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Summary Interpersonal touch is frequently used for communicating emotions, strengthen
social bonds and to give others pleasure. The neuropeptide oxytocin increases social interest,
improves recognition of others’ emotions, and it is released during touch. Here, we investigated
how oxytocin and gentle human touch affect social impressions of others, and vice versa, how
others’ facial expressions and oxytocin affect touch experience. In a placebo-controlled crossover
study using intranasal oxytocin, 40 healthy volunteers viewed faces with different facial expres-
sions along with concomitant gentle human touch or control machine touch, while pupil diameter
was monitored. After each stimulus pair, participants rated the perceived friendliness and
attractiveness of the faces, perceived facial expression, or pleasantness and intensity of the
touch. After intranasal oxytocin treatment, gentle human touch had a sharpening effect on social
evaluations of others relative to machine touch, such that frowning faces were rated as less
friendly and attractive, whereas smiling faces were rated as more friendly and attractive.
Conversely, smiling faces increased, whereas frowning faces reduced, pleasantness of concomi-
tant touch — the latter effect being stronger for human touch. Oxytocin did not alter touch
pleasantness. Pupillary responses, a measure of attentional allocation, were larger to human
touch than to equally intense machine touch, especially when paired with a smiling face. Overall,
our results point to mechanisms important for human affiliation and social bond formation.
# 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

To navigate in the social world, humans rely on information
not just from their eyes, ears and nose, but also from their
skin. Being touched by another human being can evoke
d.
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powerful emotions. Sensory factors such as softness (Rolls
et al., 2003), temperature, force and velocity (Löken et al.,
2009), as well as top-down factors such as expectations
(McCabe et al., 2008), previous experiences, and perceived
identity of the toucher (Gazzola et al., 2012; Ellingsen et al.,
2013), contribute to the appraisal of touch. People are
remarkably accurate in detecting a wide range of emotional
messages, even when these are communicated exclusively
through touch (Hertenstein et al., 2006). Moreover, inter-
personal touch, ranging from a reassuring pat on the shoulder
to a sensual caress, can be a source of pleasure, which may
serve as a foundation for affiliative behavior and social
bonding (Morrison et al., 2010).

Positive consequences of interpersonal touch on social
behavior have been demonstrated by a range of naturalistic
studies. For example, restaurant diners tipped more if the
waitress had casually touched them when returning their
change (Crusco and Wetzel, 1984). Similarly, people were
more satisfied with a library visit if the librarian had casually
touched their hand (Fisher et al., 1976). Note that in these
studies, touch formed part of an affectively congruent situa-
tion. Less is known about the effects of, and appraisal of, touch
in contexts where other available information is affectively
incongruent, such as being casually touched by someone
expressing anger. Appraisal of social situations relies on a
combination of all available information from the senses,
along with prior knowledge and expectations. According to
the feelings-as-information view, affective information is also
a powerful factor in appraisal of social and non-social situa-
tions, even when the affect is elicited by unrelated or incon-
gruent events (Schwarz and Clore, 1983, 2007). For instance,
Winkielman et al. (2005) showed that subliminally priming
participants with smiling faces made them drink more fruit
juice, compared to people primed with frowning faces.

The neuropeptide oxytocin plays an important role in a
range of emotional and social behavior in humans and animals
(Bartz et al., 2011). Intranasally administered oxytocin
improves the ability to ‘‘read’’ others emotions (Domes
et al., 2007; Bartz et al., 2010; Leknes et al., 2012; Van
IJzendoorn and Bakermans-Kranenburg, 2012) and enhances
social attention (Gamer et al., 2010; Ellenbogen et al.,
2012). Oxytocin has been hypothesized to promote human
affiliation through its calming and antinociceptive effects
(Uvnäs-Moberg, 1997), and intranasal oxytocin increased
perceived attractiveness and trustworthiness of faces with
neutral emotional expressions (Theodoridou et al., 2009).
Moreover, physical touch is associated with peripheral oxy-
tocin release, for instance in response to stroking touch in
dogs and rodents (Lund et al., 2002; Odendaal and Meintjes,
2003). Oxytocin has been proposed to play a key role in social
grooming behavior in nonhuman primates (Pedersen et al.,
1988; Francis et al., 2000). Human studies have reported that
high frequency of physical contact with a partner predicts
elevated oxytocin plasma levels (Light et al., 2005). People
given a massage are more trusting in a subsequent social
interaction (trust game), an effect that covaries with plasma
oxytocin levels (Morhenn et al., 2008). Interestingly, the
subjects’ plasma oxytocin levels increased after receiving
massage succeeded by participation in the trust game, but
not after massage or trust game alone. Furthermore, per-
ipheral levels of oxytocin are positively associated with
parental touch of infants. Specifically, high plasma oxytocin
predicts affectionate touch in mothers, and stimulatory
touch in fathers (Feldman, 2012).

Here, we investigate the reciprocal influence of gentle
human touch and happy/frowning faces on the evaluation of
these stimuli, and we assess the role of oxytocin in these
interactions. We address (1) how social impressions of others
are affected by human touch and oxytocin; (2) how hedonic
experience of touch is affected by congruent and incongruent
visual information (facial expressions) and oxytocin; and (3)
whether these changes are underpinned by pupillary
responses. According to the feelings-as-information model,
the impact of a given affective response should increase with
its perceived informational value to the task at hand
(Schwarz, 2012). We therefore predicted stronger reciprocal
influences between face stimuli and human touch compared
to machine touch, and that oxytocin would potentiate these
effects. Separate data from this study showed that intranasal
oxytocin increases sensitivity to positive and negative facial
emotional expressions (Leknes et al., 2012), in line with
recent findings that intranasal oxytocin increases empathic
accuracy (Bartz et al., 2010) and social attention (Guastella
et al., 2008; Ellenbogen et al., 2012).

Touch is thought to intensify emotional displays from other
sensory modalities (Knapp and Hall, 1997). We therefore
hypothesized that both oxytocin and human touch should
‘‘sharpen’’ judgments of friendliness and attractiveness of
others. Specifically, that faces with positive or neutral expres-
sions would appear more friendly and attractive with conco-
mitant touch or enhanced central oxytocin, whereas faces
with angry expressions would appear less friendly and attrac-
tive. Conversely, we expected the hedonic experience of touch
to be modulated by concomitant viewing of smiling or frowning
faces, such that touch pleasantness would be enhanced by
happy expressions and reduced by angry expressions. In line
with the view that oxytocin is involved in the reward aspects of
social processing (Uvnäs-Moberg, 1998; Insel and Young, 2001;
Dölen et al., 2013), we also hypothesized that human touch
pleasantness would be increased by oxytocin treatment. We
further expected these behavioral and hedonic effects to be
mirrored by the pupillary response during the tasks. The pupil
dilates in response to rewarding and salient events, and is
considered an accurate physiological index of attentional
allocation (Beatty, 1982; Laeng et al., 2012).

2. Methods

The procedure of this study is also described in Leknes et al.
(2012), which reported data on the effects of oxytocin on
pupil response to, and emotional evaluation (i.e. anger and
happiness) of, the visual stimuli.

2.1. Participants

Forty self-described healthy right-handed volunteers were
recruited for this study, through announcements at the Uni-
versity of Oslo. A majority of the participants were under-
graduate or graduate students at the Department of
Psychology, University of Oslo. One participant completed
one session only and was excluded, yielding a final study
group size of 39 (20 females, mean age 26, range 20—39). All
participants gave written informed consent to participate in
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the study, which was approved by the Local Ethics Commit-
tee. Exclusion criteria were pregnancy and breast-feeding.
Fourteen of the female participants used oral contracep-
tives. Of the remaining females, we estimated four to be in
the luteal phase and two in the follicular phase of the cycle,
based on reported number of days since the last menses.
These females were in the same phase during both sessions.
Participants received 200 NOK (about 36 USD) per session.

2.2. Study design

Each individual participated in two sessions on separate days
(on average 3.4 (SD = 3.3, range 1—15) days apart), in coun-
terbalanced order: once with 40 IU oxytocin (Syntocinon,
Novartis, Basel, Switzerland; ten puffs alternating between
the left and the right nostril) and once with saline (0.9%,
Miwana, Gällivare, Sweden; ten puffs alternating as above),
in a double-blind manner. While intranasal oxytocin has been
shown to affect human brain processing and behavior in
numerous studies (Bartz et al., 2011), the exact route of
central action has yet to be identified (Churchland and
Winkielman, 2012). However, a recent study on rodents
suggests a central route that is parallel to peripheral uptake
(Neumann et al., 2013). In both sessions, participants viewed
gray-scale images of faces displaying happy, neutral, or angry
emotional expressions on a computer screen. While viewing
the images, participants received concomitant tactile stimu-
lation on the left forearm; either a gentle stroke adminis-
tered by an experimenter wearing a silk glove (human touch)
or a mechanical vibratory stimulus with the same silk fabric
touching the skin (machine touch). After each stimulus pair,
participants rated qualities of the visual and tactile stimuli.
Each session lasted for about 2 h. The test phase commenced
on average 40 min after administration of the nasal spray and
lasted approximately 25 min. Before the test phase, parti-
cipants were seated alone in a room and were asked to
refrain from any type of social interaction. The experimental
protocol consisted of 10 blocks: 5 human touch blocks and 5
machine touch blocks presented in alternating order. The
starting block type (human or machine) was counterbalanced
across participants and conditions. Each block consisted of 10
stimulus pairs (simultaneous visual and tactile stimulation)
presented for 3 s each. Before each stimulus pair, partici-
pants viewed a fixation cross for 5 s. Each stimulus pair was
followed by the presentation of two rating scales; each scale
was presented until the participant made a response. Pupil
diameter was recorded during stimulus presentation.

2.3. Stimulus presentation

2.3.1. Visual stimuli
One hundred and twenty images of faces (20 males, 20
females) displaying angry, neutral and happy facial expres-
sions from the Karolinska Directed Emotional Faces (Lundq-
vist et al., 1998) were used for stimulus presentation. The
order of presentation was pseudo-randomized. Images of all
40 individuals within the stimulus set were presented in
each session, and no images were repeated across sessions.
Eighty happy and angry ‘‘hybrid’’ images containing hidden
facial expressions were also included in the visual stimulus
set (these data are reported in Leknes et al. (2012)),
resulting in a total of 200 images, whereby 100 were used
in each session.

Because pupil size is affected by ambient luminance, the
background section of each image was altered to obtain the
same net average luminance for all images using Matlab
(The Mathworks Inc., Natick, MA, USA). The section of the
images containing face or hair was unaltered. Each image
(11 cm � 11 cm) was presented on a computer monitor situ-
ated 104 cm in front of the participant, yielding a visual angle
of 68, as used by Laeng et al. (2010). Participants were tested in
a windowless room with constant artificial lighting. All visual
stimuli and rating scales were presented using e-Prime 2.0
(Psychology Software Tools Inc., Sharpsburg, PA, USA).

2.3.2. Tactile stimuli
2.3.2.1. Human touch. Human touch stimulation consisted
of 3 s duration soft strokes with a velocity of approximately
5 cm/s, a stimulus known to be optimal in activating CT-
fibers (Löken et al., 2009). As C-fibers fatigue rapidly (Vallbo
et al., 1999), the strokes were alternated between two
parallel areas (each about 15 cm long) of the left forearm.
The strokes were administered by a research assistant wear-
ing a silk glove, which was used in order to reduce variability
caused by changes in the temperature and moisture levels of
the skin of the hand. The smooth glove also reduced friction,
thus making the stroking as smooth as possible. These char-
acteristics make it comparable to the paintbrush stimulation
typically used in psychophysical studies addressing the func-
tions of CT-fibers (Bjornsdotter et al., 2009; Löken et al.,
2009), while using real human touch increases ecological
validity. The experimenter was concealed from the partici-
pant’s view behind a curtain, in order to avoid distraction
due to visual contact/interaction between the experimen-
ter and the participant. Each participant was touched by the
same experimenter during both the oxytocin and the pla-
cebo sessions.

2.3.2.2. Machine touch. A 70 Hz vibration, for a duration of
3 s, was administered by a vibratory device on three succes-
sive areas of the dorsum of the left hand. The device was
handheld by the experimenter, who was in the same proxi-
mity of the participant as during human touch. Vibratory
stimuli of this frequency mainly activate myelinated Ab fibers
and not CT-fibers (Bessou et al., 1971). Therefore this sti-
mulation was used as a control stimulus for the CT-activating
touch, differing from the gentle stroking in social relevance
and C-fiber activity. The part of the device that was in
contact with the skin was covered with silk fabric.

2.4. Behavioral measures

Ratings of two aspects of the face stimuli and two aspects of
the touch stimuli were recorded: (1) Perceived friendliness
and attractiveness; (2) touch pleasantness and intensity.
Each aspect was measured via two visual analog rating scales
(VAS) that were displayed directly after each combined
stimulus. The rating scales were 1A: How attractive was
the person? (Anchors: Unattractive—Attractive); 1B: How
friendly was the person? (Anchors: Not Friendly—Friendly);
2A: How pleasant was the touch? (Anchors: Unpleasant—
Pleasant); and 2B: How intense was the touch? (Anchors:
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Not noticeable—Intense). Perceived facial expression (3A:
How angry was the person?; 3B: How happy was the person?)
was also rated; these data are reported elsewhere (Leknes
et al., 2012). The order of presentation of the rating scale
pairs was pseudo-randomized within each session and within
each rating scale pair. Since each face stimulus was only
presented once to each participant, each unique stimulus
was rated on one aspect only (friendliness/attractiveness,
touch pleasantness/intensity, or anger/happiness). Thus the
different rating scale pairs were associated with independent
visual stimuli separated in time. Participants were instructed
to pay attention to all aspects of the stimuli in every trial,
since the subsequent rating scales could be related to touch
experience, social characteristics, or facial expression.

Mood was measured at three time points during each
session: (1) before the nasal spray administration; (2) imme-
diately before the experimental protocol; and (3) immedi-
ately after the experimental protocol. Participants rated
their current level of fear, sadness, irritability, happiness,
calmness and anxiety using VAS with anchors Not at all-Very
much so.

2.5. Pupillometry

The pupil diameter of the participant’s left eye was mea-
sured by using a non-invasive infrared eye tracker
(iView � Hi-Speed monocular system, SMI-SensoMotoric
Instruments, Teltow, Germany) at a rate of 240 Hz for the
duration of each stimulus pair (3000 ms).
Figure 1 After oxytocin treatment, human touch sharpened social e
angry faces as less friendly (A) and attractive (B), but neutral and ha
human touch relative to machine touch. Difference-scores (oxytocin
the interaction. Error bars represent standard error of the mean. *
2.6. Data analysis

2.6.1. Behavioral data
Repeated-measures ANOVAs were conducted using SPSS 12.0
(SPSS Inc., Chicago, IL, USA) for each of the rating scales
(Friendliness, Attractiveness, Touch Pleasantness, and Touch
Intensity) using the following within-subjects factors: treat-
ment (oxytocin or saline); tactile stimulus (human touch or
machine touch); explicit facial expression (angry, neutral,
happy); and face gender (male or female). We also investi-
gated the following between-subjects factors: participant
gender (male or female) and session order (oxytocin or saline
at session 1). The degrees of freedom for the within-subjects
comparisons were corrected for deviance from sphericity
using the Greenhouse—Geisser algorithm. For statistically
significant effects, contrasts were performed to establish
the exact nature of the differences. To correct for multiple
comparisons, we used false discovery rate (FDR) correction
for the performed contrasts (Benjamini and Hochberg, 1995;
Storey, 2002), with a FDR threshold of 0.05. In the results, we
report both p and FDR-corrected (q) statistics. A separate
repeated-measures ANOVA was conducted on the mood rat-
ings with treatment, session and mood scale as factors.

2.6.2. Pupillometry data
Pupil diameter data for each participant and each session
were pre-processed in Matlab. Some data sets were lost due
to technical constraints (malfunction of software or hard-
ware). Good-quality recordings from both sessions were
valuation of others. After intranasal oxytocin, participants rated
ppy faces as more friendly and attractive, when accompanied by

 — placebo) are displayed in the panels to the right, to illustrate
p < 0.05, **p < 0.01.



Interactions between oxytocin, touch and emotion 15
obtained for 25 participants; only these data were analyzed
(50 sessions). Eye blinks and artifacts were excluded, leaving
physiologically plausible pupil sizes of 1—9 mm (Encyclopæ-
dia Britannica Online, s. v. ‘‘pupil’’). Average time series
were created for each stimulus type; these time series were
smoothed using a 10 Hz cut-off low-pass filter (a 5-pole
Chebyshev Type II filter). The time series were normalized
to reflect the total dilation of the pupil for each stimulus type
by subtracting the average pupil size during the first 200 ms
from all points in the time series. For statistical analysis, the
trimmed mean pupil dilation at 1000—3000 ms for each
stimulus type, session and participant was entered into a
linear multilevel (mixed models) analysis, based on a max-
imum likelihood approach (Baayen et al., 2008), using SPSS
with the following variables: drug treatment (oxytocin or
placebo); tactile stimulation type (human touch or machine
touch); and visual facial expression (angry, neutral, happy).

3. Results

3.1. After oxytocin treatment, human touch
sharpened ratings of friendliness and
attractiveness

A repeated measures ANOVA revealed that relative to machine
touch, concomitant human touch increased perceived friend-
liness (F(1, 35) = 7.42, p = 0.01, human touch: 5.14 � 0.73
(mean � SD), machine touch: 4.95 � 0.79), but not attrac-
tiveness of the faces (F(1, 35) = 0.38, p = 0.54). Further, there
Figure 2 Modulation of the touch experience. (A) Human touch wa
Touch pleasantness was altered by the facial expression of concomita
when accompanied by a happy face and least pleasant when accompa
was more negatively affected by viewing an angry face than machi
intensity. (E) Oxytocin did not significantly interact with emotional e
midpoint (neutral) of the pleasantness scale. Error bars represent s
was no significant main effect of oxytocin on ratings of friendli-
ness (F(1, 35) = 0.26, p = 0.61) or attractiveness (F(1, 35) =
2.2, p = 0.15). However, there was a significant three-way
interaction between treatment, tactile stimulus, and expres-
sion on ratings of both friendliness (F(2, 69.5) = 3.9, p = 0.025)
and attractiveness (F(1.9,66.8) = 6.26, p = 0.004). Planned
contrasts (treatment * tactile stimulus * expression) revealed
that after oxytocin treatment relative to placebo, social
evaluations of faces were ‘‘sharpened’’ when paired with
human touch compared to machine touch. Specifically, angry
faces were rated as less friendly and attractive while neutral
and happy faces were rated as more friendly (neutral > angry:
p = 0.016, FDR-corrected q = 0.025; happy > angry: p = 0.026,
q = 0.031, Fig. 1A) and attractive (neutral > angry: p = 0.003,
q = 0.02; happy > angry: p = 0.04, q = 0.038, Fig. 1B).

3.2. Facial expression of others shaped
pleasantness of human touch more strongly than
machine touch

As expected, human touch was significantly more pleasant
than machine touch (F(1, 35) = 53.7, p < 0.001) (Fig. 2A).
Further, the ANOVA revealed a main effect of facial expres-
sion, where tactile stimuli were least pleasant when pre-
sented together with an angry face, and most pleasant when
presented together with a happy face (F(1.5, 52.5) = 22.2,
p < 0.001) (Fig. 2B). Facial expression also interacted with
tactile stimulus (F(2, 68.2) = 7.9, p = 0.001). Specifically,
planned contrasts revealed that the pleasantness of human
s more pleasant than machine touch, but of equal intensity. (B)
ntly viewed faces. Specifically, tactile stimuli were most pleasant
nied by an angry face. (C) Moreover, pleasantness of human touch
ne touch was. (D) Oxytocin did not alter touch pleasantness or
xpression to alter touch pleasantness. Dashed lines refer to the
tandard error of the mean. ***p < 0.001.



Figure 3 Pupil responses to visuotactile stimulation. Pupil
responses were larger to human touch than machine touch.
Furthermore, there was an interaction between touch stimulus
type and emotional expression, in which human touch produced
larger pupil dilation than machine touch when accompanied by a
happy face, but smaller than machine touch when accompanied
by angry faces.
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touch was significantly more affected by concomitant view-
ing of angry faces, compared to machine touch ( p = 0.001,
q = 0.006) (Fig. 2B and C). Human and machine touch did not
significantly differ in perceived intensity (F(1, 35) = 1.6,
p = 0.21).

3.3. Oxytocin did not alter touch experience

Contrary to the hypothesis, we did not find evidence that
intranasal administration of oxytocin affected touch experi-
ence. There was no significant main effect of treatment on
touch pleasantness (F(1, 35) = 0.92, p = 0.34) (Fig. 2D), nor
were there any significant interactions with facial expression
(F(2, 67.5) = 1.7, p = 0.19) (Fig. 2E) or tactile stimulus (F(1,
35) = 0.24, p = 0.63). Similarly, there was no significant main
effect of treatment on touch intensity ratings (F(1, 35) = 0.06,
p = 0.8), and no significant interactions with facial expression
(F(2, 67.5) = 0.76, p = 0.45) or tactile stimulus (F(1,
35) = 0.23, p = 0.63).

3.4. Exploratory analysis addressing emotional
sensitivity

As previously reported (Leknes et al., 2012), the ability to
differentiate faces implicitly expressing anger from faces
implicitly expressing happiness (emotional sensitivity) was
a significant moderator of the effects of oxytocin on emotion
judgments. We therefore performed exploratory ANOVAs
(with factors treatment, touch stimulus, and expression, like
above), adding emotional sensitivity score as a covariate, to
investigate whether this index also affected social impres-
sions and/or touch perception.

There was an interaction between expression and emo-
tional sensitivity on touch pleasantness (F(1.5, 52.4) = 7.9,
p = 0.002). Specifically, exploratory contrasts using the inter-
action term [expression * emotional sensitivity] showed that
people with the highest emotional sensitivity were most
negatively affected by looking at an angry face compared
to a neutral ( p = 0.003, uncorrected) or happy face
( p = 0.003, uncorrected). Further, there was an interaction
between touch stimulus and emotional sensitivity on touch
pleasantness (F(1, 35) = 5.8, p = 0.02). Specifically, those
with higher emotional sensitivity reported a smaller plea-
santness difference between human and machine touch
( p = 0.02, uncorrected). There were no further effects of
emotional sensitivity on touch pleasantness ( p’s > 0.16), and
no significant effects on attractiveness ratings ( p’s > 0.6). As
previously reported, those with high emotional sensitivity
also reported the greatest differences in rated friendliness
between implicit angry and implicit happy faces at baseline
(Leknes et al., 2012). Emotional sensitivity did not affect the
influences of treatment, tactile stimulus, and explicit
expression on friendliness ( p’s > 0.1).

3.5. Human touch produced larger pupil
responses to happy expressions, but smaller
pupil responses to angry expressions, compared
to machine touch

Average pupil size was 3.7 mm, and the mean stimulus-
induced pupil dilation during the 3 s stimulus presentation
period was 0.3 mm (8%). The effects of drug administration,
tactile stimulus, facial expression and other factors on pupil
dilation at 1000—3000 ms were assessed using a linear mixed
models approach. p values from type III F-test for fixed
effects are reported. For non-significant effects, example
p values are reported from 1700 ms after stimulus onset. As
previously reported, oxytocin significantly increased pupil
dilation responses to visuotactile stimuli (Leknes et al.,
2012), but there was no significant interaction between
oxytocin treatment and tactile stimulus or facial expression
(e.g. treatment-by-expression interaction, p = 0.50 at
1700 ms). Human touch also significantly increased pupil
dilation compared to machine touch (F(1, 456) = 9.01,
p = 0.003, Cohen’s d = 0.19, human touch: 0.26 � 0.19,
machine touch: 0.22 � 0.16, in the interval 1000—
3000 ms). Furthermore, there was a significant interaction
between tactile stimulus and facial expression (F(1,
456) = 2.548, p = 0.039). A planned contrast revealed
that human touch (relative to machine touch) produced
larger increases in pupil dilation when paired with a happy
face than when paired with an angry face (happy
[human > machine] > angry [human > machine]: p <
0.001, q = 0.013, d = 0.60, Fig. 3). There was no main effect
of facial expression on pupil dilation at any time during the
stimulus period (for example, p = 0.45 at 1700 ms). There
were also no effects of the gender of the participant
( p = 0.46 at 1700 ms), or the order of treatment presentation
(oxytocin or saline first, p = 0.58 at 1700 ms).
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3.6. No effect of oxytocin on mood

As previously reported (Leknes et al., 2012), we found no
significant main effect of oxytocin treatment on self ratings
of fear, sadness, irritability, happiness, calmness, or anxiety
(F(1, 26) = 1.4, p = 0.246). There were also no significant
interactions between oxytocin treatment and session number
(first or second) or time of rating (pre-treatment, pre-test-
ing, post-testing) on mood scores (all p’s > 0.39).

3.7. No effect of female oral contraceptive use

Oxytocin interacts with estrogen and other female sex hor-
mones. Since 14 of the female participants used oral contra-
ceptives, and the remaining 6 had normal hormonal cycles,
we explored whether this affected the outcomes. We per-
formed a separate ANOVA including females only, with the
same factors as above (treatment, touch stimulus, and
expression), and with oral contraceptive use as a covariate.
There were no significant interactions between oxytocin and
oral contraceptive use on ratings of attractiveness
( p = 0.13), friendliness ( p = 0.60), intensity ( p = 0.64), or
pleasantness ( p = 0.83).

4. Discussion

In order to decide if someone is a friend or a foe, people
typically integrate multisensory information with knowledge,
affect and expectations. In this study, we found that human
touch and oxytocin treatment altered impressions of others.
Conversely, seeing other people smiling or frowning affected
the pleasantness of concomitant touch. After oxytocin treat-
ment, being touched by another human sharpened partici-
pants’ social evaluation of others, such that faces with angry
expressions were rated as less friendly and attractive, while
faces with neutral or happy expressions were rated as more
friendly and attractive. The touch experience itself was rated
as most pleasant when presented along with a happy face and
least pleasant when presented with an angry face, an effect
that was stronger for human touch than machine touch. We did
not, however, find evidence that oxytocin affected the touch
experience. Pupillary responses were larger to human touch
than to equally intense machine touch, indicating that more
attention was allocated to human touch. This effect was
strongest when paired with a happy face. The present findings
may elucidate mechanisms of social bonding and affiliation.

4.1. After oxytocin treatment, human touch
sharpened social evaluations of others

Being actively touched by another person signals that this
person is in close proximity and is likely making an approach.
The ability to efficiently decide whether a person is a friend
or a foe may therefore be more important if this person
touches you. Hence, socially relevant touch can be a power-
ful modulator of behavior in a range of social settings
(Gallace and Spence, 2010). Naturalistic studies have
demonstrated that interpersonal touch can positively mod-
ulate attitudes and behavior (Crusco and Wetzel, 1984),
even when the touch is not explicitly remembered (Fisher
et al., 1976). Much of the literature reporting positive
effects of interpersonal touch has focused on touch in
positive social situations where the touch is likely to be
congruent with the visual or auditory components of the
social interaction (Gallace and Spence, 2010). Our results
demonstrate that the effect of human touch on social beha-
vior is dependent on the emotional valence of the context.
Rather than causing a general positive shift, human touch,
relative to machine touch, intensified the evaluations of
social characteristics in others, making faces expressing
anger look less friendly and less attractive, while making
faces expressing neutral or happy emotions look more
friendly and attractive. This is in line with the view that
touch increases the salience of emotional information from
other modalities (Knapp and Hall, 1997; Hertenstein et al.,
2006), which may underlie the observed consequences of
touch in social behavior (Gallace and Spence, 2010). Coher-
ent with the feelings-as-information view, human touch may
have conveyed information that was more relevant than
machine touch to the interpretation of the faces, and thus
had a larger impact on these evaluations (Schwarz and Clore,
1983), even though the visual and tactile stimuli originated
from separate sources. This finding was mirrored by
increased pupillary responses to human touch compared
to machine touch, indicating that more attention was allo-
cated to the visuotactile stimuli during the presence of
human touch.

Interestingly, the sharpening effect of human touch on
social evaluations was observed only when oxytocin levels
were elevated after intranasal treatment. This is consistent
with evidence showing that oxytocin increases interest
toward social stimuli (Domes et al., 2007; Bartz et al.,
2010; Leknes et al., 2012). Moreover, recent studies indicate
that oxytocin increases trust toward within-group members
(Declerck et al., 2010; Van IJzendoorn and Bakermans-Kra-
nenburg, 2012), but may be non-effective (Van IJzendoorn
and Bakermans-Kranenburg, 2012), or even reduce trust
toward out-group members (De Dreu et al., 2011), especially
when these are perceived as threatening (De Dreu et al.,
2010). As we previously reported (Leknes et al., 2012),
oxytocin enhanced perceived happiness and anger of faces
with explicit and implicit (‘‘hidden’’) emotional expressions.
This effect was moderated by baseline ‘‘emotional sensitiv-
ity’’ (i.e. how well people are at differentiating between
implicit expressions of anger and happiness at baseline), such
that those who had poorer baseline emotional sensitivity
gained the greatest improvement from oxytocin.

Some studies suggest that touch in social contexts elicits
oxytocin release in humans (Light et al., 2005; Holt-Lunstad
et al., 2008; Morhenn et al., 2008) and animals (Uvnäs-
Moberg, 1998; Lund et al., 2002; Odendaal and Meintjes,
2003). Thus, it is possible that human touch induced endo-
genous oxytocin release, which in combination with the
exogenously elevated oxytocin levels produced the observed
sharpening effects. Alternatively, human touch may have
sharpened impressions through a non-oxytocinergic mechan-
ism, which was modulated by the elevated oxytocin levels.
For instance, the endogenous opioid system is thought to
interact with oxytocin to mediate grooming-like social touch
(Dunbar, 2010). The dopamine system is also known to inter-
act with oxytocin (Rosenfeld et al., 2011).

The sharpening effect of human touch and oxytocin may
reflect mechanisms important for human affiliation, by which
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social or emotional information obtained when being actively
touched by another person may be biased (sharpened) in
order to promote a ‘‘quick-and-dirty’’ judgment of them
(Tversky and Kahneman, 1974). This is similar to biases in
other senses. For example, people overestimate change
in auditory pitch for rising tones, which likely signals an
approaching object, compared to falling tones (Neuhoff,
1998).

Although human touch differed from machine touch in its
interaction with oxytocin, it is not known whether human
touch differs from no touch. Thus, an alternative interpreta-
tion could be that machine touch attenuates a sharpening
effect of oxytocin, perhaps because of distraction. However,
the two touch stimuli were matched on sensory intensity,
stimulus duration, proximity between the toucher and the
participant, and the type of surface (silk fabric) touching the
skin. This, together with the notion that the two stimuli did
not affect friendliness or attractiveness differently in the
placebo condition, minimizes the likelihood that human
touch and machine touch differed in terms of distraction.
Thus, the interpretation that human touch and oxytocin
interactively sharpens social impressions of others, in line
with the vast literature showing the potency of these in
shaping social processing and behavior, may provide a more
prudent interpretation.

4.2. Touch experience was altered by viewed
facial expression, but not by oxytocin

While oxytocin interacted with human touch to alter social
impressions of others, the touch experience itself was not
significantly affected by oxytocin. Oxytocin is thought to be
involved in reward aspects of social processing (Uvnäs-
Moberg, 1998; Insel and Young, 2001). However, although
intranasal administration of oxytocin in humans is often
reported to influence social behavior like trust, social mem-
ory, empathic accuracy and social cognition (Bartz et al.,
2011), oxytocin is rarely reported to affect hedonic feelings
or mood (but see Shamay-Tsoory et al., 2009). Thus, other
neurotransmitter systems (e.g. opioids) may be responsible
for the hedonic aspects of touch and other social rewards.
Given our sample size (n = 40, within-subjects design) and
the relatively high dosage of intranasal oxytocin (40 IU), we
consider a false negative unlikely. However, as the central
effects of oxytocin are often reported to be specific to the
social domain, oxytocin may play a role in hedonic touch
experience in more naturalistic social settings, such as touch
in close interpersonal relations. Similarly, since little is
known about how the central enhancement of oxytocin
following intranasal administration compares with endogen-
ous oxytocin enhancement e.g. during pregnancy or breast-
feeding, the present null finding must be interpreted with
caution.

In contrast to oxytocin treatment, the emotional expres-
sions of concomitantly viewed faces altered the pleasantness
of touch. Touch was least pleasant when presented together
with an angry face, and most pleasant with a happy face, and
human touch was more strongly affected by the concomitant
facial expression. This demonstrates the influence of top-
down and cross-modal factors on the touch experience, in
line with previous reports showing that the believed identity
of the toucher (Gazzola et al., 2012) or the richness of
applied skin cream (McCabe et al., 2008) alters perceived
touch pleasantness. Interestingly, our results show that
visually perceived facial expression impacted on touch plea-
santness even though participants were fully aware that the
person touching them was not the same person they were
viewing. Moreover, the effect was also present, although
weaker, for machine touch, indicating that the effect was
not specific to the social touch domain. This finding mirrors
previous reports showing that emotional stimuli can modu-
late behavior that generalizes beyond emotional or social
aspects (Winkielman et al., 2005; Schwarz, 2012).

4.3. Human touch and a happy face evoked the
largest pupillary responses

Pupil dilation responses to human touch were larger than
responses to machine touch, supporting the notion that
human touch increased the salience of the emotional con-
text. Pupillary changes closely correlate with tonic norepi-
nephrine release in the locus coeruleus, which plays a role in
how attention is strategically allocated to stimuli of varying
reward value (Aston-Jones and Cohen, 2005). The human and
machine touch stimuli were rated as equally intense, sug-
gesting it is the hedonic value or social meaning that is
reflected by the pupil increase. The human touch stimuli
used in this study were characterized by slow (around 5 cm/s)
gentle strokes that are optimal for activating C-tactile (CT)
afferents (Löken et al., 2009). CT afferents are likely to
convey affective or social information of touch (Löken
et al., 2009; Vrontou et al., 2013). In contrast, vibration
(the machine control touch) mainly activates A-beta fibers
(Bessou et al., 1971), which transmit more discriminatory
qualities of touch (McGlone et al., 2012). Functional neuroi-
maging studies have found that CT-optimal touch activates
the insular, anterior cingulate (ACC), and orbitofrontal cor-
tices (OFC) relative to CT-suboptimal touch (McCabe et al.,
2008; Bjornsdotter et al., 2009; Morrison et al., 2011;
McGlone et al., 2012; Gordon et al., 2013). As retrograde
tracing studies in primates have shown that the locus coer-
uleus receives its major input from ACC and OFC (Aston-Jones
and Cohen, 2005), it is interesting to note that this type of
touch produced larger pupillary dilations.

Increased pupil dilation has been observed in response to
sexual stimuli (Hess and Polt, 1960), subliminal reward cues
(Bijleveld et al., 2009), emotionally salient stimuli (Gran-
holm and Steinhauer, 2004), and to intranasal administration
of oxytocin (Leknes et al., 2012). Furthermore, women’s
pupillary responses to viewing pictures of their boyfriends
were largest when they were in the ovulatory (fertile) stage
of their menstrual cycle (Laeng and Falkenberg, 2007). Thus,
pupil dilation responses to CT-targeted human touch may
reflect a mechanism of social bonding and affiliation in
humans. Human touch paired with a smiling face elicited
the largest pupillary responses. This stimulus combination
received the highest scores on all measures (pleasantness,
attractiveness, friendliness), and is arguably the most emo-
tionally congruent event, likely making it more socially
meaningful and cognitively interesting than the other sti-
muli. Since large pupil sizes are associated with increased
attractiveness (Wiseman and Watt, 2010), and signal



Interactions between oxytocin, touch and emotion 19
increased social interest in others (Laeng and Falkenberg,
2007), it is interesting to note that both gentle human touch
and elevated oxytocin levels (Leknes et al., 2012) increased
pupillary responses in this investigation. Consistent with the
ideas that oxytocin (Bartz et al., 2010) and interpersonal
touch (Knapp and Hall, 1997; Hertenstein et al., 2006)
increases interest toward social stimuli, increased pupil
dilation responses in these conditions may reflect a mechan-
ism of social bonding and affiliative behavior.

In conclusion, we found that social information from visual
and tactile sources had reciprocal effects on the appraisal of
these stimuli. Human touch had a sharpening effect on social
evaluation of others, making angry faces less friendly and
attractive, while making neutral and happy faces more
friendly and attractive. This effect was only present after
oxytocin treatment, supporting the view that interpersonal
touch modifies social behavior through oxytocinergic
mechanisms. The hedonic experience of touch was in turn
influenced by the emotional expression of concomitantly
viewed faces, but not by oxytocin treatment. Touch was
most pleasant when paired with a happy face, but least
pleasant when paired with an angry face, an effect that
was stronger for human touch than machine touch. The
significance of human touch in these interactions was mir-
rored in increased pupil dilation responses to human touch
compared to machine touch, especially when paired with a
happy face. Together, these findings may reflect mechanisms
of human affiliation, whereby social interactions involving
touch from another person are given more salience, as they
are likely to involve a direct approach from another person,
which calls for immediate judgment of their intentions.
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Löken, L.S., Wessberg, J., Morrison, I., McGlone, F., Olausson, H.,
2009. Coding of pleasant touch by unmyelinated afferents in
humans. Nat. Neurosci. 12, 547—548.

Lund, I., Ge, Y., Yu, L.C., Uvnäs-Moberg, K., Wang, J., Yu, C.,
Kurosawa, M., Agren, G., Rosen, A., Lekman, M., Lundeberg,
T., 2002. Repeated massage-like stimulation induces long-term
effects on nociception: contribution of oxytocinergic mecha-
nisms. Eur. J. Neurosci. 16, 330—338.

Lundqvist, D., Flykt, A., Ohman, A., 1998. Karolinska Directed
Emotional Faces. (Database of Standardized Facial Images).Psy-
chology Section, D.o.C.N., Karolinska Hospital, Stockholm,
Sweden.

McCabe, C., Rolls, E.T., Bilderbeck, A., McGlone, F., 2008. Cogni-
tive influences on the affective representation of touch and the
sight of touch in the human brain. Soc. Cogn. Affect. Neurosci.
3, 97—108.

McGlone, F., Olausson, H., Boyle, J.A., Jones-Gotman, M., Dancer,
C., Guest, S., Essick, G., 2012. Touching and feeling: differences
in pleasant touch processing between glabrous and hairy skin in
humans. Eur. J. Neurosci. 35, 1782—1788.

Morhenn, V.B., Park, J.W., Piper, E., Zak, P.J., 2008. Monetary
sacrifice among strangers is mediated by endogenous oxytocin
release after physical contact. Evol. Hum. Behav. 29, 375—383.

Morrison, I., Loken, L.S., Olausson, H., 2010. The skin as a social
organ. Exp. Brain Res. 204, 305—314.
Morrison, I., Bjornsdotter, M., Olausson, H., 2011. Vicarious
responses to social touch in posterior insular cortex are tuned
to pleasant caressing speeds. J. Neurosci. 31, 9554—9562.

Neuhoff, J.G., 1998. Perceptual bias for rising tones. Nature 395,
123—124.

Neumann, I.D., Maloumby, R., Beiderbeck, D.I., Lukas, M., Landgraf,
R., 2013. Increased brain and plasma oxytocin after nasal and
peripheral administration in rats and mice. Psychoneuroendocri-
nology 38, 1985—1993.

Odendaal, J.S., Meintjes, R.A., 2003. Neurophysiological correlates
of affiliative behaviour between humans and dogs. Vet. J. 165,
296—301.

Pedersen, C.A., Caldwell, J.D., Drago, F., Noonan, L.R., Peterson, G.,
Hood, L.E., Prange Jr., A.J., 1988. Grooming behavioral effects of
oxytocin. Pharmacology, ontogeny, and comparisons with other
nonapeptides. Ann. N. Y. Acad. Sci. 525, 245—256.

Rolls, E.T., O’Doherty, J., Kringelbach, M.L., Francis, S., Bowtell, R.,
McGlone, F., 2003. Representations of pleasant and painful touch
in the human orbitofrontal and cingulate cortices. Cereb. Cortex
13, 308—317.

Rosenfeld, A.J., Lieberman, J.A., Jarskog, L.F., 2011. Oxytocin, dopa-
mine, and the amygdala: a neurofunctional model of social cogni-
tive deficits in schizophrenia. Schizophr. Bull. 37, 1077—1087.

Schwarz, N., 2012. Feelings-as-information theory. In: Van Lange,
P.A.M., Kruglanski, A.W., Higgins, E.T. (Eds.), The Handbook of
Theories of Social Psychology. Sage Publications Ltd., Thousand
Oaks, CA, pp. 289—308.

Schwarz, N., Clore, G.L., 1983. Mood, misattribution, and judgments
of well-being — informative and directive functions of affective
states. J. Pers. Soc. Psychol. 45, 513—523.

Schwarz, N., Clore, G.L., 2007. Feelings and phenomenal experi-
ences. In: Kruglanski, A.W., Higgins, E.T. (Eds.), Social Psycholo-
gy: Handbook of Basic Principles. second ed. The Guilford Press,
New York, NY, pp. 385—407.

Shamay-Tsoory, S.G., Fischer, M., Dvash, J., Harari, H., Perach-
Bloom, N., Levkovitz, Y., 2009. Intranasal administration of
oxytocin increases envy and Schadenfreude (gloating). Biol. Psy-
chiatry 66, 864—870.

Storey, J.D., 2002. A direct approach to false discovery rates. J. R.
Stat. Soc. B 64, 479—498.

Theodoridou, A., Rowe, A.C., Penton-Voak, I.S., Rogers, P.J., 2009.
Oxytocin and social perception: oxytocin increases perceived
facial trustworthiness and attractiveness. Horm. Behav. 56,
128—132.

Tversky, A., Kahneman, D., 1974. Judgment under uncertainty:
heuristics and biases. Science 185, 1124—1131.

Uvnäs-Moberg, K., 1997. Physiological and endocrine effects of social
contact. Ann. N. Y. Acad. Sci. 807, 146—163.

Uvnäs-Moberg, K., 1998. Oxytocin may mediate the benefits of
positive social interaction and emotions. Psychoneuroendocrinol-
ogy 23, 819—835.

Vallbo, A.B., Olausson, H., Wessberg, J., 1999. Unmyelinated affer-
ents constitute a second system coding tactile stimuli of the
human hairy skin. J. Neurophysiol. 81, 2753—2763.

Van IJzendoorn, M.H., Bakermans-Kranenburg, M.J., 2012. A sniff of
trust: meta-analysis of the effects of intranasal oxytocin admin-
istration on face recognition, trust to in-group, and trust to out-
group. Psychoneuroendocrinology 37, 438—443.

Vrontou, S., Wong, A.M., Rau, K.K., Koerber, H.R., Anderson, D.J.,
2013. Genetic identification of C fibres that detect massage-like
stroking of hairy skin in vivo. Nature 493, 669—673.

Winkielman, P., Berridge, K.C., Wilbarger, J.L., 2005. Unconscious
affective reactions to masked happy versus angry faces influence
consumption behavior and judgments of value. Pers. Soc. Psychol.
Bull. 31, 121—135.

Wiseman, R., Watt, C., 2010. Judging a book by its cover: the
unconscious influence of pupil size on consumer choice. Percep-
tion 39, 1417—1419.

http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0115
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0115
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0120
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0120
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0120
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0125
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0125
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0130
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0130
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0130
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0135
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0135
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0140
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0140
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0145
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0145
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0150
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0150
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0150
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0150
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0155
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0155
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0160
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0160
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0165
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0165
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0165
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0170
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0170
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0175
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0175
http://dx.doi.org/10.1093/scan/nss062
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0185
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0185
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0185
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0190
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0190
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0195
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0195
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0195
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0200
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0200
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0200
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0200
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0205
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0205
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0205
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0205
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0210
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0210
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0210
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0215
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0215
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0215
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0220
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0220
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0225
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0225
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0225
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0230
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0230
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0235
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0235
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0235
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0240
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0240
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0240
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0245
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0245
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0245
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0250
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0250
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0250
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0255
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0255
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0255
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0260
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0260
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0260
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0260
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0260
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0260
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0260
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0260
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0265
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0265
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0265
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0270
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0270
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0270
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0270
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0270
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0270
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0275
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0275
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0275
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0280
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0280
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0285
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0285
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0285
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0290
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0290
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0295
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0295
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0300
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0300
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0300
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0305
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0305
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0305
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0310
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0310
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0310
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0310
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0315
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0315
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0320
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0320
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0320
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0320
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0325
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0325
http://refhub.elsevier.com/S0306-4530(13)00336-3/sbref0325

	In touch with your emotions: Oxytocin and touch change social impressions while others’ facial expressions can alter touch
	Introduction
	Methods
	Participants
	Study design
	Stimulus presentation
	Visual stimuli
	Tactile stimuli
	Human touch
	Machine touch


	Behavioral measures
	Pupillometry
	Data analysis
	Behavioral data
	Pupillometry data


	Results
	After oxytocin treatment, human touch sharpened ratings of friendliness and attractiveness
	Facial expression of others shaped pleasantness of human touch more strongly than machine touch
	Oxytocin did not alter touch experience
	Exploratory analysis addressing emotional sensitivity
	Human touch produced larger pupil responses to happy expressions, but smaller pupil responses to angry expressions, compared to machine touch
	No effect of oxytocin on mood
	No effect of female oral contraceptive use

	Discussion
	After oxytocin treatment, human touch sharpened social evaluations of others
	Touch experience was altered by viewed facial expression, but not by oxytocin
	Human touch and a happy face evoked the largest pupillary responses

	Role of the funding source
	Conflict of interest statement
	Acknowledgements
	References


