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Abstract
The left cradling preference refers to the finding that women hold their infants more frequently on the left side of their own
bodies. Several observational studies showed reduced left cradling during stressful circumstances, such as mother–infant
separation, or domestic violence. However, until now no experimental study was conducted to investigate the immediate
impact of stress on cradling behaviour.

Half of the 64 female subjects participating were randomly assigned to a stressful bilateral cold pressor test. The remaining
subjects performed a non-stressful control procedure. Before and after this intervention, cradling behaviour was assessed
using a baby-like doll.

Subjects showed a left cradling preference prior to the intervention. The cold pressor test increased blood pressure and
heart rate significantly. A repeated ANOVA revealed an interaction of intervention (cold pressor vs. control) X assessment
period (pre- vs. post-intervention), indicating that cold pressor stress reduces left cradling behaviour in female volunteers.

Our data indicate that stress influences cradling preference. This may be of relevance for caregiver–infant interactions.

Keywords: Autonomic arousal, lateralisation, caregiver–infant relationship, handedness, cold pain

Introduction

Previous research has shown that approximately 70–

80% of mothers cradle their infant on the left side of

their body (Salk 1973; Bogren 1984; De Château

1991). A left cradling preference was also shown in

nulliparous students (e.g. Saling and Tyson 1981;

Lucas et al. 1993; Bourne and Todd 2004; Vauclair

and Donnot 2004), children (de Château and

Andersson 1976; Manning and Chamberlain 1991;

Souza-Godeli 1996) and non-human primates (Man-

ning and Chamberlain 1990). The holding preference

is specific for infants and dolls. Several studies have

shown a left cradling preference that is independent of

whether a baby is real or imaginary and is not elicited

by real or imaginary objects without typical baby

features (Souza-Godeli 1996; Harris et al. 2000; Todd

2001; Almerigi et al. 2002; Erber et al. 2002).

Numerous studies have indicated that the left cradling

bias is manifested irrespective of handedness (Saling

and Bonert 1983; Turnbull and Lucas 1996; Todd

2001) and prior experience with infants (Turnbull and

Lucas 1991; Todd 2001).

Cradling plays a vital role in the mother–child

relationship. Transportation, feeding, physical care,

calming the upset infant, arousal and social inte-

gration of the child are tasks that take place in the

cradling position (Rheingold and Keene 1965). As

those examples show infants spend a lot of their

waking time in the arms of their mothers and this

makes cradling one of the main situations where

mother–child interaction is taking place.

A widely discussed theory to explain the left cradling

preference has its focus on the mother–child
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interaction. A mother expresses her feelings to her child

through various sensory modalities by touch, gesture,

facial expression and sound. Visual, auditory and

somato-sensory nerves project to the contra-lateral

cerebral hemisphere. Both hemispheres are involved in

the processing of emotion but the right hemisphere is

superior in decoding of facial expressions and emotional

stimuli (Leventhal and Tomarken 1986). Cradling the

baby on the left side in the left visual field therefore

enhances the processing of its facial expressions and

affective signals, resulting in an enhanced mother–child

communication (Sieratzki and Woll 1996, 2002) and

monitoring of the infant’s well-being (Manning and

Chamberlain 1990, 1991; Manning 1991). Yet, not only

is the decoding of signals of the infant by its mother

facilitated, but the child also has the advantage of being

able to monitor the left side of its mother’s face, which is

more expressive than the right side (Manning and

Chamberlain 1990, 1991). Thus, it was concluded

(Sieratzki and Woll 1996) that mother–infant com-

munication is facilitated by left sided cradling.

The majority of women exhibit a left cradling

preference. There is, however, substantial between

subject variability and a number of women cradle on

the right or do not show any cradling preference at all.

The proportion of women who have been observed to

display no cradling bias to either side varies between 9

and 30% (Reissland 2000; Todd 2001; Weatherill et al.

2004). Furthermore, there is substantial within

subject variability and most mothers at least some-

times change the side of holding (Todd and Butter-

worth 1998). Reissland (2000) examined in her study

the consistency of the left cradling bias and the

assumption that left cradling is associated with a lower

pitched and more soothing voice quality, whereas

right-cradling is associated with a higher pitched and

more controlling voice quality. The results suggested

that cradling behaviour is variable and might be

related to the mothers’ or the infants’ emotional states.

There are several reasons for a reduced left cradling

preference or a right cradling preference such as arm

fatigue, feeding situations, or other manual activities.

One of the most important reasons though, might be

the influence of stress on cradling. Either no cradling

preference, a right sided preference or a reduced left

cradling preference was found in the following

situations: In captive chimpanzees in a laboratory

setting (Dienske et al. 1995), in mothers who

experienced separation of their baby shortly after

delivery (Salk 1973; De Château 1991), in mothers

who started worrying a lot about delivery from the first

months of pregnancy (Bogren 1984), in mothers with

a mild to moderate depression and in mothers who

reported experiencing domestic violence (Weatherill

et al. 2004). Sieratzki and Woll (2004) reported that

deaf mothers of hearing parents showed a rightward

cradling bias with deaf children. They assumed that

the experience of the insecurity of their hearing

parents resulted in greater anxiety of these mothers

with their babies, which might have caused the right

cradling preference. De Château (1991) reported that

women holding their infants on the right side more

often experienced bodily changes during pregnancy as

ugly and unattractive. Furthermore, Bogren (1984)

found that women who had unplanned pregnancies or

who had problems to conceive were more frequently

right holders. He suggested that the psychological

tension evoked by those situations was responsible for

the right side preference. Overall, the common

element in all those studies is that the subjects were

in stressful circumstances, or perceived stress.

Stress is an important factor that may affect social

interactions, especially the mother–child interaction

(Assel et al. 2002; Crnic et al. 2005). Mothers during

stressful life episodes were less sensitive (Muller-Nix

et al. 2004), more irritable, critical and punitive

(Webster-Stratton 1990). Moreover, stressed mothers

showed less warmth and flexibility in interactions with

their children. They also had lower levels of warm

responsiveness, which was measured as sensitivity to

the child’s cues, amount of physical affection, praise,

avoidance of negative comments about the child,

maternal promptness and sensitivity in responding to

children’s cues and appropriateness of responses

(Assel et al. 2002). Overall, stress seems to be a factor

that has the power to disrupt parenting practices

seriously and results in a lower quality of the mother–

child interaction (Webster-Stratton 1990; Crnic et al.

2005), suggesting that stress may also affect the

cradling position. However, until now no experimen-

tal study examined the direct impact of stress on

cradling behaviour.

The current study was performed to examine the

influence of a psychophysiological stressor on cradling

behaviour. It was hypothesised that stress induced by a

cold pressor test affects the female left cradling

preference for holding a baby-like doll.

Methods

About 64 healthy nulliparous female undergraduate

psychology students of the University of Basel

participated voluntarily in this study. Two credit

points were given as a modest incentive. The mean

sample age was 21.8 years (SD 3.2). Subjects were

randomly assigned to two groups: the cold pressor

stress intervention group (n ¼ 32), or the control

group (n ¼ 32). Procedures were approved by the

ethical committee of the University of Basel. Subjects

provided informed consent. All studies took place in

rooms prepared for the behavioural exploration of

adults at the Basel Institute of Psychology.

After participants entered the behavioural labora-

tory, they were told that the purpose of the study was

to examine some aspects of bonding between mother

and child. After this short introduction, they were

S. E. Suter et al.46
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asked to rate how intensively they experienced four

mood adjectives (happy, angry, dull, aroused)

depicted from the German short version of the

“Profile of mood states questionnaire (POMS)” on a

7-point likert scale (Albani et al. 2005).

The total experiment consisted of three parts: the

pre-intervention holding assessment period, the

intervention phase and the post-intervention holding

assessment period. Both holding assessment periods

followed an identical protocol. All instructions were

provided verbally using standardized scripts. Holding

position was tested with a baby-like doll. The doll was

a training instrument for nurses with a height of 53 cm

purchased from Medela Company, Switzerland. To

make it most similar to a real infant, its head and body

were filled with gravel and wadding to achieve a total

weight of 3.5 kg. The clothes were chosen to fit the

image of a baby girl (white baby cap and socks, red

pullover, red and white trousers).

At the beginning of each holding assessment period

the subject was seated in an armless chair opposite a

table with a doll lying in a dorsal position with its feet

pointing in the direction of the subject. The room was

sparsely furnished. Two observers, who rated the

subject’s holding behaviour, were seated behind the

table with the doll, facing the subject’s chair. For each

subject, one of the observers was alternately chosen to

instruct and time the procedure with a stopwatch. The

observers monitored alternate assessment periods.

The participant was then given the instruction to

imagine the doll was a real baby called “Anna” and

was about 6 weeks old and to follow the continually

given instructions throughout the whole procedure.

The holding assessment protocol was divided into

three identical trials. One trial consisted of a standing

sequence and a sitting sequence. Trials were separated

by 10 s intervals. The participant was first instructed

to take “Anna” from the table and to remain standing

with her there. After 10 s, the subject was asked to go

back to the chair with “Anna” and to sit down

comfortably. After 45 s, the subject was instructed to

put the doll back on the table and to wait there a

moment. Holding preferences were assessed during

the standing and sitting sequences.

Both observers independently rated holding pre-

ferences. Holding was coded as right or left when the

head of the doll was on the right or the left side of the

subject’s body midline. There was a very high

agreement between the two observers. In the event

of incongruent ratings, holding data of this particular

sequence were set to missing (6.7% of all standing

sequences; 10.6% of all sitting sequences). Previous

research had revealed that only a few subjects changed

the position of the doll within one holding sequence

(Vauclair and Donnot 2004). Thus, holding was

coded according to the initial holding position and

whether subjects changed the holding position during

the sequence was disregarded. Indeed, a change from

left to midline or right position occurred only in 1% of

all observations. Changes from a right position to a

midline or left position (4%) also occurred rarely.

Sequences in which the doll was held in the exact

midline position were scored as missing (3% of all

observations). According to the aforementioned

criteria, there was no subject for who, in any single

period, all standing or sitting sequences had to be

scored as missing. Finally, a laterality index was

calculated for each subject, separately for the standing

or sitting sequences, and pre- and post-intervention by

using a mathematical transformation suggested by

Tomaszycki et al. (1998) according to the formula:

(R 2 L /R þ L). R represents the number of obser-

vations of right-sided holding and L those of left sided

holding. This transformation resulted in a scale

ranging from 21 to þ1 reflecting an extreme left to

respectively right sided lateral bias.

The 32 subjects assigned to the experimental stress

group were exposed to a bilateral cold pressor test.

The unilateral version of this test is a standard

procedure known to be perceived as stressful and

painful. The cold pressor test provokes sympatheti-

cally mediated responses such as increases of blood

pressure, total peripheral resistance and heart rate

(Wolf and Hardy 1941; Hilgard 1969; Calhoun et al.

1993; Antony et al. 1994; Middlekauff et al. 2004).

Subjects were asked to immerse both hands up to the

wrist in a bucket containing crushed ice and water

(48C) for a period of 120 s. They were informed that

for the experiment it was crucial to keep the hands in

the bucket for the whole 2 min and that they should

not take them out until it felt too uncomfortable to

continue. The control procedure was identical to the

cold pressor test, with the exception that the bucket

contained 358C warm water. Blood pressure was

measured in both groups three times before the

intervention and twice during the intervention. The

first measurement during the intervention started after

30 s and the second after approximately 90 s. Blood

pressure and heart rate were measured with an

oscillometric non-invasive blood pressure cuff device

(Dinamap 1486SX, Critikon, FL, USA). For calcu-

lations of blood pressure and heart rate, the three

measures prior to the intervention (resting baseline)

were averaged as well as the two measures during the

intervention (stress level).

The intervention was followed by the post-

intervention holding assessment period with a delay

of 2 min to allow for detaching the blood pressure

measurement apparatus and drying hands. Holding

style was recorded according to the same protocol as

in the first holding period. Then, volunteers were

asked to complete the Edinburgh Handedness

Inventory (Oldfield 1971).

A repeated measures ANOVA was employed to

investigate the impact of the cold pressor stress on

cradling behaviour and the interaction term between

Stress and left cradling preference 47
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the between-factor (cold pressor stress vs. control)

and the within-factor (pre- vs. post-intervention) was

considered to reflect the effect of interest. Pre-

intervention data were included in a covariance

model to control for potential differences in initial

values. t-Tests were used to investigate the significance

of group holding preferences and Pearson correlations

were computed to explore the associations between

metric variables. Intra-class correlations were used to

analyse congruity of holding behaviour between the

two observers. All statistical analyses were performed

by SPSS 11.0 (SPSS, Inc., Chicago, IL, USA). For

statistical tests, an alpha level of p , 0.05 was used.

Means and SD are reported in text and tables. Means

and SE are presented in figures.

Results

Prior to the intervention the majority of participants

cradled the doll on their left side. The corresponding

laterality index of the total group was 20.27 (0.12)

while standing, consisting of 62.5% left cradling

positions, 1.6% midline positions and 35.9% right

cradling positions. The laterality index for the sitting

position was 20.32 (0.11) consisting of 65.6% left

cradling and 34.4% right cradling positions. Laterality

indices differed significantly from zero (paired t-test;

standing: p , 0.05; sitting: p , 0.01).

The Edinburgh Handedness Inventory assesses

handedness on a scale ranging from 2100 (strict left

hand user) to þ100 (strict right hand user). As in

previous studies there was no association between the

subjects’ handedness and their cradling behaviour.

Also, there was no relation between handedness and

cradling behaviour within the two groups. Detailed

information about handedness are reported in Table I.

A group t-test showed that subjects in the cold

pressor stress group did not significantly differ in their

laterality indices from the control group prior to the

intervention. Pre- and post-intervention holding data

for both groups (cold pressor stress, control) and for

both body positions (standing, sitting) are reported in

Table II.

Self-reported ratings of mood items correlated

positively ( p , 0.05) with the pre-intervention later-

ality index of the standing position, indicating that

subjects who reported higher “angry” (r ¼ 0.234) or

“dull” (r ¼ 0.256) values more frequently exhibited a

right sided cradling behaviour. The items “happy”

and “aroused” did not correlate significantly with

holding preferences.

Repeated measures ANOVA revealed a significant

interaction (F(1, 62) ¼ 5.936, p , 0.05) between

intervention (cold pressor stress vs. control) X

assessment period (pre- vs. post-intervention) for the

laterality index during the standing position. Including

the individual laterality indices prior to intervention as

a covariate into an ANCOVA model did not affect this

result, thus indicating that the significant impact of

cold pressor stress on cradling does not rely on

potential group differences prior to intervention.

Differences between pre- and post-holding data

during the standing and sitting position are illustrated

in Figure 1.

There was no significant interaction effect between

intervention (cold pressor stress vs. control) X

Table I. Percentage of subjects with left or right hand preference (Edinburgh Handedness Inventory).

Left hand preference (score 2100–0) (%) Right hand preference (score 0–100) (%) Mean (SEM)

Total sample 9.4 90.6 63.117 (5.3425)

Cold pressor group 15.6 84.4 55.475 (9.0548)

Control group 3.1 96.9 70.759 (5.5002)

Table II. Laterality indices and percentage of right, left and midline cradling of pre- and post-intervention holding data of the stress and the

control group during sitting and standing.

Pre-intervention Post-intervention

Laterality indices Cradling behaviour (%) Laterality indices Cradling behaviour (%)

Standing

Left: 68.8 Left: 56.3

Midline: 3.1% Midline: 3.1%

Cold pressor 2 0.38 (0.15) Right: 28.1% 2 0.14 (0.17) Right: 40.6%

Left: 56.3 Left: 59.4

Control 2 0.15 (0.18) Right: 43.7% 2 0.21 (0.17) Right: 40.6%

Sitting

Left: 65.6 Left: 59.4

Cold pressor 2 0.29 (0.16) Right: 34.4% 2 0.21 (0.17) Right: 40.6%

Left: 65.6 Left: 62.5

Control 2 0.35 (0.16) Right: 34.4% 2 0.26 (0.17) Right: 37.5%

S. E. Suter et al.48
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assessment period (pre- vs. post-intervention) for the

laterality index during the sitting position

(F(1,62) ¼ 0.005, p ¼ 0.945).

The cold pressor test is an aversive and painful test.

Group averages of blood pressure and heart rate

changes during the bilateral cold pressor procedure

were as expected. Systolic blood pressure

( p , 0.001), diastolic blood pressure ( p , 0.001),

mean arterial pressure ( p , 0.001) and heart rate

( p , 0.001) increased significantly (see Table III).

However, 14 (41%) subjects took their hands out of

the cold water before the 2 min were over, before the

two physiological measurements could be completed.

The average time in the cold water for those

individuals was 72 s. Stress-induced blood pressure

reactivity in this group was significantly higher than in

the group of subjects who were able to leave their

hands in the cold water for 120 s ( p , 0.05). Stress-

induced heart rate change did not differ between

subjects who fully completed the test and those who

did not.

Discussion

The current study examined the immediate impact of

stress on cradling preferences of female students.

The main finding of this study is that cold pressor stress

reduces the left cradling preference in the standing

position. Subjects of the intervention group exhibited

a somewhat higher, albeit non-significant, tendency to

cradle on the left side prior to stress. However,

covariance adjustment by including initial holding

data into the statistical model revealed that the cold

pressor stress effect cannot be attributed to

group differences in pre-intervention holding

behaviour.

In the present study, the majority of female students

exhibited a left cradling preference during standing

and sitting. Thus, we replicated earlier findings

(Bourne and Todd 2004; Vauclair and Donnot

2004). We did not find a relation between cradling

preference and handedness, which is also in accord-

ance with the majority of previous reports (Todd

2001; Turnbull and Bryson 2001). However, con-

flicting results have recently been published (van der

Meer and Husby 2006).

Stress affected holding behaviour in the standing

position, but not in the sitting position. This disparity

occurred despite a left cradling preference being

present in both the standing and sitting positions,

which might suggest that cradling behaviour is

controlled by similar processes in both body positions.

However, differences have been demonstrated pre-

viously (Todd 2001), suggesting that separable

mechanisms may be involved in cradling behaviour

in different positions. Until now, there were no data on

whether one of these body positions is more likely to

reveal stress-induced changes of holding preferences.

It may, however, be argued that the sitting position

allows for more comfort and represents a relaxed

condition and consequently may reduce the likelihood

of detecting stress effects. Such an interpretation is

consistent with our findings that stress affects cradling

only in the standing position.

The bilateral cold pressor test was chosen to avoid

the possibility that unilateral peripheral stimulation

may affect holding preferences. However, it may be

that the left hand was more pain-sensitive, as suggested

Figure 1. Pre- and post-intervention holding side differences for

the cold pressor intervention group and the control group during the

standing position. Cold pressor stress induced a significant change

in cradling behaviour towards a right side holding. Data represent

means and standard errors, negative values indicate a change

towards left side cradling, positive values indicate a change towards

right side cradling.

Table III. Group averages of blood pressure and heart rate changes

during the cold pressor test and control procedure.

Cold pressor Control procedure

Systolic blood pressure (mmHg)

Before intervention 118.64 (1.69) 114.10 (2.05)

During intervention 137.98 (3.18) 107.95 (2.35)

Diastolic blood pressure (mmHg)

Before intervention 64.37 (1.38) 61.56 (1.52)

During intervention 85.69 (2.64) 55.00 (1.51)

Mean arterial blood pressure (mmHg)

Before intervention 86.53 (1.38) 83.76 (1.81)

During intervention 109.59 (2.71) 76.59 (1.65)

Heart rate (beats per min)

Before intervention 77.95 (2.58) 75.21 (2.59)

During intervention 91.88 (2.79) 76.02 (2.46)

Stress and left cradling preference 49
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by previous studies investigating heat (Bar et al. 2003;

Sarlani et al. 2003) and cold pain (Schiff and Gagliese

1994). There remains some controversy about this

issue since not all studies have found such differences

(Otto and Yeo 1993). We did not ask our subjects to

rate left–right differences of pain perception, in order

to avoid the priming of laterality effects. Therefore, we

cannot exclude the possibility that increased left hand

pain may have contributed to the observed effect.

Clearly, this aspect needs to be addressed in greater

detail in future research.

The cold pressor test effectively induced activation

of the sympathetic nervous system, as evidenced by

increases of heart rate and blood pressure. Moreover,

the cold pressor test induced pain and discomfort such

that 41% of subjects in the intervention group took

their hands out of the ice-water before 2 min had

elapsed. Stress-induced blood pressure and heart rate

reactivity of those subjects was significantly greater as

compared with subjects who were able to keep their

hands in the water for the 2 min required. This finding

might sufficiently be explained by individual differ-

ences in pain-sensitivity (Hodes et al. 1990).

There are several explanations for the disruptive

effect of stress on left cradling behaviour. Attentional

resources may be directed to the surrounding

environment and at the same time the ability to

concentrate on stress-irrelevant processes may be

diminished (Arnsten 1998). This implies that in

stressful situations attention might be dispersed from

cradling and the infant to other factors, resulting in a

holding behaviour more similar to that found for non-

infant objects. Furthermore, self-preservation pro-

cesses have been associated with left hemispheric

function, while species preservation has been linked to

the right hemisphere (Henry and Wang 1998). Under

stressful circumstances self-preservational mechan-

isms of left hemispheric origin are increasingly

needed. This process may interfere with advanced

functioning of the right hemisphere, at the expense of

the attachment system, which regulates intimacy,

personal relevance and bonding (for review, see Henry

and Wang 1998). Finally, the right hemisphere is

dominantly affected by the feedback of bodily stress-

induced arousal (Critchley et al. 2004), thereby

disrupting right hemispheric processes which promote

left cradling.

Several limitations of this study have to be

discussed. Most important, standing vs. sitting

differences should be interpreted with great caution.

This study was not conducted to investigate the

influence of body position, since we did not include

any permutation of the standing and sitting sequences.

It would have been preferable to use a split sample

design, with half the group having the sitting task first.

Furthermore, our data cannot be generalised to other

populations, such as men, mothers, or non-student

samples. Obviously, using a real infant instead of a

doll, and parents instead of students might have

revealed other insights. Furthermore, facilitated

monitoring requires bi-directional communication,

an aspect not possible to study with a non-responsive

doll and so it is not possible to examine cradling

behaviour fully with dolls instead of real infants.

However, most subjects behaved as if the doll was a

real infant. They patted, touched and stroked “Anna”.

Some greeted her by name before taking her up for the

first time or talked to her. Many fumbled with her

clothing, for example patted the material or adjusted

the baby cap. For future research, it would be

interesting to evaluate such affective behaviour and

to determine whether it is related to cradling

preferences. The correlation of the self-reported

mood state items “angry” and “dull” with holding

data suggests that emotional processes play a role for

actual cradling preferences; further research is needed

to investigate this interesting aspect. Another inter-

esting point would be to assess the eye contact

between subject and doll by the use of video

techniques, which would also facilitate assessment of

holding data. Cameras were not used in the present

study in order to create a surrounding as natural as

possible and to avoid distractions associated with

video-recording that might distress or inhibit the

subjects’ spontaneous behaviour. In general, the cold

pressor stress test proved to be an appropriate method

to induce stress, pain and physiological arousal in our

subjects. For further investigations however, it would

be interesting to investigate other stressors, for

example psychosocial stressors (Kirschbaum et al.

1993). Such tests provide an appropriate model for

the stressors which typically affect a mother in her

daily life.

Conclusion

Although much research has been done in the past

decades on the left cradling preference, no previous

study has examined the immediate influence of acute

stress on cradling behaviour. This study is the first to

show that stress reduces left cradling preference in

nulliparous female volunteers. Our data indicate that

stress influences cradling preference. This may be of

relevance for caregiver– infant interactions under

stress.
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