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Abstract

Sex differences in the ability to cope with stress may contribute to the higher prevalence of stress-related disorders among
women compared to men. We recently provided evidence that displacement behaviour - activities such as scratching and
face touching - represents an important strategy for coping with stressful situations: in a healthy population of men,
displacement behaviour during a social stress test attenuated the relationship between anxiety experienced prior to this
test, and the subsequent self-reported experience of stress. Here, we extend this work to look at physiological and cognitive
(in addition to self-reported) measures of stress, and study both men and women in order to investigate whether sex
moderates the link between displacement behaviour and the response to stress. In a healthy study population, we
quantified displacement behaviour, heart rate and cognitive performance during the Trier Social Stress Test, and used self-
report questionnaires to assess the experience of stress afterwards. Men engaged in displacement behaviour about twice as
often as women, and subsequently reported lower levels of stress. Bivariate correlations revealed that for men, higher rates
of displacement behaviour were associated with decreased self-reported stress, fewer mistakes in the cognitive task and a
trend towards lower heart rate; no relationships between displacement behaviour and stress measures were found for
women. Moreover, moderation analyses revealed that high rates of displacement behaviour were associated with lower
stress levels in men but not in women, and that high displacement behaviour rates were associated with poorer cognitive
performance in women, but not men. These results point to an important sex difference in coping strategies, and highlight
new avenues for research into sex biases in stress-related disorders.
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Introduction

Sex differences in the experience and the impact of stress are
well documented; along a number of different dimensions, women
experience markedly more stress than men [1]. In addition,
women are significantly more likely than men to be diagnosed with
stress-related disorders such as depression or anxiety [2], and their
greater experience of stress may increase risk of diseases such as
cancer and cardio-vascular disease [3]. Understanding the factors
underlying sex differences in stress linked conditions is a major
goal for psychologists, psychiatrists and other medical practitioners
[4]. In this area, there is significant interest in exploring sex
differences in behavioural responses to stress, as behavioural
coping may affect if - and how - stress is experienced, and could be
a key protective factor against stress-related disorders [5]. In
addition, behavioural indicators of stress provide particularly valid
insights into underlying coping mechanisms as such indicators, in
contrast to self-reported stress, are not affected by impairment of
memory over time [6,7] or by nondisclosure and reporting biases
[8,9]. The majority of studies of coping behaviour have
investigated affiliative [10] or aggressive [11] responses to stressful
situations. More recently, however, attention has begun to focus
on the potential role in coping of ‘displacement behaviour’ — a
group of activities such as scratching, face touching and lip biting
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that appear to have no relevance to the context in which they
occur [12].

The small number of studies that have been carried out in this
area have provided evidence that displacement behaviour may
have an important function regulating the impacts of stressful
events. Pico-Alfonso et al. [13] found that women who showed
higher rates of displacement behaviour during a stressful interview
showed a lower heart rate during the post-stressor recovery period.
More recently, Mohiyeddini and Semple [14] found evidence in a
population of men that displacement behaviour occurring during a
social stress test attenuated the relationship between the anxiety
experienced immediately prior to this test, and the subsequent
experience of stress. Two related mechanisms might explain the
stress regulating function of displacement behaviour. Firstly, at a
proximate behavioural level, displacement behaviour may allow
an individual temporarily to ‘cut-off” attention from a threatening
stimulus, and this short term diversion of attention could reduce
the negative arousal associated with the stimulus [15,16].
Secondly, at the cognitive level, an attenuation of negative arousal
might affect the evaluation of the situation as stresstul [17-20].

Although the studies by Pico-Alfonso et al. [13] and Mohiyed-
dini and Semple [14] provide evidence for a stress attenuating role
of displacement behaviour, as different measures of stress were
used in each and in the absence of similar studies with a mixed sex
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population, it is unclear whether displacement behaviour regulates
stress similarly in men and women. Investigating potential sex
differences in the impact of such behaviour in regulating
individuals’ physiological, emotional - or other - responses to
stress may contribute to our understanding of the widely
documented sex differences in prevalence of stress related
disorders and disease [2,3,21]. There are several reasons to expect
that sex may moderate the link between displacement behaviour
and the response to stress. Firstly, it is well established that stress
and emotion regulation differ between the sexes [22—24]. For
instance, empirical evidence indicates that women more often use
rumination [25], catastrophizing [26] and passive and emotion-
focused coping strategies [27,28], whereas men score higher in
emotional suppression - inhibiting emotion-expressive behaviour
[29] — and in positive refocusing [26]. Furthermore, there is
evidence for sex differences in psychological phenomena that
might be related to displacement behaviour, such as the
experience and expression of emotions [30], experience of stress
[31], generation of stress [32], negative affectivity [33] and
temperament [34].

In the present study, we exposed healthy adult men and women
to an intensely stressful social situation to explore whether sex
moderates the association between displacement behaviour and
the self-reported experience of stress after the stressor, and the
physiological and cognitive responses during this stressful event.
Studying emotional, cognitive and physiological responses to acute
social stress in a healthy population can provide important insights
into potential pathogenic impacts of stress [35-37]. This approach
helps to clarify the role of psychological factors in the aetiology of
psychological disorders, beyond the level achievable with epide-
miological studies [38]. For example, previous research has
indicated that elevated response to acute psychological stress is
associated with greater beta-adrenergic activation than parasym-
pathetic response [39], affects erythron variables such as
haematocrit, mean cell and the number of red blood cells
[40,41], is predictive of a higher risk of developing essential
hypertension [21] and coronary heart disease such as increased left
ventricular mass [42], and is positively associated with lifetime risk
of heart disease [43].

We first quantified and compared men’s and women’s rate of
displacement behaviour during a stressor. Then, in relation to
stress responses, we tested hypotheses that - in line with previous
findings - women would self-report a greater experience of stress
after the stressor (H1a) as well as showing increased physiological
response (H1b) and lower cognitive performance during this event
(Hlc). Next, in relation to the coping function of displacement
behaviour, for both sexes we tested hypotheses that displacement
behaviour would be negatively correlated with the self-reported
experience of stress (H2a), and with physiological (H2b) and
cognitive (H2c) responses. Finally, we examined a moderation
model to test hypotheses that sex alters the strength of the
relationship between displacement behaviour and the self-reported
experience of stress (H3a), physiological response (H3b) and
cognitive response (H3c).

Methods

Ethics statement

The project was approved at the Department of Psychology at
University of Salzburg in Austria, and was carried out in
accordance with the Declaration of Helsinki principles. All
participants provided written informed consent.
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Power analysis

An a priori power analysis conducted with G-Power [44]
revealed an optimal sample size of n=282 to detect an effect size
of N2=0.6 (representing a medium-high effect size) for displace-
ment behaviour with a power 0.90 or greater and alpha =0.05.

Participants

82 healthy adult volunteers (50% female) were recruited
through advertisements. Using a self-report questionnaire, the
following criteria were applied to exclude individuals with factors
that might have an impact on displacement behaviour under
stress: medical conditions (e.g. heart disease, diabetes, hyperten-
sion), any current or previous clinical psychosomatic conditions
(such as migraines) or psychiatric diseases, any allergies, atopic
diathesis, rheumatic diseases, recreational drug use, medication or
poor sleep pattern.

Menstruation cycle. In their review on the effects of sex and
hormonal status on the physiological response to acute psychoso-
cial stress, Kajantie and Phillips [45] concluded that it is crucial to
take the menstrual phase of subjects into account in study design in
order to control the natural variation of neuroendocrinological
process of menstruation and the impact of oral contraceptives on
physiological and emotional responses to stress. Women in the
luteal phase show similar physiological responsiveness to acute
social stress (such as TSST), with levels comparable to those of
men [46—48]. Female participants in our sample were all tested in
the luteal phase of the menstrual cycle, with this being assessed
from their self-report on occurrence of menstruation; none of the
participants were using oral contraceptives.

Participants were instructed to relax and answer the question-
naires (see below) prior to the stress exposure. Five female and six
male participants were excluded due to incomplete questionnaire
data, technical issues during the recording of the heart rate or
behaviour, or to their taking of medication. Data from 71
participants (87% of the initial sample) were therefore included in
the analysis. Females (n=36) were on average 24.16 years old
(SD=3.77; range = 18-34) and males (n=35) were on average
25.74 years old (SD = 3.77; range = 20-36); 90.1% of participants
were native German speakers, 73.2% of participants were students
and 26.8% were employees. Age was not correlated with any of
our measures (Pearson correlations: for all analyses, n=71,
r<0.19, p>0.11), and there were no differences in any of these
measures between native versus non-native speakers (t-tests: for all
analyses tgo<<1.81, p>0.07). There were also no differences
between groups of different occupational status (t-tests: for all
analyses £50<<0.83, p>0.41). Therefore, these three variables were
not considered any further in the analyses.

Outline of the experimental set-up and stress paradigm

Participants were informed that their behaviour and heart rate
would be recorded during a simulated job interview and a
cognitive test, in order to represent a professional setting. As a
psychosocial stress test, we used the Trier Social Stress Test
(TSST), which has repeatedly been found to induce profound
levels of stress [49]. The TSST involves giving a simulated job
mterview (5 min) followed by a mental arithmetic task (5 min) in
front of two people (one male, one female), with both tasks being
done while standing. The experiment was conducted adhering to
strict experimental procedures. Each subject individually under-
went the following four-phase experimental procedure, lasting
around 40 min overall.

Adaptation phase (10 min). heart rate recording, with the
subject comfortably seated on a chair in the presence of one
experimenter.
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Baseline phase (10 min). baseline heart rate recording at
rest, immediately followed by the instruction for TSST, in the
presence of the same experimenter.

Stress phase (10 min). interview (5 min) followed by mental
arithmetic task (5 min), with heart rate and videotape recording in
the presence of two experimenters. For the arithmetic task, the
participants were asked to subtract an odd number (17) from a
larger number (2043), and then to keep repeating this process of
subtraction. In order to render the challenge more stressful, the
interviewer interrupted the participants in case of miscalculation
and asked him/her to start from the initial number. This TSST
situation was videotaped with a camera adjusted so that the
subject’s face and torso were in full view.

Recovery phase (10 min). Recovery heart rate recording in
the presence of one experimenter.

Quantification of Displacement Behaviour

Displacement behaviour during the TSST was measured using
a revised version of the Ethological Coding System for Interviews
(ECSI). ECSI is an ethogram developed for measuring nonverbal
behaviour during interviews [50]. The use of the ECSI requires
video recording to allow quantification of nonverbal behaviour.
Subsequently, trained observers, who are unaware of the subject’s
verbal reports, observe the recording and score the subject’s
behaviour according to the patterns listed in the ECSI. The
current version of the ECSI includes 37 different behaviour
patterns. The present study focuses only on the displacement scale
(see Table 1). Recordings for each subject were rated indepen-
dently by two trained observers, and a mean of the two raters’
scores calculated and used for analysis. The recording method was
one—zero sampling, a form of time sampling [51]. The recording
session was divided into successive 15-s sample intervals, identified
to observers by a beeper. On the instant of each sample point, the
observers recorded whether or not the behaviour pattern had
occurred during the preceding sample interval. Before the
beginning of the study, the observers were trained in order to
reach an adequate level of inter-observer reliability (i.e. a kappa
coeflicient of at least 0.85). The assessment of inter-observer
reliability was based on a sample of 40 interviews, which did not
include the ones with the subjects of this study.

Self-reported Experience of Stress

Experience of stressfulness of the stress paradigm was obtained
by completion immediately after the TSST, using visual analogue
scales (VAS) ranging from 0 to 10 with O indicating no stress
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experienced at all. VAS require that the respondents specify their
level of agreement to a statement by indicating a position along a
continuous line between two end-points. Empirical evidence
suggests that VAS items are more reliable and show higher
content validity than discrete scales such as the Likert scale, and
thus a wider range of statistical methods can be applied to these
measurements [52]. After cessation of the TSST, participants were
required to rate whether the stress situation was relaxing/stressful,
clear/confusing, controllable/uncontrollable, energizing/exhaust-
ing, interesting/boring, pleasant/unpleasant, comfortable/embar-
rassing, challenging/fearful, calming/frightening. The average
inter-correlations of the VAS items was 0.60 (p<<0.001) and
Cronbach’s alpha was 0.92.

Physiological response to stress (Hemodynamic measure)

Heart rate data were obtained continuously via a portable heart
rate monitor (Polar system, S810; Polar, Kempele, Finland) [53].
The R-R interval was quantified as the mean of each 10-min
recording period (adaption, baseline, stress task, and recovery).
Using the trapezoid formula, the area under the total response
curve, expressed as area under the measured time points and
ground from baseline to peak response (AUCg) was calculated
[54]. The computation of the area under the curve captures
information that is contained in repeated measurements over time,
and increases the power of the testing; it is a frequently used
method in psychophysiological research to estimate changes over a
specific time period. Although cuff-based measurement of blood
pressure can provides data on stress response, we decided not to
collect blood pressure as a pilot trial with five participants
indicated that they avoided hand movements in order not to affect
the measurement of blood pressure.

Cognitive response to stress (arithmetic task
performance)

In addition to the standard protocol of the TSST [49] we
recorded the number of mistakes made during the mental
arithmetic task, as a measure of the cognitive response to stress.

Statistical analyses

All calculations were performed using SPSS v.20 (SPSS Inc.,
Chicago, IL). Data are presented as mean = SD. In case of
missing data, cases were excluded listwise. Data were tested for a
normal distribution using the Kolmogorov-Smirnov test before
statistical procedures were applied. Results were considered
statistically significant at the p<<0.05 level.

PLOS ONE | www.plosone.org

Table 1. Ethogram of the displacement behaviour recorded in this study.

Behaviour Definition, following Troisi [50]

Groom The fingers are passed through the hair in a combing movement

Hand-face Hand(s) in contact with the face

Hand-mouth Hand(s) in contact with the mouth

Scratch The fingernails are used to scratch part of the body, frequently the head

Yawn The mouth opens widely, roundly and fairly slowly closing more swiftly. Mouth movement is accompanied by a deep breath and
often closing of the eyes and lowering of the brows.

Fumble Twisting and fiddling finger movements with wedding ring, handkerchief, other hand.

Twist mouth The lips are closed, pushed forward and twisted to one side.

Lick lips The tongue is passed over the lips.

Bite lips One lip usually the lower is drawn into the mouth and held between the teeth.

doi:10.1371/journal.pone.0056355.t001
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a) Sex comparisons. Between sex comparisons for scores for
displacement behaviour were performed by means of Student’s t-
test. As nine individual displacement behaviours were compared in
this way, a Bonferroni correction (adjusted critical significance
level = 0.05/9 =0.0056) was applied, to take account of multiple
testing and control for Type I error.

Student’s t-test was also used for between sex comparisons of the
self-reported experience of stress, and physiological (heart rate)
and cognitive (arithmetic task performance) responses.

b) Bivariate correlations. For each sex, the associations
between displacement behaviour, self-reported experience of
stress, physiological and cognitive responses were explored using
Pearson’s correlations (two-tailed).

c) Moderation analysis. To explore interaction effects
between displacement behaviour and sex, multiple regression
analyses were performed. Although there were no signs of multi-
colinearity (the variance inflation factor values were well below 2.5
and tolerance statistics well above 0.2), all variables were
standardised in order to equate different metrics used in measuring
variables [55]. The interaction term was created as a product term
(sex xdisplacement behaviour). Computing a hierarchical multiple
regression, sex and displacement behaviour were entered first in
the equation, followed by the interaction term sex xdisplacement
behaviour. A moderator effect is indicated by a significant effect of
the product term while the effects of sex and displacement
behaviour are controlled.

Results

Sex differences in displacement behaviour and measures
of stress

Women displayed significantly lower rates of displacement
behaviours during the TSST than men (tgg=9.20; p<<0.001).
During the 10 minute TSST, women displayed displacement
behaviours in 15.47%+2.63 of the forty 15-sec time blocks; groom
was the most frequent displacement behaviour (4.83%1.26),
followed by fumble (2.84%0.82), lick lips (2.13%0.79), twist mouth
(1.34£0.59), bite lip (1.20£0.75), hand-face (1.18%+0.79), hand-
mouth (1.08%0.73), scratch (0.83%0.62), yawn (0.00%0.00). Men
showed displacement behaviours in 30.84%9.05 of the forty 15-sec
time blocks; bite lips was the most frequent displacement
behaviour (5.92+2.24), followed by groom (4.20*1.85), hand-
face (4.08%+2.67), hand-mouth (3.91%2.21), scratch (3.80%1.37),
lick lips (3.31£1.21), fumble (3.04=1.20), twist mouth (2.41£0.91)
and yawn (0.14%0.35). For all nine individual displacement
behaviours, therefore, women’s mean rates were lower than those
of men. Following Bonferroni adjustments to account for multiple
testing, significant sex differences were found for: scratch, hand-
face, hand-mouth, twist-mouth, lick-lips and bite lips (t-tests: for all
analyses /50>>4.83, p<<0.001). Women also reported higher levels of
self-reported experience of stress in support of Hla, but contrary
to H1b and Hlc there were no sex differences with regard to the
physiological response to stress (area under the curve for heart
rate) or the cognitive response (number of mistakes in the
arithmetic task) (Table 2).

Bivariate correlations of displacement behaviour and
measures of stress

Table 3 displays the results of the bivariate correlation analyses
for male and female participants. In men, but not women, there
was support for hypotheses H2a—c; men’s rate of displacement
behaviour was significantly negatively correlated with the experi-
ence of stress (r35 = —0.438, p=0.009 — H2a) and the number of
mistakes in the cognitive task (r35 = —0.409, p=0.015 — H2c¢). The
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negative correlation with the area under the curve for heart rate
approached significance (135 =—0.325, p=0.056 — H2b). In
addition, the experience of stress was positively correlated with
the number of mistakes in the cognitive task for both men
(r35=0.653, p<<0.001) and women (r35 = 0.701, p<<0.001).

Moderation analyses

The results revealed a significant sex Xdisplacement behaviour
effect (f=0.568, #7;=2.507, p=0.015) on the self-reported
experience of stress, in support of H3a (see Table 4 and
Figure 1). After controlling for the first order effects, the
interaction between sex and displacement behaviour explained
an additional 5.8% incremental variance in the experience of
stress. Test of simple slopes [56] revealed that for men the
experience of stress varied with displacement behaviour
(b=—0.606, f5;=3.274, p=0.002): men with higher levels of
displacement behaviour (i.e. rates higher than the mean + 1 SD)
reported lower levels of experience of stress than men with lower
levels of displacement behaviour (i.e. rates lower than the mean —
1 SD). By contrast, the experience of the stress was not significantly
different between women with high and women with low levels of
displacement behaviour (b= 0.934, #5; = 1.394, p=0.168).

The impact of the sex xdisplacement behaviour interaction on
the physiological response to stress (area under the curve for heart
rate) was not significant (f=—0.151, #; =0.543, p=0.589) and
thus H3b was not supported. However, the impact of displace-
ment behaviour on the area under the curve for the whole study
population was significant (f=—0.380, #;=2.173, p=0.033;
Figure 2). Post-hoc comparisons using Student’s t-test with
Bonferroni correction revealed that compared to individuals low
in displacement behaviour (M =102.99%10.35), individuals high
in displacement behaviour (M =92.61%7.57) showed a signifi-
cantly lower heart rate in the post-stress phase (t59=4.826,
$<<0.001)

Furthermore, the sex xXdisplacement behaviour interaction effect
on the cognitive response (number of mistakes in cognitive task)
was significant (f=0.643, t5; =2.354, p=0.022; Table 4 and
Figure 3), in support of H3c. After controlling for the first order
effects, the interaction between sex and displacement behaviour
explained an additional 7.4% incremental variance in the number
of mistakes in the cognitive task. Test of simple slopes showed that
women with high levels of displacement behaviour made
significantly more mistakes in the cognitive task than women with
low levels of displacement behaviour (b=3.573, f5;=1.97,
»=0.05). In men, the number of mistakes did not vary with levels
of displacement behaviour (b= —0.853, t;=1.704, p=0.093).

Discussion

Studying individual responses to acute social stressors is crucial
to understanding long-term pathological impacts of stress [35,37].
In this study, we investigated the role of displacement behaviour as
a coping strategy during a socially stressful situation, and tested for
potential sex differences in the stress regulating function of such
behaviour. During a Trier Social Stress Test (IT'SST), men
engaged in displacement behaviour about twice as frequently as
women, and self reported a lower experience of stress after the test
than women; there were no sex differences in physiological (heart
rate) or cognitive (performance in arithmetic task) measures of
stress. Bivariate correlations revealed that for men, a higher
frequency of displacement behaviour was associated with lower
self-reported stress, fewer mistakes in the cognitive task and a
strong trend towards a lower physiological response; among
women, no such relationships were found. Moderation analyses
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provided evidence for important sex differences in stress regulation
via displacement behaviour. Men who engaged in displacement
behaviour more frequently reported a lower level of stress, while
for women levels of self-reported stress did not differ depending on
the frequency of displacement behaviours. In addition, women
with high levels of displacement behaviour actually made more
mistakes in the arithmetic task (not less, as expected); no significant
association between the number of mistakes and level of
displacement behaviour was observed in men. No moderating
role of sex was found in relation to the physiological response to
the stressor. Overall, these results point to an important sex
difference in the occurrence of displacement behaviour, and in its
role in coping with social stress.

To our knowledge, this is the first study that has found a
significant sex difference in the rate of displacement behaviour.
This may be attributable to differences between men and women
in perception and interpretation of TSST as a social situation (with
women focusing more on the social aspect), in how they feel about
showing displacement behaviour, or in their concern at the way
such behaviour may be perceived. Displacement behaviour such
as scratching, licking of the lips or raising the hand to the mouth
contradicts the socio-culturally determined western understanding
of appropriateness [57,58] and politeness [59] of female social
behaviour and “lady-like” manners [60,61]. Moreover, previous
research indicates that women are more conscious than men about
their public self [62,63] As an internal disposition, public self-
consciousness [64] denotes the awareness of oneself as a social
object and reflects the tendency to think about those aspects of the
self that are subject to public scrutiny and from which impressions
are formed [65,66]. In a related vein, emerging evidence from a
developmental perspective highlights sex differences in the degree
to which people monitor and control their behaviours and public
images, to ensure that they behave appropriately [67,68]. Females,
more so than males, learn early in life that they must convey a
positive image of themselves that conforms to group values of
social desirability and admired traits; as a result they pay more

main diagonal).

Table 2. Results of between sex comparisons of displacement behaviour, experience of stress and cognitive and physiological
measures.
Variables Male (n=35) Female (n=36) ¢ p
Mean SD Mean SD
Displacement behaviour 30.84 9.66 15.47 2.63 9.20 <0.001
Experience of stress 5.17 1.48 6.91 0.96 5.89 <0.001
Number of mistakes in cognitive task 6.91 2.24 7.75 3.98 1.08 0.28
Area under the curve for heart rate 2628.29 208.36 2687.22 265.33 1.04 0.30
doi:10.1371/journal.pone.0056355.t002

attention to social cues, their expressive skills, and the impressions
they cultivate [69-72].

In addition, a separate line of evidence has highlighted sex
differences in self-presentation or impression management [68],
which again may be expected to inhibit displacement behaviour
among women. Self-presentation consists of behaviours designed
to make a desired impression on others. Psychological research on
sex differences in self-presentation has already revealed that
women are more strongly motivated to manage their impression
on others and the content of the images that they try to present,
and place higher priority on creating a positive self-presentation,
while men are less concerned about the image they present in
social communication [73-78]. Accordingly, women as high self-
monitors have a strong concern that their behaviour is appropriate
for the social situations in which they find themselves. They are
particularly sensitive to the social cues and self-presentations of
others, and are thought to use such cues as guidelines for
managing their own behaviour and/or creating appropriate or
desirable impressions [79]. By contrast, men as low self-monitors
display less concern for the situational appropriateness of their
behaviour, which appears to be guided from within by disposi-
tions, rather than by situational specifications of appropriate
behaviour [80].

A number of previous studies have explored sex differences in
the frequency of displacement behaviour, but found none [16,81—
85]. The discrepancy between the findings of these studies and our
own may be due to statistical power, the context where
displacement behaviour is quantified, or the magnitude or nature
of the stress involved. Two of these earlier studies used a small
sample in which sex differences may not have been easily
detectable [16], or were carried out in contexts where displace-
ment behaviour may be hard to express, namely during written
exams [81]. The remainder of the studies were conducted in
clinical settings, using interview techniques that are specifically
designed to reduce feelings of stress [82-85]; it is possible that
marked sex differences in displacement behaviour may only

Table 3. Results of the bivariate correlation analyses for males (n =35, below the main diagonal) and females (n =36, above the

Displacement behaviour Experience of stress

Area under the curve for
heart rate

Number of mistakes in
cognitive task

Displacement behaviour
Experience of stress r=-—0.438, p=0.009
r=—0.409, p=0.015

r=-—0.326, p=0.056

Number of mistakes in cognitive task

Area under the curve for heart rate

r=0.286, p=0.091

r=0.656, p<0.001
r=0.222, p=0.199

r=0.262, p=0.122
r=0.701, p<0.001

r=—0.182, p=0.288
r=—-0037, p=0.830
r=0.005, p=0.976
r=0.245, p=0.155

doi:10.1371/journal.pone.0056355.t003
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Figure 1. Experience of stress as a function of displacement
behaviour and sex. Low displacement behaviour is defined as a score
one SD or more below the mean; high displacement behaviour as one
SD or more above the mean.

doi:10.1371/journal.pone.0056355.9001

become apparent in intensely stressful social situations, as the
TSST is designed to create.

We found no evidence that displacement behaviour alleviates
stress in women; by marked contrast, displacement behaviour was
associated with reduced stress in men. The latter result is in line
with our previous findings that displacement behaviour regulates
the self-reported experience of stress in men [14], but additionally
provides evidence for the first time of effects of displacement
behaviour on men’s cognitive and physiological responses to stress.
Overall, our findings suggest that displacement behaviour has an
important function in regulating men’s stress levels during
challenging social situations, but that such a role in stress
regulation is absent among women. The current study does not
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Figure 2. Area under the curve with respect to ground for
individuals low and high in displacement behaviour. Low
displacement behaviour is defined as a score one SD or more below
the mean; high displacement behaviour as one SD or more above the
mean.

doi:10.1371/journal.pone.0056355.9002

allow us to identify the exact mechanisms involved in this apparent
sex difference in coping, but as a significant proportion of the stress
that people experience derives from social situations [30], women’s
failure to regulate stress via displacement behaviour in these
contexts may potentially contribute to their higher prevalence of
stress-related disorders. Further studies explicitly exploring the link
between displacement behaviour during non-social stressful
situations (e.g. where participants have to perform under time
pressure without the presence of an audience) would provide
further insight into this issue.

Table 4. Testing standardised moderator effects of sex using a hierarchical multiple regression (n=71, * p<<0.05. ** p<<0.01).

Step and variables B SE B 95% ClI V3 R AR
Experience of stress as dependent variable
Step 1 0.328 0.328*
Displacement behaviour —0.104 0.148 —0.401, 0.192 —0.104
Sex 0.974 0.295 0.386, 1.562 —0.491**
Step 2 0.385 0.058*
Sex xDisplacement behaviour 1.396 0.557 0.285, 2.507 0.568**
Number of mistakes in cognitive task as dependent
variable
Step 1 0.033 0.033
Displacement behaviour —0.192 0.178 —0.547,0.163  —0.192
Sex —0.026 0.353 —0.731, 0.679 —0.013
Step 2 0.107 0.074*
Sex xDisplacement behaviour 1.579 0.671 0.240, 2.918 0.643*
Area under the curve for heart rate as dependent variable
Step 1 0.065 0.065
Displacement behaviour —0.326 0.150 —0.625, —0.027 —0.380*
Sex —0.556 0.345 —1.245,0.132  —0.282
Step 2 0.069 0.004
Sex xDisplacement behaviour —0.319 0.587 —1.491, 0853 —0.286

doi:10.1371/journal.pone.0056355.t004
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Figure 3. Number of mistakes in the mental arithmetic during
TSST as a function of displacement behaviour and sex. Low
displacement behaviour is defined as a score one SD or more below the
mean; high displacement behaviour as one SD or more above the
mean.

doi:10.1371/journal.pone.0056355.9g003

The finding in our moderation analyses that women who
showed high levels of displacement behaviour during the TSST
made more mistakes in the challenging arithmetic task is
unexpected. One possible explanation for this result is that
engaging in displacement behaviour impairs cognitive perfor-
mance; displacement behaviour has been proposed to ‘cut-off’
attention temporarily from a stressful or threatening stimulus [15],
and this short-term diversion of attention could reduce the ability
to deal with a mentally challenging task. Alternatively, women
who made more mistakes in the cognitive task may have perceived
the situation as more stressful [86], which in turn increased their
displacement behaviour. Finally, it is possible that awareness of
their own engagement in displacement behaviour - and, for
example, the impression this may give - elevates stress levels
among women [87,88], and this in turn impairs performance in
the cognitive task. The lack of a significant interaction between sex
and displacement behaviour in the association with our physio-
logical stress measure (heart rate) contrasts with the results in

References

1. Davis MC, Matthews KA, Twamley EW (1999) Is life more difficult on Mars or
Venus? A meta-analytic review of sex differences in major and minor life events.
Ann Behav Med 21: 83-97.

2. Troisi A (2001) Gender differences in vulnerability to social stress: a Darwinian
perspective. Physiol Behav 73: 443-449.

3. Cohen 8, Janicki-Deverts D, Miller GE (2008) Psychological stress and disease.
J Am Med Assoc 298: 1685-1687.

4. Thoits PA (2010) Stress and health: major findings and policy implications.
J Health Soc Behav 51: S41-S53.

5. Tamres L, Janicki D, Helgeson VS (2002) Sex differences in coping behaviour: a
meta-analytic review. Personal Soc Psychol Rev 6: 2-30.

6. Bremner JD, Narayan M, Staib LH, Southwick SM, McGlashan T, et al. (1999)
Neural correlates of memories of childhood sexual abuse in women with and
without posttraumatic stress disorder. Am J Psychiatry 156: 1787-95.

7. Squire LR (1989) On the course of forgetting in very long-term memory. J Exp
Psychol 15: 241-45.

8. Fivush R (1993) Developmental Perspectives on Autobiographical Recall. In:
Goodman GS, Bottoms BL, eds. Child victims, child witnesses: understanding
and improving testimony. New York : Guilford Press. pp 1-24.

9. Ross M (1989) Relation of implicit theories to the construction of personal
histories. Psychol Rev 96: 341-57.

10. Taylor SE, Klein LC, Lewis BP, Gruenewald TL, Gurung RA, et al. (2000)
Biobehavioural responses to stress in females: tend-and-befriend, not fight-or-
flight. Psychol Rev 107: 411-429.

11. Marcus-Newhall A, Pedersen WC, Carlson M, Miller N (2000) Displaced
aggression is alive and well: a meta-analytic review. J Personal Soc Psychol
78:670-89.

12. Troisi A (2002) Displacement activities as a behavioural measure of stress in
nonhuman primates and human subjects. Stress 5: 47-54.

PLOS ONE | www.plosone.org

Sex Differences in Displacement Behaviour

relation to both the self-reported experience and cognitive
measure of stress. Together, these results may indicate that the
pathways by which sex and displacement behaviour are linked
with cardiovascular activity are different to the mechanisms by
which sex and displacement behaviour interact to moderate the
experience of stress and cognitive stress measure in this sample.

Strengths of the present study include the rigorous experimental
procedure, as well as the integration of ethological observation
with multiple stress assessment methods. A key limitation of this
work, however, is that the laboratory based experimental
paradigm has low ecological validity. In addition, the moderate
sample size means that some of the observed associations -
particularly in moderation analyses - may have failed to reach
statistical significance due to a lack of power. The present study
sample was also relatively young, and as age can affect both the
experience and impact of stress [1,89,90], caution should be
exercised if extrapolating findings to older age cohorts. Finally, our
assessment schedule meant it was not possible to draw firm
conclusions about causal relationships between the frequency of
displacement behaviour and our stress measures. Further research
into displacement behaviour in the context of stressful situations
promises to enhance our understanding of such behaviour as a
coping strategy, and how this role may differ between the sexes.
Future studies should explore other coping responses in addition to
displacement behaviour, in order to determine the potentially
unique contribution of displacement behaviour within the
spectrum of strategies deployed by men and by women to cope
with stressful situations.

Acknowledgments

Dr Caroline Ross and two anonymous referees provided invaluable
feedback on an earlier version of this manuscript.

Author Contributions

Conceived and designed the experiments: CM SS. Performed the
experiments: CM SB. Analyzed the data: CM. Wrote the paper: CM SB
SS.

13. Pico-Alfonso MA, Mastorci F, Ceresini G, Ceda GP, Manghi M, et al. (2007)
Acute psychosocial challenge and cardiac autonomic response in women: the
role of estrogens, corticosteroids, and behavioural coping styles. Psychoneur-
oendocrinology 32: 451-463.

14. Mohiyeddini C, Semple S (in press) Displacement behaviour regulates the
experience of stress in men. Stress.

15. Chance RMA (1962) An interpretation of some agonistic postures: the role of
“cut-off”” acts and postures. Symp Zool Soc Lond 8: 71-89.

16. Sgoifo A, Braglia F, Costoli T, Musso E, Meerlo P, et al. (2003) Cardiac
autonomic reactivity and salivary cortisol in men and women exposed to social
stressors: relationship with individual ethological profile. Neurosci Biobehav Rev
27: 179-188.

17. Erdmann G, Janke W (1978) Interaction between physiological and cognitive
determinants of emotions: Experimental studies on Schachter’s theory of
emotions. Biol Psychol 6: 61-74

18. Iversen S, Kupfermann I, Kandel ER (2000) Emotional states and feelings. In
Kandel ER, Schwartz JH, Jessell TM, eds. Principles of neural science (4th ed.).
New York: McGraw-Hill. pp 982-996

19. Nisbett RE, Schachter S (1966) The cognitive manipulation of pain. J Exp Soc
Psychol 2: 227-36.

20. Schachter S, Singer J (1962) Cognitive, social, and physiological determinants of
emotional state. Psychol Rev 69: 379-99.

21. Obrist PA, Light KC, Sherwood A, Allen MT, Langer AW, et al. (1986) Some
working hypotheses on the significance of behaviorally evoked cardiovascular
reactivity to pathophysiology. In: Schmidt TH, Dembroski TM, Bliimchen G,
eds. Biological and psychological factors in cardiovascular disease. Berlin:
Springer-Verlag. pp 406-418.

February 2013 | Volume 8 | Issue 2 | 56355



22.

23.

24.

26.

27.

29.

30.

31.

32.

33.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

50.

Evers C, Fischer AH, Manstead ASR (2011) Gender and emotion regulation. In:
Nyklicek I, Vingerhoets A, Zeelenberg M, eds. Emotion regulation and well-
being. New York: Springer. pp 211-222

McRae K, Ochsner KN, Mauss IB, Gabrieli JJD, Gross JJ (2008) Gender
differences in emotion regulation: An fMRI study of cognitive reappraisal.
Group Proc Intergroup Rel 11: 143-62.

van Middendorp HT, Geenen R, Sorbi MJ, Hox JJ, Vingerhoets AJ, et al. (2005)
Gender differences in emotion regulation and relationships with perceived
health in patients with rheumatoid arthritis. Women Health 42: 75-97.

. Nolen-Hoeksema S, Aldao A (2011) Gender and age differences in emotion

regulation strategies and their relationship to depressive symptoms. Personal
Indiv Diff 51: 704-8.

Garnefski N 2004) Cognitive emotion regulation strategies and depressive
symptoms: differences between males and female. Personal Indiv Diff 36: 267
76.

Thoits PA (1995). Identity-relevant events and psychological symptoms: A
cautionary tale. J Health Soc Behav 36:72-82.

. Vingerhoets AJ, Van Heck GL (1990) Gender, coping and psychosomatic

symptoms. Psychol Med 20: 125-35.

Gross JJ, John OP (2005) Individual differences in two emotion regulation
processes: Implications for affect, relationships, and well-being. J Personal Soc
Psychol 85: 348-62.

Kring AM, Gordon AH (1998) Sex differences in emotion: expression,
experience, and physiology. J Personal Soc Psychol 74: 686-703.

Allen MT, Bocek CM, Burch AE (2011) Gender differences and the
relationships of perceived background stress and psychological distress with
cardiovascular responses to laboratory stressors. Int J Psychophysiol 81: 209-17.
Shih JH, Eberhart NK (2010) Gender differences in the associations between
interpersonal behaviours and stress generation. J Soc Clin Psychol 29: 243-55.
Smith LL, Reise SP (1998) Gender differences on negative affectivity: an IRT
study of differential item functioning on the multidimensional personality
questionnaire stress reaction scale. J Personal Soc Psychol 75: 1350-62.

. Else-Quest NM, Hyde JS, Goldsmith HH, Van Hulle CA (2006) Gender

differences in temperament: a meta-analysis. Psych Bull 132: 33-72.

. Krantz DS, Manuck SB (1984) Acute psychophysiologic reactivity and risk of

cardiovascular disease: a review and methodologic critique. Psych Bull 96: 435
64.

Mian R, Shelton-Rayner G, Harkin B, Williams P (2003) Observing a fictitious
stressful event: haematological changes, including circulating leukocyte activa-
tion. Stress 6:41-47.

Kamarck TW, Jennings JR, Pogue-Geile M, Manuck SB (1994) A multidimen-
sional measurement model for cardiovascular reactivity: stability and cross-
validation in two adult samples. Health Psychol 13: 471-78.

Kennedy DK, Hughes BM (2004) The optimism-neuroticism question: An
evaluation based on cardiovascular reactivity in female college students. Psychol
Rec 54:373-86.

Balanos GM, Phillips AC, Frenneaux MP, McIntyre D, Lykidis C, et al. (2010)
Metabolically exaggerated cardiac reactions to acute psychological stress: the
effects of resting blood pressure status and possible underlying mechanisms. Biol
Psychol 85: 104-11.

Maes M, Song C, Lin A, De Jongh R, Van Gastel A, et al. (1998) The effects of
psychological stress on humans: increased production of pro-inflammatory
cytokines and a Thl-like response in stress-induced anxiety. Cytokine 10: 313~
318.

Maes M, van der Planken M, van Gastel A, Bruyland K, van Hunsel F, et al.
(1998) Influence of academic examination stress on haematological measure-
ments in subjectively healthy volunteers, Psychiatry Res 80: 201-212.
Georgiades I (1997) Acculturation, gender, health locus of control, and
generational status as predictors of smoking behavior among Greek Americans.
US: ProQuest Information & Learning.

Treiber FA, Kamarck T, Schneiderman N, Sheffield D, Kapuku G, et al. (2003)
Cardiovascular reactivity and development of preclinical and clinical disease
states. Psychosom Med 65: 46-62.

Faul F, Erdfelder E, Lang A-G, Buchner A (2007) G*Power 3: a flexible
statistical power analysis program for the social, behavioural, and biomedical
sciences. Behav Res Meth 39: 175-191.

. Kajantie E, Phillips DI (2006) The effects of sex and hormonal status on the

physiological response to acute psychosocial stress. Psychoneuroendocrinology
31: 151-178.

Kirschbaum C, Kudielka BM, Gaab J, Schommer NC, Hellhammer DH (1999)
Impact of gender, menstrual cycle phase, and oral contraceptives on the activity
of the hypothalamus-pituitary-adrenal axis. Psychosom Med 61: 154-162.
Rohleder N, Wolf JM, Piel M, Kirschbaum C (2003) Impact of oral
contraceptive use on glucocorticoid sensitivity of pro-inflammatory cytokine
production after psychosocial stress. Psychoneuroendocrinology 28: 261-273.
Wolf OT, Schommer NC, Hellhammer DH, McEwen BS, Kirschbaum C
(2001) The relationship between stress induced cortisol levels and memory differs
between men and women. Psychoneuroendocrinology 26: 711-720.
Kirschbaum C, Pirke K-M, Hellhammer DH (1993) The “Irier Social Stress
Test: a tool for investigating psychobiological stress responses in a laboratory
setting. Neuropsychobiology 28: 76-81.

Troisi A (1999) Ethological research in clinical psychiatry: the study of nonverbal
behaviour during interviews. Neurosci Biobehav Rev 23: 905-913

PLOS ONE | www.plosone.org

51.

52.

53.

54.

56.

57.

58.

59.
60.

61.

62.

63.

64.

66.

67.

68.

69.

70.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Sex Differences in Displacement Behaviour

Martin P, Bateson P (1986) Measuring behaviour: an introductory guide.
Cambridge: Cambridge University Press. 160 p.

Reips U-D, Funke F (2008) Interval-level measurement with visual analogue
scales in Internet-based research: VAS generator. Behav Res Meth 40: 699-704.
Wirtz PH, von Kinel R, Mohiyeddini C, Emini L, Ruedisueli K, et al. (2006)
Low social support and poor emotional regulation are associated with increased
stress hormone reactivity to mental stress in systemic hypertension. J Clin
Endocrinol Metab 91: 3857-3865.

Pruessner JC, Kirschbaum C, Meinlschmid G, Hellhammer DH (2003) Two
formulas for computation of the area under the curve represent measures of total
hormone concentration versus time-dependent change. Psychoneuroendocrinol-

ogy 28: 916-931.

. Dunlap WP, Kemery ER (1987) Failure to detect moderating effects: is

multicollinearity the problem? Psych Bull 102: 418-420.

Aiken LS, West SG (1991) Multiple regression: testing and interpreting
interactions. California: Sage Publications. 224 p.

Bandura A, Bussey K (2004) On broadening the cognitive, motivational, and
sociostructural scope of theorizing about gender development and functioning:
comment on Martin, Ruble, and Szkrybalo (2002). Psych Bull 130: 691-701.
Bussey K, Bandura A (1999) Social cognitive theory of gender development and
differentiation. Psychol Rev 106: 676-713.

Kemper S (1984) When to speak like a lady. Sex Roles 10: 435-43.

Carter DB, Patterson CJ (1982) Sex roles as social conventions: the development
of children’s conceptions of sex-role stereotypes. Develop Psychol 18: 812-24.
Maslow AH (1937) Dominance-feeling, behaviour, and status. Psychol Rev 44:
404-29.

Rankin JL, Lane DJ, Gibbons FX, Gerrard M (2004) Adolescent self-
consciousness: longitudinal age changes and gender differences in two cohorts.
J Res Adolesc 14: 1-21.

Workman JE, Lee SH (2011) Vanity and public self consciousness: a comparison
of fashion consumer groups and gender. Int J Consum Stud 35: 307-15.
Fenigstein A, Scheier MF, Buss AH (1975) Public and private self-consciousness:
assessment and theory. J Consult Clin Psychol 43: 522-7.

. Carver CS, Scheier MF (1981) Self-consciousness and reactance. ] Res Personal

15: 16-29.

Diener E, Wallbom M (1976) Effects of self-awareness on antinormative
behaviour. J Res Personal 10: 107-11.

Fuglestad PT, Snyder M (2009) Self-monitoring: appraisal and reappraisal. In:
Leary MR, Hoyle RH, eds. Handbook of individual differences in social
behaviour. New York: Guilford Press. pp 574-591.

Snyder M (1974) Self-monitoring of expressive behaviour. J Personal Soc
Psychol 30: 526-37.

Bolino MC, Turnley WH (2003) Counternormative impression management,
likeability, and performance ratings: the use of intimidation in an organizational
setting. ] Org Behav 24: 237-50.

Bolino MC, Turnley WH (2003) More than one way to make an impression :
exploring profiles of impression management. ] Manag 29: 141-60.

. Lee S-J, Quigley BM, Nesler MS, Corbett AB, Tedeschi JT (1999) Development

of a self-presentation tactics scale. Personal Indiv Diff 26: 701-22.

. Lippa R (1976) Expressive control and the leakage of dispositional introversion-

extraversion during role-played teaching. J Personal 44: 541-59.

. Baumeister RF (1982) Self-esteem, self-presentation, and future interaction: A

dilemma of reputation. J Personal 50: 29-45.

. ledema J, Poppe M (1994) The effect of self-presentation on social value

orientation. J Personal Soc Psychol 134: 771-82.

. Leary MR, Kowalski RM (1990) Impression management: a literature review

and two-component model. Psych Bull 107: 34-47.

Leary MR, Nezlek JB, Downs D, Radford-Davenport J, Martin J, et al. (1994)
Self-presentation in everyday interactions: effects of target familiarity and gender
composition. J Personal Soc Psychol 67: 664-73.

Schlenker BR, Forsyth DR, Leary MR, Miller RS (1980) Self-presentational
analysis of the effects of incentives on attitude change following counter-
attitudinal behaviour. J Personal Soc Psychol 39: 553-577.

Schlenker BR (2003) Self-presentation. In: Leary MR, Tangney JP, eds.
Handbook of Self and Identity. New York: Guilford Press. pp 492-518.
Snyder M (1987) Public appearances, private realities: the psychology of self-
monitoring. New York: W H Freeman. 266 p.

Deaux E (1976) A psychophysiological influence on the choice of illicit drugs.
Physiol Psychol 4: 400-404.

Bardi M, Koone T, Mewaldt S, O’Connor K (2011) Behavioural and
physiological correlates of stress related to examination performance in college
chemistry students. Stress 14: 557-566.

Troisi A, Delle Chiaie R, Russo I, Russo MA, Mosco C, et al. (1996) Nonverbal
behaviour and alexithymic traits in normal subjects. Individual differences in
encoding emotions. J Nerv Ment Dis 184: 561-6.

Brune M, Sonntag C, Abdel-Hamid M, Lehmkaemper C, Juckel G, et al. (2008)
Nonverbal behaviour during standardized interviews in patients with schizo-
phrenia spectrum disorders. J Nerv Ment Dis 196: 282-288.

Troisi A, Moles A (1999) Gender differences in depression: an ethological study
of nonverbal behaviour during interviews. J Psychiatr Res 33: 243-250.

. Troisi A, Belsanti S, Bucci AR, Mosco C, Sinti F, et al. (2000) Affect regulation

in alexithymia: an ethological study of displacement behaviour during
psychiatric interviews. ] Nerv Ment Dis 188, 13-18.

February 2013 | Volume 8 | Issue 2 | 56355



Sex Differences in Displacement Behaviour

86. Beyer S (1990). Gender differences in the accuracy of self-evaluations of 89. Diehl M, Hay EL (2010) Risk and resilience factors in coping with daily stress in

performance. J Personal Soc Psychol 59: 960-70. adulthood: the role of age, self-concept incoherence, and personal control. Dev
87. von Hippel W, von Hippel C, Conway L, Preacher KJ, Schooler JW, et al. Psychol 46: 1132-46.

(2005) Coping with stereotype threat: denial as an impression management 90. Stawski RS, Sliwinski MJ, Almeida DM, Smyth JM (2008) Reported exposure

strategy. ] Personal Soc Psychol 89: 22-35. and emotional reactivity to daily stressors: the roles of adult age and global
88. Huflejt-Lukasik M, Czarnota-Bojarska J (2006) Short Communication: Self- perceived stress. Psychol Aging 23: 52-61.

focused attention and self-monitoring influence on health and coping with stress.
Stress Health 22: 153-59.

PLOS ONE | www.plosone.org 9 February 2013 | Volume 8 | Issue 2 | 56355



