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touch. The results showed weaker deactivation in primary
somatosensory cortex and medial pFC and stronger activation in cerebellum for the animate target, compared with the
inanimate target, when intending to touch it with oneʼs own
hand. Differently, in anticipation of touching the human hand
with an object, anterior inferior parietal lobule and lateral
occipital-temporal cortex showed stronger activity. When actually touching a human hand with oneʼs own hand, activation
was stronger in medial pFC but weaker in primary somatosensory cortex. The findings provide new insight on the contribution of simulation and sensory prediction mechanisms to
active social behavior. They also suggest that literally getting
in touch with someone and touching someone by using an
object might be approached by an agent as functionally distinct
conditions. ■
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for both self and other is fundamental for action coordination
when individuals socially interact. Somatosensation constitutes
an elementary component of social cognition and sensorimotor
prediction, but its functions in active social behavior remain
unclear. We hypothesized that the somatosensory system contributes to social haptic behavior as evidenced by specific anticipatory activation patterns when touching an animate target
(human hand) compared with an inanimate target (fake hand).
fMRI scanning was performed during a paradigm that allowed to
isolate the anticipatory representations of active interpersonal
touch while controlling for nonsocial sensorimotor processes
and possible confounds because of interpersonal relationships or socioemotional valence. Active interpersonal touch
was studied both as skin-to-skin contact and as object-mediated
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■ Anticipating the sensorimotor consequences of an action
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Interpersonal touch is a primary expression of affiliative
behavior. It reflects the disposition of individuals to
seek close contact between them, promoting socioemotional development, group cohesion, and reproduction (Dunbar, 2010; Gallace & Spence, 2010; Morrison,
Loken, & Olausson, 2010). Despite the clear interactive
character of interpersonal touch, psychological and neuroscientific investigations addressed it almost exclusively as
a receptive experience. Gibson (1962) already emphasized
the functional specificity of active touch, but research on
active touch was mostly confined to the study of human–
object interactions.
Important differences exist between our tactile interactions with the animate or inanimate world. For example,
whereas the former is driven by the intention to explore,
manipulate, and use objects ( Johansson & Flanagan, 2009;
Lederman & Klatzky, 2009), the latter essentially has a
communicative intention through somatosensory interaction with another individual (Gallace & Spence, 2010;
Hertenstein, Keltner, App, Bulleit, & Jaskolka, 2006). From
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this perspective, it can be argued that active animate and
inanimate touch may not only differ in the experience of
the touch itself but that active interpersonal touch may
be already unique in the processes anticipating it. This
study specifically aimed at clarifying the anticipatory
somatosensory processes of active interpersonal touch,
compared with anticipatory somatosensory processes of
active object touch, by means of fMRI.
Anticipation is fundamental to action (Blakemore &
Frith, 2003; Haggard & Clark, 2003; Wolpert & Flanagan,
2001). During action performance, predictions are made
by the brain about the sensorimotor consequences to
anticipate effects and optimize performance (Prinz, 2012;
Knoblich & Flach, 2001; Wolpert, Ghahramani, & Jordan,
1995). Several sensorimotor brain regions have been implicated in such predictions, including somatosensory
and parietal cortices, cerebellum, and SMA (Haggard,
2008; Blakemore & Sirigu, 2003). Especially relevant for social action coordination, in addition to the anticipation of
oneʼs personal sensorimotor experiences, the anticipation
of othersʼ behavior and experiences plausibly also has a
clear functional value (Sebanz, Bekkering, & Knoblich,
2006). For example, in the case of active interpersonal
touch, intensity, velocity, and fine motor skills are regulated based on the expected sensation of both oneself
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cortical motor and somatosensory circuits likely contribute to the prediction of the sensorimotor consequences
of touch performance. In particular, touch directed at
another individual might be characterized by differential
anticipatory neural activation patterns in brain circuits
involved in somatosensation and social cognition, when
compared with touch directed at inanimate targets. In
addition, we speculated that actions leading to skin-toskin contact, that is, literally getting in touch with someone, and touching another individual through an object
possibly might be characterized by distinct anticipatory
sensory activity patterns. Skin-to-skin contact, that is,
direct bodily interaction, is associated with a different
intention, but also a different relevance for the personal
perception of the touch, compared with an inanimate
touch. By contrast, touching an animate or inanimate
target mediated by an object, that is, indirect bodily interaction, only differs with respect to its intention with a
more marked accentuation of the goal of the action.
To address these issues, fMRI scanning was performed
in healthy participants during an experimental paradigm
designed to isolate the anticipatory sensorimotor representations of social touch, while controlling for nonsocial
sensorimotor processes and possible confounds because
of interpersonal relationships or socioemotional valence.
Interpersonal touch was studied either as skin-to-skin
contact with another individual or as tactile stimulation of
another individual without direct bodily contact. Whereas
the former can be considered as an action resulting in a
unique, shared sensory experience between two human
beings, the latter concerns an action directed at inducing
a sensation in the other without tactilely experiencing its
sociality.
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and the other. It is likely to posit that sensorimotor brain
circuits involved in the processing of first-person tactile
experiences contribute to active interpersonal touch by
anticipating not only oneʼs own but also othersʼ behavior
and experiences for the regulation of touch performance.
Somatosensation constitutes an elementary component
of both action consequences (Blakemore & Sirigu, 2003)
and social cognition (Gallese & Ebisch, 2013; Gallese &
Sinigaglia, 2011; Keysers, Kaas, & Gazzola, 2010). Activity
in somatosensory cortices is modulated by anticipation
of tactile stimuli (Carlsson, Petrovic, Skare, Petersson, &
Ingvar, 2000) and active movement ( Jackson, Parkinson,
Pears, & Nam, 2011), which in turn modulates tactile
stimulus processing (van Ede, de Lange, & Maris, 2013;
Jackson et al., 2011; Voss, Ingram, Wolpert, & Haggard,
2008). Furthermore, empirical evidence consistently suggests that primary (SI, in particular BA 2) and secondary
(SII) somatosensory cortices also contribute to the understanding of other individualsʼ tactile experiences (see, for
reviews, Gallese & Ebisch, 2013; Gallese & Sinigaglia,
2011; Keysers et al., 2010). Some studies indicated that
other regions endowed with tactile properties, like anterior inferior parietal lobule (aIPL), ventral premotor cortex, and lateral occipital-temporal cortex (lOT), could
also be involved in somatosensory aspects of social perception (Morrison, Tipper, Fenton-Adams, & Bach, 2012;
Ebisch et al., 2008). Although not systematically investigated, psychological evidence supports a role of embodied
simulation in the predictive coding of othersʼ peripheral
sensations (Bosbach, Cole, Prinz, & Knoblich, 2005).
Neuroimaging studies suggested that predicting the consequences of observed object-directed actions involves
brain regions with somatosensory properties (Morrison
et al., 2012; Ramsey, Cross, & Hamilton, 2012).
Most somatosensory regions related to social perception also are strongly linked with motor behavior, making
them plausible candidates for regulating active social
touch. BA 2 and SII have direct reciprocal connections
with intraparietal sulcus and aIPL, areas involved in multisensory integration as well as vicarious sensorimotor functions (Ishida, Nakajima, Inase, & Murata, 2010; Keysers
et al., 2010; Rizzolatti & Sinigaglia, 2010; Rozzi et al.,
2006; Bremmer et al., 2001; Lewis & Van Essen, 2000; Pons
& Kaas, 1986). BA 2 also projects to primary motor cortex
(Caria, Kaneko, Kimura, & Asanuma, 1997; Kaneko, Caria,
& Asanuma, 1994a, 1994b) and has a crucial role in motor
control during haptic behavior (Freund, 2003; Iwamura &
Tanaka, 1996; Hikosaka, Tanaka, Sakamoto, & Iwamura,
1985). Furthermore, aIPL (including areas PF and PFG)
and ventral premotor cortex are involved in sensorimotor
coupling underlying the integration of multisensory information with motor representations for the control of
goal-related motor behavior (Rozzi et al., 2006; Gallese,
Fadiga, Fogassi, & Rizzolatti, 2002; Rizzolatti, Fogassi, &
Gallese, 2002; Hyvärinen, 1982).
Hence, we hypothesized that, in the case of touching
someone as well as in the case of touching something,
2
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METHODS
Participants
Sixteen healthy, right-handed, young adults (age = 20–
34 years; eight women) participated in the present experiment. All participants had normal or corrected-to
normal vision capabilities. Written informed consent
was obtained from all participants after full explanation
of the studyʼs procedure, in line with the Declaration of
Helsinki. The experimental protocol was approved by
the local institutional ethics committee. Participants were
paid for their participation in the fMRI experiment.
fMRI Data Acquisition
For each participant, BOLD contrast functional imaging
was performed with a Philips Achieva scanner at 3T at
the Institute of Advanced Biomedical Technologies, Chieti,
Italy. An initial T1-weighted anatomical (3-D MP-RAGE
pulse sequence; 1 mm isotropic voxels) and T2*-weighted
functional data were collected with an eight-channel
phased-array head coil. EPI data (gradient-echo pulse
Volume X, Number Y

sequence) were acquired from 31 slices (3.5 × 2.875 ×
2.875 mm resolution, repetition time = 2000 msec, echo
time = 64 msec, SENSE factor = 2, flip angle = 80°, field
of view = 230 mm). Slices were oriented parallel to the
AC–PC axis of the observerʼs brain.
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The participant was in a supine position in the fMRI
scanner for about 1 hr and completed seven fMRI runs. A
wooden table was placed on the participantʼs legs. The participantʼs right hand was placed at the center of the table
on an object (brush for body massage). A fake hand
(mannequin) and the hand of another individual (another
volunteer who was standing next to the scanner) were
both placed next to the participantʼs hand. To keep the
participants naive about whose hand was placed on the
table, they were not introduced to the other person before
the experiment and it was not possible for them to see the
hand or the individual they were touching during the
experiment. To avoid systematic effects of the location
where the human and fake hand were placed, their position was pseudorandomized throughout the experiment
(i.e., on the right and left side of the participantʼs hand).
Before each individual fMRI run, the participant was informed about on which side of his or her own hand the
human and fake hands were placed. Behavioral performance accuracy of participants was monitored during the
experiment through a video camera placed in the MRI
room and proved that all the participants were accurate
in the performance of the task. The experimental setup
is depicted in Figure 1.
During the touch intention fMRI runs (duration: 194
functional volumes/run = 6.46 min/run), the participants
completed a series of touch and no touch trials. Trial
order was randomized. Each trial, either touch or no touch,
started with a visual cue consisting of two black and white
line outline drawings. The upper drawing indicated the
modality of the touch (i.e., how the touch had to be performed), whereas the lower drawing indicated the target
of the touch (what had to be touched). The modality
could be either the participantʼs own hand or an object
(brush for body massage). The target could either be the
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Experimental Procedure and Materials

human or the fake hand. Thus, four types of cues could
be distinguished: “hand/human hand,” “hand/fake hand,”
“object/human hand,” and “object/fake hand.” The experimental procedure of the touch intention runs is illustrated
in Figure 2.
The visual cues were presented for a duration of
1000 msec and were always followed by a red fixation
cross. After 3000 msec, the red fixation cross could become either blue (duration = 6000 msec) or black (variable
duration = 2000/4000/6000/8000 msec). When the red
fixation cross became blue (20% of the trials), the participants were required to perform a gentle massage of the
dorsum of the human hand or of the fake hand in the same
manner. These trials were defined as “touch trials” and
mainly served as catch trials in the experiment. According
to the cue, participants had to massage the human hand
with their own hand (14 trials), the human hand with
the object (14 trials), the fake hand with their own hand
(14 trials), or the fake hand with the object (14 trials).
When the blue fixation cross turned black, participants
had to bring their hand back to the original position on
the table. We chose to massage the dorsum of the hand
for two reasons: (1) to extend previous studies where we
showed that the mere social perception of the dorsum
of another individualʼs hand being touched activated
somatosensory cortices (Ebisch et al., 2008, 2011) and
(2) the dorsum of the hand has been related to clear social
functions, like affiliative social body contact, mainly based
on the presence of C-tactile afferents (Morrison et al.,
2010; Löken, Wessberg, Morrison, McGlone, & Olausson,
2009).
In case the red fixation cross became black (80% of
the trials), participants had to keep their hand on the
table and to wait for the next cue. These trials were defined
as “no touch trials.” Because the touch trials occurred randomly, participants could not know beforehand whether
they had to perform the cued touch and were required
to prepare the cued touch in all the trials (i.e., “touch trials”
as well as “no touch trials”). The “no touch trials” were of
principal interest for data analysis, because they reflected
the intention to touch, without the presence of any overt
movements of the participant. Thus, the touch intention
could be “hand/human hand” (56 trials), “object/human
hand” (56 trials), “hand/fake hand” (56 trials), or “object/
fake hand” (56 trials).
In addition to these touch intention fMRI runs, all participants underwent a tactile localizer task always run
at the end of the fMRI session during which they were
touched (i.e., gentle massage) on their right hand in randomized order by the hand of the individual standing
next to the scanner (8 × 10 sec periods) or by the brush
for body massage (8 × 10 sec periods). Touch periods
were divided by an intertrial interval of 12 sec. Participants
were touched on the dorsum of their hand to match
the passive touch experience condition (i.e., being
touched on the dorsum of oneʼs own hand) with the active
touch conditions where the other individual passively

Figure 1. Picture of the experimental setup.
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correction, and removal of linear trends from voxel time
series. A 3-D motion correction was performed with
a rigid body transformation to match each functional
volume to the reference volume estimating three translation and three rotation parameters. Preprocessed functional volumes of a participant were coregistered with
the corresponding structural data set. As the 2-D functional and 3-D structural measurements were acquired
in the same session, the coregistration transformation
was determined using the slice position parameters of
the functional images and the position parameters of
the structural volume. Structural and functional volumes
were transformed into the Talairach space (Talairach &
Tournoux, 1988) using a piecewise affine and continuous
transformation. Functional volumes were resampled at a
voxel size of 3 × 3 × 3 mm and spatially smoothed with
a Gaussian kernel of 6 mm FWHM to account for intersubject variability.
The touch intention fMRI runs were modeled by means
of a two gamma hemodynamic response function using
predictors for the different no touch conditions (one
regressor including cue and red cross representing the
touch anticipation phase) and the different touch conditions (one regressor including cue and red cross representing the touch anticipation phase and one regressor
for the blue cross representing the touch performance
phase). The intertrial interval (black cross) was defined
as a baseline period (rest) and, hence, not modeled as
a separate predictor. The tactile localizer fMRI run was
also modeled by means of a two gamma hemodynamic
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experienced touch in the same way. The localizer task
was separated from the active touch conditions, allowing
the use of an independent data set for creating a tactile
localizer mask, thus providing an independent way to
select voxels responding to passive tactile stimulation.
Analyzing modulation of BOLD response in anticipation
of active touch condition in brain regions involved in
passive touch experiences was of theoretical interest for
the study, whereas the relationship between active and
passive touch was not to be investigated directly.
Before scanning, participants underwent a practicing
session outside the scanner to train them on the fMRI
task with the experimenter, thus avoiding interactions
with the individual who was going to stay next to the
scanner during the experiment. At debriefing, participants
were asked to rate the pleasantness of their experience
of actively touching the human hand or the fake hand
by means of their own hand or the object. This rating referred to the pleasantness of the active touch as required
by the experimental design during scanning. For this purpose, the pleasantness of the four different touch stimulations was rated on a visual analog scale.
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Figure 2. (A) Cue stimuli for
the experimental conditions.
(B) Time line of the
experimental paradigm
including touch as well as
no touch trials. During the
“cue” phase, one of the
cues depicted in (A) is
presented according to
a randomized order.

fMRI Data Preprocessing and Analysis
Raw data were analyzed with Brain Voyager QX 2.3 software (Brain Innovation, Maastricht, The Netherlands). Because of T1 saturation effects, the first five scans of each
run were discarded from the analysis. Preprocessing of
functional data included slice scan time correction, motion
4
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nal compared with the fake hand target, independent of
modality: [human hand > fake hand]. Regarding the
modality effect, we investigated whether there was a
difference in BOLD response between a touch performed
with oneʼs own hand and a touch performed with
an object, independent of target: [hand > object] or
[hand < object].
First, the contrasts described above were performed by
means of a whole-brain, voxel-wise approach. Second,
to focus on brain voxels that also responded to firstperson tactile experiences, these contrasts were performed within the mask obtained by the tactile localizer
task (touch experience vs. baseline).
To control for differences in BOLD response because of
differences in affective valence between the conditions,
ROI-based control analyses on BOLD responses to the
“no touch trials” were performed, taking into account
the affective valence of the touch. Individual beta values
were extracted from the ROIs showing a significant effect
regarding the above-described statistical contrasts (target
or interaction effects) between the experimental “no
touch” conditions. Beta values for each ROI were calculated from the average signal time course of the voxels
included in each ROI. ANCOVAs were performed on each
cluster with these beta values within the clusters as dependent variables and experimental condition as withinsubject factor to specifically investigate the effect of the
covariate avoiding double dipping for effects because of
the experimental conditions. The difference scores between the pleasantness ratings of the experimental conditions were set as covariate. Thus, for the contrast [hand/
human hand > hand/fake hand], the difference score was
calculated for the pleasantness ratings of the “hand/human
hand” and the “hand/fake hand” conditions. For the contrast [object/human hand > object/fake hand], the difference score was calculated for the pleasantness ratings
of the “object/human hand” and the “object/fake hand”
conditions.
An additional whole-brain analysis was performed on
the “touch trials.” It needs to be mentioned that this
analysis is rather exploratory, also because of the small
number of touch trials and variability in touch performance; touch trials primarily served as catch trials. In this
additional analysis, the same voxel-wise contrasts as reported for the “no touch” trails were performed on the
“touch trials,” specifically analyzing the phase when the
blue cross was present, that is, when participants were
actually performing the touch, excluding the preceding
cue and red cross phases that were modeled as a separate
regressor.
Finally, whole-brain, voxel-wise conjunction analyses
were performed to preliminarily test whether the brain regions involved in the anticipation of active interpersonal
touch also responded differently to actual touch performance. A random effect analysis of the conjunction
between two contrasts was based on the minimum statistic compared with the conjunction null (Nichols, Brett,
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response function. In this case, the different types of
touch were defined as separate predictors and the intertrial interval served as a baseline.
Before statistical analysis, a percent signal change
normalization of the time series from the different runs
was performed. The parameters (beta values) estimated
in individual subject analysis were entered in a secondlevel voxel-wise random effect group analysis to search
for activated areas that were consistent for the whole
group of participants. The p value (<.001 uncorrected)
of the statistical maps and an estimate of the spatial correlation of voxels were used as input in a Monte Carlo
simulation (1000 simulations) to access the overall significance level and to determine a cluster size threshold (k) to
obtain a significance level that was cluster level-corrected
for multiple comparisons (Forman et al., 1995). The coordinates of the voxel clusters showing statistically significant
effects were compared with the Talairach atlas available
in Brain Voyager QX software to label them in terms of
anatomically defined regions and Brodmannʼs areas.
Statistical maps related to touch anticipation (cue and
red cross phase of the “no touch trials”) as well as touch
performance (blue cross phase of the “touch trials”) were
calculated by means of voxel-wise, whole-brain t tests (contrast: any condition vs. baseline; “hand/human hand” vs.
baseline or “hand/fake hand” vs. baseline or “object/human
hand” vs. baseline or “object/fake hand” vs. baseline).
To investigate whether there were statistically significant
modulations of BOLD response because of a different target (human hand vs. fake hand), voxel-wise statistical contrasts based on the t statistic were performed specifying
condition effects and interactions between conditions by
appropriately weighted linear contrasts on the “no touch
trials.” In particular, it was investigated whether there
were statistically significant target, modality, or Target ×
Modality interaction effects. Contrasts of principal interest
were the effect of target (is the anticipation of touching
a human hand different from touching a fake hand?) and
the Target × Modality interaction effect (is the anticipation of actively touching a human hand, compared with
a fake hand, by oneʼs own hand functionally distinct from
anticipating the active touch of a human hand with an
object?).
The Target × Modality interaction contrasts investigating whether the anticipation of touching a human
hand was associated with stronger neural activity, compared with the control condition (touching a fake hand),
were [(hand/human hand > hand/fake hand) − (object/
human hand > object/fake hand)] and [(object/human
hand > object/fake hand) − (hand/human hand > hand/
fake hand)]. Whereas the former contrast allowed to test
for differential BOLD response specifically when the touch
was performed with oneʼs own hand, the latter contrast
allowed to test for differential BOLD response specifically
when the touch was performed with an object.
With respect to the target effect, we investigated
whether the human hand elicited a greater BOLD sig-
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Andersson, Wager, & Poline, 2005). This method controls
the false positive error for conjunction inference and tests
for common activations by creating the intersection of
statistical maps thresholded at a specific alpha rate. Also
in this case, analysis of touch anticipation concerned the
“no touch trials” (i.e., one regressor including both the
cue and red cross phases), whereas the analysis of touch
performance focused on the touch performance phase
of the “touch trials” (i.e., regressor concerning the blue
cross phases). Two conjunction contrasts were performed:
(1) [“hand/human hand” vs. “hand/fake hand” no touch
trials] ∩ [“hand/human hand” vs. “hand/fake hand” touch
performance] and (2) [“object/human hand” vs. “object/
fake hand” no touch trials] ∩ [“object/human hand” vs.
“object/fake hand” touch performance].

The observed activation patterns concerning touch
anticipation and touch performance are largely consistent
with previous studies investigating similar phenomena
(e.g., Lederman & Klatzky, 2009; Carlsson et al., 2000).
The tactile localizer task, compared with baseline,
induced significant activation in left PostCG (SI; BA 3,
BA 1, BA 2), posterior parietal cortex (BA 5, BA 7), aIPL
(BA 40), dorsal precentral gyrus (BA 4), ventral precentral
gyrus (BA 6), mid cingulate cortex (BA 31), lOT (BA 37),
right anterior insula (BA 13, BA 45), and bilateral SII
(BA 40) and posterior insula (BA 13; p < .01 corrected;
t > 3.29; k > 10).
Anticipating an Active Touch of a Human versus
a Fake Hand: Whole-brain Approach

f

The interaction contrast [(hand/human hand > hand/
fake hand) − (object/human hand > object/fake hand)]
showed a significant effect in left PostCG (SI; BA 2), right
cerebellum, and left medial pFC (MPFC; p < .01 corrected; t > 3.73; k > 7). The interaction effect in right
cerebellum was driven by a stronger BOLD response in
anticipation of a “hand/human hand” touch, compared
with a “hand/fake hand” touch. The interaction effects in
left PostCG (SI; BA 2) and left MPFC (BA 10, BA 32) were
driven by stronger activity (i.e., weaker deactivation) in
anticipation of a “hand/human hand” touch, compared
with a “hand/fake hand” touch.
The contrast [(object/human hand > object/fake hand) −
(hand/human hand > hand/fake hand)] yielded significant clusters in left aIPL extending into postcentral sulcus
(PostCS; BA 40/BA 2), and in left lOT (BA 37; p < .01 corrected; t > 3.73; k > 5). The interaction effects in left
aIPL/PostCS and lOT were driven by stronger activity during
the “object/human hand” condition, compared with the
“object/fake hand” condition.
No significant positive effect was detected for the
human hand target, compared with the fake hand target, independent of modality. Significant effects for modality, independent of target, were found in left precentral
gyrus, left PostCG, left mid insula, right PostCG, bilateral PreCG, and left mid cingulate cortex, reflecting
stronger BOLD responses when anticipating a touch with
the object, compared with a touch with oneʼs own hand
( p < .01 corrected; t > 3.73; k > 7), and in left occipital cortex reflecting stronger BOLD responses when
anticipating a touch with oneʼs own hand, compared with
a touch with the object ( p < .01 corrected; t > 3.73;
k > 7).
Group statistical maps with voxel clusters showing a
significant interaction effect at the whole-brain level and
graphs representing average percent signal change within
these voxel clusters are depicted in yellow/green in Figure 3 for the intention to touch with oneʼs own hand
and in Figure 4 for the intention to touch with the
object. Further details about these clusters and statistical
information are reported in Table 1.
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Average pleasantness rating (minimum = 0, maximum =
10) and standard deviation was for the “hand/human
hand” touch 6.19 ± 2.12, for the “hand/fake hand” touch
4.90 ± 1.87, for the “object/human hand” touch 5.44 ±
1.48, and for the “object/fake hand” touch 3.76 ± 2.19.
ANOVA showed a significant main effect of target, F(1,
14) = 8.271, p < .01. Average ratings suggest that touching a human hand was rated by participants as being
slightly more pleasant than touching a fake hand. There
neither was significant main effect of modality nor a significant Target × Modality interaction effect ( p > .05).
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fMRI Data Analysis: Experimental Conditions
versus Baseline
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Compared with baseline, significant activation was found
for the “no touch trials” (any condition vs. baseline) in
bilateral superior frontal gyrus (BA 6), SMA (BA 6), dorsal
ACC (BA 32), ventral precentral gyrus (BA 6), lateral
and medial posterior parietal cortex (BA 7, BA 19), supramarginal gyrus (BA 40), superior frontal gyrus (BA 10),
anterior insula (BA 13), nucleus caudatus, thalamus, occipital cortex (BA 17, BA 18, BA 19), fusiform gyrus (BA 37),
right cerebellum, and left hemisphere postcentral gyrus
(PostCG; SI), aIPL (BA 40), medial parietal cortex (BA 5;
p < .01 corrected; t > 4.07; k > 10).2
Compared with baseline, significant activation was
found for the touch performance phase (blue cross) of
the “touch trials” (any condition vs. baseline) in bilateral dorsal precentral gyrus (BA 4), superior frontal gyrus
(BA 6), SMA (BA 6), posterior parietal cortex (BA 5, BA 7,
BA 39, BA 40), nucleus caudatus, putamen, parietal operculum/aIPL (BA 40), thalamus, anterior/mid/posterior
insula (BA 13), cerebellum, cingulate cortex (BA 24,
BA 31, BA 32), mid brain, left PostCG (BA 1, BA 2, BA 3),
and right ventral precentral gyrus (BA 6) and lOT (BA 19,
BA 37; p < .01 corrected; t > 4.07; k > 10).
6
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ROI-based covariance analysis failed to detect a significant effect of pleasantness ratings as covariate in these
ROIs showing an interaction effect ( p > .1 corrected for
multiple comparisons, that is, for the number of ROIs
included in the analysis), even using an uncorrected
threshold of p < .1. Thus, although the different types
of intended touch required by the experimental paradigm
slightly differed regarding their pleasantness as experienced by the individual participants, the distinct activation
patterns could not be explained by the pleasantness of
the touch the participants intended to perform.

action effect for the contrast [(hand/human hand > hand/
fake hand) − (object/human hand > object/fake hand)]
inleft PostCG (SI; BA 2) concerned voxels that also responded to passive tactile experiences ( p < .01 corrected;
t > 3.73; k > 5). Right cerebellum and left MPFC did not
respond to passive touch experiences.
The contrast [(object/ human hand > object/fake
hand) − (hand/human hand > hand/fake hand)] yielded
significant clusters in left aIPL extending into PostCS
(BA 40/BA 2) and in left lOT (BA 37; p < .01 corrected;
t > 3.73; k > 5) indicating that these regions also
responded to passive tactile experiences.
No significant positive effect was detected for the
human hand target, compared with the fake hand target,
independent of modality. A significant effect for modality,
independent of target, was found in left precentral
gyrus, left PostCG, left mid insula, reflecting stronger
BOLD responses when anticipating a touch with the

Anticipating an Active Touch of a Human versus
a Fake Hand: Brain Regions Responding to
Tactile Stimulation
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Voxel-wise contrasts regarding the “no touch trials” within
the tactile localizer mask showed that the significant inter-

Figure 3. Group statistical maps of voxel clusters (yellow = inside tactile localizer mask; green = outside tactile localizer mask) showing a
significant modulation in BOLD response because of the different touch target (human hand > fake hand), when intending to touch with
oneʼs own hand ( p < .01, corrected). The tactile localizer mask is depicted in blue. Graphs represent average percent signal change, compared
with baseline, in the voxel clusters and standard errors for the different no touch conditions. Abbreviations: H-HH = hand/human hand;
H-FH = hand/fake hand; O-HH = object/human hand; O-FH = object/fake hand.
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Figure 4. Group statistical
maps of voxel clusters
(yellow = inside tactile localizer
mask; green = outside tactile
localizer mask) showing a
significant modulation in
BOLD response because of
the different touch target
(human hand > fake hand),
when intending to touch with
the object ( p < .01, corrected).
The tactile localizer mask
is depicted in blue. Graphs
represent average percent
signal change, compared with
baseline, in the voxel clusters
and standard errors for the
different no touch conditions.
Abbreviations: H-HH = hand/
human hand; H-FH = hand/fake
hand; O-HH = object/human
hand; O-FH = object/fake hand.

object, compared with a touch with oneʼs own hand
( p < .01 corrected; t > 3.73; k > 5). The opposite
modality contrast [hand > object] did not yield significant results within the tactile localizer mask.
Group statistical maps with voxel clusters showing a
significant interaction effect inside the tactile localizer
mask and graphs representing average percent signal
change within these voxel clusters for the different conditions are depicted in yellow in Figure 3 for the intention to touch with oneʼs own hand and in Figure 4 for the
intention to touch with the object. Further details about
these clusters and statistical information are reported in
Table 1.
ROI-based covariance analysis failed to detect a significant effect of pleasantness ratings as covariate in these
ROIs showing a significant interaction effect ( p > .1 corrected for multiple comparisons, i.e., for the number of
ROIs included in the analysis), even using an uncorrected
8
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threshold of p < .1. Hence, the detected differences in
brain activity inside the tactile localizer mask seem to
reflect sensorimotor processes rather than the affective
aspect of active interpersonal touch.
Touch Performance
An exploratory analysis concerning the touch trials based
on whole-brain, voxel-wise contrasts showed a significant
interaction effect for the contrast [(hand/human hand >
hand/fake hand) − (object/human hand > object/fake
hand)] in left MPFC, left precuneus, right putamen,
right medial-temporal cortex, and right lOT ( p < .01
corrected; t > 4.07; k > 7), reflecting stronger activity
during the “hand/human hand” condition, compared with
the “hand/fake hand” condition.
For the interaction contrast [(object/human hand >
object/fake hand) − (hand/human hand > hand/fake
Volume X, Number Y

hand)], a significant effect was found in left PostCG
and right posterior parietal cortex ( p < .01 corrected;
t > 4.07; k > 7), reflecting stronger activity during the
“object/ human hand” condition, compared with the
“object/fake hand” condition.
A significant positive effect was detected for the human
hand target, compared with the fake hand target, in MPFC,
precuneus, and right posterior STS ( p < .01 corrected;
t > 4.07; k > 7) reflecting increased activity for the human
hand target, compared with the fake hand target, independent of modality. A significant effect of modality was
found in bilateral precentral gyrus, bilateral PostCG, bilateral SMA, bilateral posterior parietal cortex, bilateral SII,
bilateral posterior insula, bilateral precuneus, left MPFC,
right putamen, right posterior STS, bilateral cerebellum
( p < .01 corrected; t > 4.07; k > 7), reflecting increased

activity when touching with oneʼs own hand, compared
with an object, independent of the target.

Conjunction Analysis: Touch Anticipation and
Touch Performance

f

Conjunction analysis showed that left MPFC was characterized by stronger activity during both the anticipation
(i.e., weaker deactivation, compared with baseline) and
the performance (i.e., stronger activation, compared
with baseline) of the “hand/human hand” touch, compared
with the “hand/fake hand” touch ( p < .01 corrected, cluster size: 432 voxels, Talairach coordinates: −7, 46, 21). By
contrast, left PostCG (SI) showed stronger activity (i.e.,
weaker deactivation, compared with baseline) anticipating

Brodmannʼs Area

Peak Coordinates

Cluster Size

t

p

5.332

< .0001

Pr

Brain Region

oo

Table 1. Brain Regions Showing a Modulation of BOLD Response by the Different Experimental Conditions and Statistical
Information for the Direct Contrasts between the Touch Intention Conditions

Inside Tactile Mask

Interaction contrast (corresponding to Figure 3, yellow): [(hand/human hand > hand/fake hand) −
(object/human hand > object/fake hand)]
−31, −41, 57

ed

LH PostCG (SI)

2

324

ct

Interaction contrast (corresponding to Figure 4, yellow): [(object/human hand > object/fake hand) −
(hand/human hand > hand/fake hand)]
40

−43, −32, 33

567

4.607

< .0005

LH lOT

6

−49, −65, 3

243

4.926

< .0001

−58, −5, 30

1269

7.098

< .00001

−37, −35, 42

1242

5.094

< .0001

−46, −8, 15

1863

6.322

< .00001

re

LH aIPL

LH PreCG

6

LH PostCG/aIPL

2/40

Outside Tactile Mask
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Target effect [human hand > fake hand] − Modality effect: [object > hand]

Interaction contrast (corresponding to Figure 3, yellow/green): [(hand/human hand > hand/fake hand) −
(object/human hand > object/fake hand)]
RH Cerebellum
LH MPFC

–
10/32

17, −56, −18

243

4.157

< .001

−7, 40, 3

162

3.921

< .001

Interaction contrast: [(object/human hand > object/fake hand) − (hand/human hand > hand/fake hand)] −
Target effect [human hand > fake hand] − Modality effect: [hand > object]
18

−10, −92, −12

8343

9.036

< .00001

RH PreCG

4

32, −26, 60

6075

8.471

< .00001

RH PostCG

2

41, −29, 42

–

7.844

< .00001

LH PreCG

4

−37, −26, 51

13698

6.398

< .00005

31

−10, −14, 45

351

5.746

< .00005

LH OCC
Modality effect: [object > hand]

LH MCC

LH = left hemisphere; RH = right hemisphere; PreCG = precentral gyrus; MFG = middle frontal gyrus; PPC = posterior parietal cortex;
OCC = occipital cortex; MCC = mid cingulate gyrus; mIC = mid insular cortex. Peak coordinates refer to Talairach space.

Ebisch et al.

9

re

ct

ed

Pr

oo

f

Figure 5. Group statistical
maps of voxel clusters showing
a significant modulation in
BOLD response by target
(human hand or fake hand)
both during the anticipation
and the performance of the
touch when performed with
oneʼs own hand ( p < .01,
corrected). Graphs represent
average percent signal change,
compared with baseline,
in the voxel clusters and
standard errors. Abbreviations:
H-HH = hand/human hand;
H-FH = hand/fake hand.
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a “hand/human hand” touch, compared with a “hand/fake
hand” touch, whereas neural activity was stronger (i.e.,
stronger activation, compared with baseline) during the
subsequent performance of a “hand/fake hand” touch,
compared with a “hand/human hand” touch ( p < .01 corrected, cluster size: 2457 voxels, Talairach coordinates:
−40, −41, 57). Concerning the touch by an object, conjunction analysis did not detect voxel clusters characterized by a significant modulation by target during both
touch anticipation and performance. Group statistical
maps with voxel clusters showing a significant conjunction
effect and graphs representing average percent signal
change within these voxel clusters for the anticipation
of touch (i.e., “no touch trials”) and the performance of
touch (i.e., touch phase of the “touch trials”) are depicted
in Figure 5.

DISCUSSION
This study aimed at investigating the anticipatory neural
representations of active interpersonal touch. It was
hypothesized that the intention to touch another individual (i.e., animate target, human hand) would be
accompanied by differential neural activity in somatosensory cortices when compared with the control condi10
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tion, that is, the intention to touch an inanimate target
(i.e., fake hand). Confirming this hypothesis, fMRI results
yielded stronger neural activity anticipating the touch of
a human hand, compared with the touch of a fake hand
in left PostCG (SI/BA 2), MPFC, aIPL, and lOT and right
cerebellum. A tactile localizer task showed that these
regions, except for left MPFC and right cerebellum, were
also endowed with somatosensory properties underlying
the first-person experience of touch.
No action performance (i.e., touching) was required
in the conditions included in the statistical analysis of
anticipatory processes and no overt hand movements were
observed. Therefore, these results cannot be attributed to
action performance or differences in tactile experiences
between touching a human hand or a fake hand per se.
The only difference between the conditions was the intention to eventually touch either an animate or an inanimate
target controlling for nonsocial anticipatory sensorimotor
processes by using a fake hand as inanimate target. Analysis of touch performance did not show significant target
or Target × Modality effects in (pre)motor cortices, further suggesting that the anticipated touch conditions were
comparable in motor performance. Finally, the participants
were kept unaware of the identity of the individual they
had to touch to control for possible confounds because
Volume X, Number Y

and predicted to receive before actually being touched.
The present results add that actively touching an animate
or an inanimate target is anticipated by differential activation patterns in bilateral SI/BA 2. Given the somatosensory
and social functions of SI/BA 2 in combination with its
connections with cortical motor circuits (Keysers et al.,
2010), these findings may open a new window into the investigation of their contribution to social motor behavior.
Except for SI, increased anticipatory BOLD response
was found for active skin-to-skin contact in right cerebellum. Not coincidentally, the cerebellum is a crucial brain
structure underlying sensory prediction and the encoding
of prediction errors (Roth, Synofzik, & Lindner, 2013;
Schlerf, Ivry, & Diedrichsen, 2012; Blakemore & Sirigu,
2003; Wolpert, Miall, & Kawato, 1998). It has been generally suggested that the cerebellum is needed to optimize
action performance and perception by recalibrating predictions of the sensory consequences of actions (Bastian,
2006; Wolpert et al., 1998). In particular, cerebellum could
be involved in altering the perception of the effect of
oneʼs action by providing predictions about the sensory
consequences of motor commands (Hughes et al., 2013;
Blakemore, Frith, & Wolpert, 2000; Wolpert et al., 1998).
The effects reported here in both SI and cerebellum
are in line with previous evidence suggesting that sensory prediction in the cerebellum might modulate activity
in somatosensory cortices when tactile stimuli are selfgenerated (Blakemore et al., 1999).
What could this sensory prediction entail? A relevant
finding is that the absence of a deactivation in BA 2/SI
and the presence of a positive anticipatory response in
cerebellum were observed specifically when the participants prepared to touch the human hand directly with
their own hand, that is, when the cue implied an eventual
bodily contact with the target. According to previous
reports on cerebellar function and sensory prediction, it
has been proposed that the comparison of the predicted
signals with actual sensory feedback facilitates the distinction between the sensory consequences of oneʼs own
movements and externally produced sensory signals, thus
augmenting sensitivity to external sensory cues during
active touch (Bays et al., 2006; Blakemore et al., 1999).
It could be speculated that actively touching someone
elseʼs hand with oneʼs own hand is linked with a greater
sensitivity to errors or to externally produced sensory
cues. Preliminary results obtained by conjunction analysis
indicating increased activation in left SI/BA 2 during the
actual performance of the “hand/fake hand” touch, compared with the “hand/human hand” touch, seems to support this hypothesis. Stronger anticipatory activity (i.e.,
weaker deactivation) for the “hand/human hand” touch
may be followed by attenuated somatosensory activity
during actual performance which in turn is associated
with a greater tactile discrimination capacity (Hughes
et al., 2013; Bays et al., 2006; Blakemore et al., 1999). An
intriguing issue for future studies would be to investigate
whether the mere intention to perform an interpersonal
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of interpersonal relationships, whereas covariance analysis showed that the observed effects were independent
from the affective valence of the touch as experienced
by the participants. Thus, the differential modulation of
activation induced by the no touch conditions is proposed to reflect sensorimotor processes specifically distinguishing between the anticipation of active animate or
inanimate touch.
Importantly, interpersonal touch was studied in two
modalities. Participants were cued to touch another individualʼs hand by means of their own hand or by using
an object. As expected, a significant Target × Modality
interaction effect in the brain regions described above
showed that these conditions, compared with the conditions in which participants were cued to touch a fake
hand, induced differential activation patterns. Below,
we will further elaborate on this.

U
nc

or

ed

re

ct

Differential neural activity in anticipation of skin-to-skin
contact, that is, the touch of a human hand, compared
with a fake hand, was detected in SI/BA 2. This finding
extends previous work by showing that SI also may participate in active touch by specific anticipatory processes
depending on the target of the touch. In particular, a
more detailed examination of the fMRI results reveals
that the active touch of a fake hand with oneʼs own hand
is anticipated by a stronger deactivation in SI, that is,
a suppression of the BOLD signal, compared with baseline (Schäfer et al., 2012; Devor, Tian, Nishimura, Teng,
& Hillman, 2007; Hlushchuk & Hari, 2006; Shmuel,
Augath, Oeltermann, & Logothetis, 2006). Such a deactivation was absent in anticipation of the active touch
of a human hand. We propose that such an anticipation could be based on sensory prediction mechanisms
guiding behavior.
Sensory prediction or anticipation has a crucial role
in motor control (Shadmehr, Smith, & Krakauer, 2010;
Wolpert & Flanagan, 2001). According to forward models,
an efference copy of the motor command is used to
predict the sensory consequence of an action (Bays,
Flanagan, & Wolpert, 2006; Blakemore, Wolpert, & Frith,
1999). Such prediction may lead to sensory attenuation
or amplification in terms both of their phenomenology
and of their cortical response (Hughes, Desantis, &
Waszak, 2013; Jackson et al., 2011; Voss et al., 2008;
Blakemore, Wolpert, & Frith, 1998; Chapman, 1994).
No studies directly compared the anticipatory processes
related to the active touch of an animate and inanimate
target. However, in the case of passively experienced
touch, social factors have been demonstrated to modulate
somatosensory responses as well as tactile perception
(Gordon et al., 2013; Gazzola et al., 2012). Furthermore,
Gazzola et al. (2012) showed by means of multivariate
cluster analysis that neural activity in SI already differentiated between the type of touch the participants thought
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area PF (Caspers et al., 2006), with similar motor (Binkofski
et al., 1999), somatosensory (Ruben et al., 2001), and social functions (Caspers, Zilles, Laird, & Eickhoff, 2010;
Gazzola & Keysers, 2009; Buccino et al., 2001) as well
as connectivity patterns ( Wang et al., 2012). Studies in
macaque monkeys show that area PF contains neurons
with somatosensory and proprioceptive responses that
also discharge in association with movements, especially
goal-directed motor acts (Gallese et al., 2002; Hyvärinen,
1982). In particular, area PFG represents motor acts related to the hand and also responds to tactile input from
the same hand and to proprioceptive input induced by
arm flexion (Rozzi, Ferrari, Bonini, Rizzolatti, & Fogassi,
2008). Consistent with these sensorimotor properties,
PFG is connected with the hand representation of SII-PV
complex, and with ventral (F5 and F4) and dorsal (F2)
premotor areas (Rozzi et al., 2006; Petrides & Pandya,
1984). Additionally, based on the detection of mirror
neurons in area PFG (Fogassi et al., 2005; Gallese et al.,
2002), PFG has been proposed to play a role in othersʼ
intention understanding (Bonini et al., 2010; Rizzolatti &
Sinigaglia, 2010). Most relevant to our study, showing
aIPL involvement in anticipation of an action with a specific goal, is that PFG neurons have been shown to reflect
the final goal of a performed action from the early phase
of action unfolding (Bonini et al., 2011).
In addition to the mirror properties related to action
performance and observation in aIPL, some studies suggested a more general role of aIPL in social perception,
also including the mapping of othersʼ tactile experiences
onto oneʼs own sensory representations. For example,
in a previous study, we found that aIPL not only activates
in response to tactile input, but also for the mere observation of another individual being touched (Ebisch
et al., 2008). Furthermore, Morrison et al. (2012) postulated that aIPL, together with PostCG, may subserve the
anticipation of the sensory consequences of observed
hand–object interactions through the integration of action
information and external information about the object.
Here, we extend these findings by showing that aIPL
and PostCS also activate in anticipation of active interpersonal touch without the need for any sensory input.
Like in the case of social perception, this possibly incorporates the predicted sensory experiences of the person
who is going to be touched by mapping them onto the
somatosensory representation of our own tactile experiences (Keysers et al., 2010). A similar principle could apply
to lOT, a multisensory region responding both to tactile
stimulation (Hagen et al., 2002) and to the sight of touch
(Ebisch et al., 2008). This is consistent with the proposal
that multimodal circuits in the brain driving oneʼs actions
and sensations can ground an experience-based perception and generate expectations of othersʼ sensations during
social interaction based on embodied simulation (Morrison
et al., 2012; Gallese & Sinigaglia, 2011; Sebanz et al.,
2006; Wilson & Knoblich, 2005; Gallese, 2003; Gallese &
Goldman, 1998).
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touch is sufficient to modulate perceptual sensitivity and
how this may regulate motor control. In addition, further experiments will need to extricate the relevance of
sensory feedback when comparing the active touch of
animate and inanimate targets.
Additional stronger activity during the anticipation of
skin-to-skin contact was found in left MPFC. Like in SI/
BA 2, a more detailed examination of the fMRI results
discloses that the active touch of a fake hand with oneʼs
own hand is anticipated by a stronger deactivation in
MPFC, that is, a suppression of the BOLD signal, compared with baseline. Conjunction analysis further yielded
a significant modulation of BOLD response during both
the anticipation and the subsequent performance of
a hand touch in left MPFC: Whereas MPFC showed a
stronger deactivation (negative BOLD modulation) in
anticipation of a “hand/fake hand” touch, compared with
the anticipation of a “hand/human hand” touch, MPFC
showed enhanced BOLD response to the performance
of a “hand/human hand” touch, compared with a “hand/
fake hand touch.” MPFC has been associated with cognitive aspects of social cognition, like mentalizing (Amodio
& Frith, 2006; Gilbert et al., 2006), suggesting that during
active skin-to-skin contact processes related to social reasoning also come into play, consistent with previous studies on social interaction (Schippers, Roebroeck, Renken,
Nanetti, & Keysers, 2010; Gilbert et al., 2007). We propose
that the stronger deactivation in MPFC for the “hand/fake
hand” no touch condition could reflect an anticipatory
suppression of social reasoning processes that would be
relatively irrelevant during the subsequent touch of the
fake hand.
Active Interpersonal Touch Mediated by an Object

U
nc

By contrast, in anticipation of an active interpersonal touch
mediated by an object (“object/human hand” condition,
compared with the “object/fake hand” control condition),
a different set of brain regions was activated. There are
some principal differences with the “hand/human hand”
condition. The “object/human hand” condition required
the use of an object not allowing to perceive distinct tactile
properties of either the human or the fake hand when
touch performance was required. Whereas the “object/fake
hand” condition controlled for sensorimotor processes
related to object manipulation, the absence of direct bodily
contact with the target allowed to control for confounds
because of differences in the predicted sensations associated with the animate and inanimate target. Thus,
we propose that increased anticipatory activation in left
aIPL/PostCS and lOT for the active touch of a human
hand with an object is associated with the intention to
induce tactile sensations in another individual.
The aIPL activation cluster is likely located in area PF
(Caspers et al., 2008). Cytoarchitectonic, functional, and
anatomical studies suggest that the rostral aspect of aIPL
represents the putative human homologue of monkey
12
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This study sheds new light on the neural bases of anticipatory processes of active interpersonal touch. Some
additional issues need to be mentioned. Some caution
may be required for the interpretation of the observed
deactivations in SI/BA 2 and MPFC anticipating active
touch, because relatively short intertrial intervals were
used due to the rapid event-related fMRI paradigm and
the experiment did not include long-lasting rest conditions
in which no stimuli were applied.
Moreover, whereas we controlled for possible confounds because of interpersonal relationships or socioemotional valence, we should add that, in everyday life,
in addition to the sensorimotor component, interpersonal
touch is inherently associated with an affective component, too (Gallace & Spence, 2010; Morrison et al., 2010).
Motivational factors, like desire and aversion, probably
will play a crucial role in the anticipation of interpersonal
touch. Future work also will need to address the anticipatory processes representing the affective components
of interpersonal touch and how these interact with sensorimotor predictions for the regulation of social behavior.
In conclusion, different from previous work on the contribution of the sensorimotor system to social cognition,
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perspective, the present findings provide new insights
on the contribution of somatosensation, sensory prediction, and simulation mechanisms to social behavior in
direct bodily interactions requiring to alternate between
third- and second-person perspectives (see Gallese,
in press; Gallese & Ebisch, 2013). Moreover, we suggest
that direct and indirect bodily tactile contact with conspecifics is approached with a different emphasis on
personal perception and external goals, respectively.
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