interactions, while Dimension 2 is associated with touch in 

everyday situations in moments when caregiver attention is not focused on the baby. In such 

situations, talking to and stroking the baby would not necessarily occur. However, given the 

amount of missing data and the uncertainties associated with the Touch Diary measures (see Figure 

1.), one has to be cautious when drawing conclusions based on these measures.  

 STQ, a measure of anxiety and discomfort associated with social touch, loads negatively 

onto both dimensions, albeit the loading onto Dimension 1 is larger. This indicates that parental 

attitudes and affects towards social touch are, as predicted, associated with caregiving behaviours, 

but more so in case of self-reported touch and touch occurring in playful/infant-focused 

interactions. 

 

4. Discussion 

 Researchers wanting to investigate the relationship between touch and infant 

development face a difficult challenge of choosing the right measure(s) to capture the dimensions 

of touch they are interested in. By employing three different measures of caregiver touch in one 

study, one-off questionnaires, a diary and objective measures captured during parent-child 

interaction, we were able to not only describe the natural variation in various aspects of caregiving 

behaviours, but also show how those measures relate to each other.  

 We observed significant variation across behaviours of interest, with a number of variable 

distributions being normal. This observation was particularly informative with regard to the PICTS 
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questionnaire measure (Koukounari et al., 2015), as it could have been subject to a ceiling effect, 

with the possibility of parents consistently reporting high levels of touching behaviours in efforts 

to come across as good caregivers. We did however find the total score and the Stroking subscale 

score to be normally distributed in our sample.  

 An important feature of our study was observing touch both during play, as most previous 

studies have, and in a situation in which parents may not be particularly focused on or aware of 

their typical caregiving behaviours. The latter condition differed from the former in two important 

ways: the interaction was not infant-focused, and there was ambiguity as to whether or not parents’ 

behaviour was being measured. As predicted, we observed quantitative and qualitative differences 

in parental touching behaviours between these contexts. Parents generally touched their children 

less when talking to the experimenter than during free play. It is important to note though that, 

although total duration of touch was smaller in PCI-Q, the spread was larger, suggesting that this 

measure captures more variance. The nature of touch behaviours varied, with more holding during 

PCI-Q but more playful touch (tickling, kissing) during PCI-FP. Interestingly, no differences were 

found in the time spent stroking the child. In general, we found that parents used relatively little 

stroking during PCI. This finding is consistent with what was reported in other studies using 

observed measures of touch (Jean & Stack, 2009; Mantis et al., 2019). Despite the documented 

benefits of this type of tactile stimulation (Pickles et al., 2017; Van Puyvelde et al., 2019), and the 

enhanced focus on investigating its mechanisms in early development (Gliga, Farroni & Cascio, 

2019), stroking may occur relatively rarely, or mostly in specific contexts (e.g. feeding or rest). 

Thus, stroking may be better captured by parental self-reports, which reflect on touch across daily 

activities. We indeed found a good degree of agreement between the PICTS stroking subscale and 

stroking reported in the diary.  

With regard to infant age, we observed that the older the babies were, the shorter were the 

observed total durations of caregiver touch during parent-child interactions. Jean et al. (2009) 

found a similar effect in a longitudinal study with infants aged 1, 3 and 5 and a half months.  This 

observation comes as little surprise, considering how a lot of caregiver-infant physical contact 

serves the purpose of moving or securing the position of an infant whose motor skills do not yet 

allow them to do so themselves (Little et al., 2019), and gross motor skills develop rapidly around 

the time infants turn one year old (Adolph & Robinson, 2015). What is more interesting, is that 

the self-report measures of caregiver touch in our study did not show such associations with infant 

age. While this finding could indicate that self-reported touch is biased towards ‘faking good’, the 

fact that questionnaire scores were correlated with parental behaviour observed in the lab speaks 

against this interpretation. It is more likely that the self-reported estimates of touch provide 
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information on beliefs which are fairly stable across infant development. This is a first indication 

that self-report measures also capture individual differences in parental tendencies and attitudes 

associated with their caregiving practices.   

When comparing touch estimates across measures, we found the total PICTS scores to be 

moderately correlated with the duration of touch in parent-infant interaction, demonstrating that 

the PICTS scores map onto real-life caregiver behaviour. Considering that the PICTS is a relatively 

short, uncomplicated questionnaire filled out by the parent at a single time point, this finding 

further confirms the usefulness of this psychometric tool. Our analysis of the dimensional 

structure of our data also showed that touch during free play was more positively related to 

parental self-reported touch than touch in the functional context, with the latter forming an 

independent dimension. All this evidence combined suggests that the self-report and free-play-

based measures may not capture the entire spectrum of caregiver touching behaviours. In 

particular, our findings suggest that the PICTS is biased towards reporting on touch during periods 

of time in which the parent is focussed on interacting with the child.  

An ideal measure would describe parental touch across a variety of contexts, yielding full-

scale estimates similar to those in animal studies. Diaries, in theory, have the potential of fulfilling 

this criterium, considering the time-span they cover and their straightforward descriptiveness. 

However, in our study we found little added value of the diary measure. The dimensional structure 

of our data revealed that the diary-based estimates were closer to the questionnaire-based estimates 

than to the touch observed during parent-child interaction. Moreover, our diary measure was 

associated with a large proportion of missing data. Even though we tried to make it easy to use, 

with a slider-scale and smartphone-friendly design, filling it out daily was likely still a cumbersome 

task for parents of infants.  

One of the objectives of our study was to compare the practical aspects of existing 

caregiver touch measures. Table 4 provides a brief overview of our insights into the psychometric 

aspects as well as the time costs for both the parent and the researcher, and the amount of missing 

data associated with each measure. This overview is largely based on our subjective observations, 

and it is possible that in other samples or with slightly modified methods these features would 

look different – our aim was to draw attention to the advantages and disadvantages we 

experienced. 
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Table 4. Comparison of psychometric and practical aspects of each measure of caregiver 

touch 

 

In conclusion, we find moderate to low agreement between measures of caregiver touch, 

in infancy. A brief questionnaire, the PICTS, seems to capture touch during particular daily 

activities, when caregiver’s attention is directed to the child, but may provide a more veridical 

estimate of particular types of touch, such as stroking. Given the key role given to this type of 

touch in developmental literature, this may explain why the PICTS associates with various 

developmental variables (e.g. Pickles et al., 2017). For a broader depiction of caregiver touching 

behaviours, researchers ideally should record parent child interaction in a variety of contexts. This 

may be true for capturing other types of interaction, not only touch. Just as is now possible to 

record verbal interaction continuously during the day, to validate lab-based or questionnaire 

measures (Canault et al., 2016), in the future smart suits (Zhu et al., 2015) may automatically 

register physical contact. Efforts to automate the video-coding process (e.g. Chen et al., 2016) 

could decrease the workload on the researchers and make it feasible to extend the period of time 

during which touch is directly observed and characterized.  

 

 

  



 24 

 
 
 
 
 
 
 
 
 
 

 

Acknowledgements 

 

We would like to thank the infants and their parents for their participation in this study. We also 

thank Johanna Maninger and Sofia Soares for their valuable assistance in video coding.  

 

AB, MRL, DM, FW and TG were supported by the European Union’s Horizon 2020 Research 

and Innovation Programme under the Maria Skłodowska-Curie Grant Agreement no. 721895  

 

 

Conflict of Interest 

 

The authors declare no conflict of interest with regard to any funding source for this study. 

 

  



 25 

 

References 

 

Adolph, K. E., & Robinson, S. R. (2015). Motor Development. In Handbook of Child Psychology and 

Developmental Science (Issue April). https://doi.org/10.1002/9781118963418.childpsy204 

Aguirre, M., Couderc, A., Epinat-Duclos, J., & Mascaro, O. (2019). Infants discriminate the 

source of social touch at stroking speeds eliciting maximal firing rates in CT-fibers. 

Developmental Cognitive Neuroscience, 36(3), 100639. 

https://doi.org/10.1016/j.dcn.2019.100639 

Ahmadzadeh, Y. I., Eley, T. C., Plomin, R., Dale, P. S., Lester, K. J., Oliver, B. R., McMillan, A., 

& McAdams, T. A. (2019). Children of the Twins Early Development Study (CoTEDS): A 

Children-of-Twins Study. Twin Research and Human Genetics, 1–9. 

https://doi.org/10.1017/thg.2019.61 

Barr, R. G., Kramer, M. S., Boisjoly, C., McVey-White, L., & Pless, I. B. (1988). Parental diary of 

infant cry and fuss behaviour. Archives of Disease in Childhood, 63(4), 380–387. 

https://doi.org/10.1136/adc.63.4.380 

Botero, M., Langley, H. A., & Venta, A. (2019). The untenable omission of touch in maternal 

sensitivity and attachment research. Inf Child Dev., September, 1–24. 

https://doi.org/10.1002/icd.2159 

Caldji, C., Tannenbaum, B., Sharma, S., Francis, D., Plotsky, P. M., & Meaney, M. J. (1998). 

Maternal care during infancy regulates the development of neural. Proceedings of the National 

Academy of Sciences of the United States of America, 95(April), 5335–5340. 

Canault, M., Le Normand, M. T., Foudil, S., Loundon, N., & Thai-Van, H. (2016). Reliability of 

the Language ENvironment Analysis system (LENATM) in European French. Behavior 

Research Methods, 48(3), 1109–1124. https://doi.org/10.3758/s13428-015-0634-8 

Chen, Q., Li, H., Abu-Zhaya, R., Seidl, A., Zhu, F., & Delp, E. J. (2016). Touch Event 

Recognition For Human Interaction. Electronic Imaging, 2016(11), 1–6. 

https://doi.org/10.2352/ISSN.2470-1173.2016.11.IMAWM-465 

Cicchetti, D. V. (1994). Interreliability Standards in Psychological Evaluations. Psychological 

Assessment, 4, 284–290. 

Cong, X., Ludington-Hoe, S. M., & Walsh, S. (2011). Randomized Crossover Trial of Kangaroo 

Care to Reduce Biobehavioral Pain Responses in Preterm Infants: A Pilot Study. Biological 

Research for Nursing, 13(2), 204–216. https://doi.org/10.1177/1099800410385839 

Crespo-Llado, M., Vanderwert, R., Roberti, E., & Geangu, E. (2018). Eight-month-old infants’ 



 26 

behavioral responses to peers’ emotions as related to the asymmetric frontal cortex activity. 

Scientific Reports, 8(17152). https://doi.org/10.1038/s41598-018-35219-4 

Datavyu Team (2014). Datavyu: A Video Coding Tool. Databrary Project, New York University. 

URL http://datavyu.org. 

Della Longa, L., Filippetti, M. L., Dragovic, D., & Farroni, T. (2020). Synchrony of Caresses: 

Does Affective Touch Help Infants to Detect Body-Related Visual–Tactile Synchrony? 

Frontiers in Psychology, 10(1), 1–10. https://doi.org/10.3389/fpsyg.2019.02944 

Dray, S., & Josse, J. (2015). Principal component analysis with missing values: a comparative 

survey of methods. Plant Ecology, 216(5), 657–667. https://doi.org/10.1007/s11258-014-

0406-z 

Feldman, R., Eidelman, A. I., Sirota, L., & Weller, A. (2002). Comparison of Skin-to-Skin 

(Kangaroo) and Traditional Care: Parenting Outcomes and Preterm Infant Development. 

Pediatrics, 110(1), 16–26. https://doi.org/10.1542/peds.110.1.16 

Feldman, Ruth, Gordon, I., Schneiderman, I., Weisman, O., & Zagoory-Sharon, O. (2010a). 

Natural variations in maternal and paternal care are associated with systematic changes in 

oxytocin following parent-infant contact. Psychoneuroendocrinology, 35(8), 1133–1141. 

https://doi.org/10.1016/j.psyneuen.2010.01.013 

Feldman, Ruth, Gordon, I., Schneiderman, I., Weisman, O., & Zagoory-Sharon, O. (2010b). 

Natural variations in maternal and paternal care are associated with systematic changes in 

oxytocin following parent-infant contact. Psychoneuroendocrinology, 35(8), 1133–1141. 

https://doi.org/10.1016/j.psyneuen.2010.01.013 

Feldman, Ruth, Singer, M., & Zagoory, O. (2010). Touch attenuates infants’ physiological 

reactivity to stress. Developmental Science, 13(2), 271–278. https://doi.org/10.1111/j.1467-

7687.2009.00890.x 

Feldman, Ruth, Weller, A., Sirota, L., & Eidelman, A. I. (2003). Testing a family intervention 

hypothesis: The contribution of mother-infant skin-to-skin contact (kangaroo care) to 

family interaction, proximity, and touch. Journal of Family Psychology, 17(1), 94–107. 

https://doi.org/10.1037/0893-3200.17.1.94 

Field, A., Miles, J., & Field, Z. (2012). Discovering Statistics Using R. SAGE Publications Ltd. 

Field, T. (2001). Touch. The MIT Press. 

Field, T. (2019). Social touch, CT touch and massage therapy: A narrative review. Developmental 

Review, 51(6), 123–145. https://doi.org/10.1016/j.dr.2019.01.002 

Field, T., Diego, M. A., Hernandez-Reif, M., Deeds, O., & Figuereido, B. (2006). Moderate 

versus light pressure massage therapy leads to greater weight gain in preterm infants. Infant 



 27 

Behavior and Development, 29(4), 574–578. https://doi.org/10.1016/j.infbeh.2006.07.011 

Francis, D. D., & Kuhar, M. J. (2008). Frequency of maternal licking and grooming correlates 

negatively with vulnerability to cocaine and alcohol use in rats. Pharmacology Biochemistry and 

Behavior, 90(3), 497–500. https://doi.org/10.1016/j.pbb.2008.04.012 

Francis, D., Diorio, J., Liu, D., & Meaney, M. J. (1999). Nongenomic transmission across 

generations of maternal behavior and stress responses in the rat. Science, 286(5442), 1155–

1158. 

Fulkerson, M. (2014). The First Sense: A Philosophical Study of Human Touch. The MIT Press. 

Gitau, R., Modi, N., Gianakoulopoulos, X., Bond, C., Glover, V., & Stevenson, J. (2002). Acute 

effects of maternal skin-to-skin contact and massage on saliva cortisol in preterm babies. 

Journal of Reproductive and Infant Psychology, 20(2), 83–88. 

https://doi.org/10.1080/02646830220134595 

Gliga, T., Farroni, T., & Cascio, C. J. (2019). Social touch: a new vista for developmental 

cognitive neuroscience? Developmental Cognitive Neuroscience, 35, 1–4. 

https://doi.org/10.1016/j.dcn.2018.05.006 

Guardini, G., Mariti, C., Bowen, J., Fatjó, J., Ruzzante, S., Martorell, A., Sighieri, C., & Gazzano, 

A. (2016). Influence of morning maternal care on the behavioural responses of 8-week-old 

Beagle puppies to new environmental and social stimuli. Applied Animal Behaviour Science, 

181, 137–144. https://doi.org/10.1016/j.applanim.2016.05.006 

Hallgren, K. A. (2012). Computing Inter-Rater Reliability for Observational Data: An Overview 

and Tutorial. Tutor Quant Methods Psychol., 8(1), 23–34. 

https://doi.org/10.1080/11035896009449194 

Harlow, H. F., & Zimmermann, R. R. (1959). Affectional Responses in the Infant Monkey. 

Science, 130(3373), 421–432. https://doi.org/10.1126/science.130.3373.421 

Hertenstein, M. J. (2002). Touch: Its communicative functions in infancy. Human Development, 

45(2), 70–94. https://doi.org/10.1159/000048154 

Jean, A. D. L., & Stack, D. M. (2009). Functions of maternal touch and infants’ affect during 

face-to-face interactions: New directions for the still-face. Infant Behavior and Development, 

32(1), 123–128. https://doi.org/10.1016/j.infbeh.2008.09.008 

Jean, A. D. L., Stack, D. M., & Fogel, A. (2009). A longitudinal investigation of maternal 

touching across the first 6 months of life: Age and context effects. Infant Behavior and 

Development, 32(3), 344–349. https://doi.org/10.1016/j.infbeh.2009.04.005 

Josse, J., & Husson, F. (2016). missMDA: a package for handling missing values in multivariate 

data analysis. Journal of Statistical Software, 70(1), 1–31. 



 28 

Koukounari, A., Pickles, A., Hill, J., & Sharp, H. (2015). Psychometric properties of the parent-

infant caregiving touch scale. Frontiers in Psychology, 6(DEC), 1–10. 

https://doi.org/10.3389/fpsyg.2015.01887 

Krol, K. M., Moulder, R. G., Lillard, T. S., Grossmann, T., & Connelly, J. J. (2019). Epigenetic 

dynamics in infancy and the impact of maternal engagement. Science Advances, 5(10), 1–8. 

https://doi.org/10.1126/sciadv.aay0680 

Lam, J., Barr, R., Catherine, N., Tsui, H., Hahnhaussen, C., Pauwels, J., & Brant, R. (2010). 

Electronic and paper diary recording of infant and caregiver behaviors. J Dev Behav Pediatr., 

31(9), 685–693. 

Lê, S., Josse, J., & Husson, F. (2008). FactoMineR: An R Package for Multivariate Analysis. 

Journal of Statistical Software, 25(1), 253–258. https://doi.org/10.1016/j.envint.2008.06.007 

Little, E. E., Legare, C. H., & Carver, L. J. (2019). Culture, carrying, and communication: Beliefs 

and behavior associated with babywearing. Infant Behavior and Development, 57(January), 

101320. https://doi.org/10.1016/j.infbeh.2019.04.002 

Maclean, K. (2003). The impact of institutionalization on child development. Development and 

Psychopathology, 15(4), 853–884. https://doi.org/10.1017/S0954579403000415 

Mantis, I., Mercuri, M., Stack, D. M., & Field, T. M. (2019). Depressed and non-depressed 

mothers’ touching during social interactions with their infants. Developmental Cognitive 

Neuroscience, 35(3), 57–65. https://doi.org/10.1016/j.dcn.2018.01.005 

McGlone, F., Wessberg, J., & Olausson, H. (2014). Discriminative and Affective Touch: Sensing 

and Feeling. Neuron, 82(4), 737–755. https://doi.org/10.1016/j.neuron.2014.05.001 

McGraw, K. O., & Wong, S. P. (1996). Forming inferences about some intraclass correlations 

coefficients. Psychological Methods, 1(4), 390–390. https://doi.org/10.1037//1082-

989x.1.4.390 

Moore, S. R., McEwen, L. M., Quirt, J., Morin, A., Mah, S. M., Barr, R. G., Boyce, W. T., & 

Kobor, M. S. (2017). Epigenetic correlates of neonatal contact in humans. Development and 

Psychopathology, 29(05), 1517–1538. https://doi.org/10.1017/S0954579417001213 

Moreno, A. J., Posada, G. E., & Goldyn, D. T. (2006). Presence and quality of touch influence 

coregulation in mother-infant dyads. Infancy, 9(1), 1–20. 

https://doi.org/10.1207/s15327078in0901_1 

Nicholl, H. (2010). Diaries as a method of data collection in research. Paediatric Nursing, 22(7), 

16–20. https://doi.org/10.7748/paed2010.09.22.7.16.c7948 

Parent, C., Nguyen, H. B., Wen, X., Diorio, J., Meaney, M. J., & Zhang, T. Y. (2017). Maternal 

care modulates the febrile response to lipopolysaccharide through differences in 



 29 

glucocorticoid receptor sensitivity in the rat. Brain, Behavior, and Immunity, 65, 239–250. 

https://doi.org/10.1016/j.bbi.2017.05.007 

Pickles, A., Sharp, H., Hellier, J., & Hill, J. (2017). Prenatal anxiety, maternal stroking in infancy, 

and symptoms of emotional and behavioral disorders at 3.5 years. European Child and 

Adolescent Psychiatry, 26(3), 325–334. https://doi.org/10.1007/s00787-016-0886-6 

Putnam, S. P., Helbig, A. L., Gartstein, M. A., Rothbart, M. K., & Leerkes, E. (2014). 

Development and assessment of short and very short forms of the infant behavior 

questionnaire-revised. Journal of Personality Assessment, 96(4), 445–458. 

https://doi.org/10.1080/00223891.2013.841171 

R Core Team (2019). R: A language and environment for statistical computing. R Foundation for 

Statistical Computing, Vienna, Austria. URL https://www.R-project.org/. 

Reece, C., Ebstein, R., Cheng, X., Ng, T., & Schirmer, A. (2016). Maternal touch predicts social 

orienting in young children. Cognitive Development, 39, 128–140. 

https://doi.org/10.1016/j.cogdev.2016.05.001 

Simpson, E. A., Sclafani, V., Paukner, A., Kaburu, S. S. K., Suomi, S. J., & Ferrari, P. F. (2019). 

Handling newborn monkeys alters later exploratory, cognitive, and social behaviors. 

Developmental Cognitive Neuroscience, 35(7), 12–19. https://doi.org/10.1016/j.dcn.2017.07.010 

Stack, D. M., & Muir, D. W. (1992). Adult Tactile Stimulation during Face‐to‐Face Interactions 

Modulates Five‐Month‐Olds’ Affect and Attention. Child Development, 63(6), 1509–1525. 

https://doi.org/10.1111/j.1467-8624.1992.tb01711.x 

Suchecki, D., Rosenfeld, P., & Levine, S. (1993). Maternal regulation of the hypothalamic-

pituitary-adrenal axis in the infant rat: the roles of feeding and stroking. Developmental Brain 

Research, 75(2), 185–192. https://doi.org/10.1016/0165-3806(93)90022-3 

Van Puyvelde, M., Gorissen, A. S., Pattyn, N., & McGlone, F. (2019). Does touch matter? The 

impact of stroking versus non-stroking maternal touch on cardio-respiratory processes in 

mothers and infants. Physiology and Behavior, 207(4), 55–63. 

https://doi.org/10.1016/j.physbeh.2019.04.024 

Wilhelm, F. H., Kochar, A. S., Roth, W. T., & Gross, J. J. (2001). Social anxiety and response to 

touch: Incongruence between self-evaluative and physiological reactions. Biological Psychology, 

58(3), 181–202. https://doi.org/10.1016/S0301-0511(01)00113-2 

Zhu, Z., Liu, T., Li, G., Li, T., & Inoue, Y. (2015). Wearable sensor systems for infants. Sensors 

(Switzerland), 15(2), 3721–3749. https://doi.org/10.3390/s150203721 

 

 



 30 

 

 


