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Small everyday gestures such as a tap on the shoulder can affect the way humans
feel and act. Touch can have a calming effect and alter the way stress is handled,
thereby promoting mental and physical health. Due to current technical advances and
the growing role of intelligent robots in households and healthcare, recent research
also addressed the potential of robotic touch for stress reduction. In addition, touch by
non-human agents such as animals or inanimate objects may have a calming effect.
This conceptual article will review a selection of the most relevant studies reporting
the physiological, hormonal, neural, and subjective effects of touch on stress, arousal,
and negative affect. Robotic systems capable of non-social touch will be assessed
together with control strategies and sensor technologies. Parallels and differences of
human-to-human touch and human-to-non-human touch will be discussed. We propose
that, under appropriate conditions, touch can act as (social) signal for safety, even when
the interaction partner is an animal or a machine. We will also outline potential directions
for future research and clinical relevance. Thereby, this review can provide a foundation
for further investigations into the beneficial contribution of touch by different agents to
regulate negative affect and arousal in humans.

Keywords: safety signal, stress axis, cortisol, oxytocin, amygdala, C-tactile, HRI (human robot interaction), heart
rate variability

INTRODUCTION

The tactile sense is one of the first that a human develops. A newborn child has the first contact
with its environment, such as its clothes or its cradle. In particular, touch by the parents has
been proposed to be important for development, e.g., feeling their touches on its skin, but also by
feeling tactile input when it actively moves toward them, with an important impact on the child’s
development (1, 2).

Even in adulthood, being touched and touching others is a central element of social interaction
and social relationships (3). It has been suggested that social touch is one mechanism for beneficial
health effects of social relationships. The effects of positive social interaction, in general, show effect
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sizes equaling or exceeding those of well-established behavioral
factors, such as smoking cessation or sports (4); some of them
might be due to touch or intimacy. Touch has also been
ascribed as important functions during bonding [e.g., (5)],
communication (6-8), and reward [e.g., (9, 10)].

It has often been proposed that social touch can buffer stress
and has calming effects [e.g., see overviews by Burleson and Davis
(11) and Morrison (12)], but the underlying preconditions and
mechanisms of this positive effect are not sufficiently investigated
yet. Several studies show a reduction of psychobiological fear or
stress responses in neuro-physiological and endocrine outcomes
after touch [e.g., (13-15)]. Here we would like to put forward
the possible mechanism that touch acts as a social signal for
safety, which communicates to the receiver that “things are ok,
and thereby inhibits fear and stress responses. The assumed
neural processes in terms of responses to touch signals and
their mediation of attenuated fear and stress responses will be
outlined below.

Of course, touch can also occur as an act of aggression or
in order to threaten an interaction partner. In these negative
interaction situations, both the expectations and the physical
properties are different (6, 7, 16), with violence as an extreme
form of touch and physical pain as a potential consequence.
There is surprisingly little research on the stress-inducing effects
of touch. For example, during a physical examination, the
medical doctor’s announcement of pain may induce stronger pain
than the touch itself; this is mostly investigated in the context
of placebo- and nocebo-research (17). However, in order to
determine the potential beneficial effects of touch by agents other
than humans, it is crucial to also evaluate whether and when it
can be experienced as negative.

The increased use of intelligent robots as service machines,
especially in the medical context, makes human-robot
interactions more and more frequent in daily routine as
well as in healthcare. This raises the question of whether
the beneficial effects of touch depend on the social source of
the tactile stimulation or whether they can also be elicited
by mechanical or robotic devices. This question is also
generally important in medical situations since most humans
experience illness, physical examinations, and surgery as
threatening. Therefore, robots interacting with humans in a
way that supports mental and physical well-being have the
potential for directly supporting individuals at risk and also the
healthcare system in general. With the current demographic
development, more and more people, including the elderly,
also live alone. At the same time, when deprived of social
touch, e.g., lonely persons or patients in self-isolation or
quarantine, humans show higher levels of stress and more
symptoms of mood, and anxiety disorders (18). This poses
the question of whether an absence of human touch can
be (partly) compensated for by an animal companion or a
machine. In many of the studies on gentle touch perception,
the stimulation is performed by a machine and is evaluated
as similarly pleasant by healthy participants than when
performed with the hand (19). This suggests that touch
by actors other than humans can give rise to comparable
hedonic experiences.

The goal of this conceptual review is to give an overview of
experimental research on the calming effects of touch, taking
into account different interaction partners. In the following
discussion, the evidence for stress-reducing effects of touch by
humans, animals, and even robotic machines that might be of
relevance for clinical contexts will be summarized. Supporting
the view of at least partly comparable effects, we propose joint
underlying neurobiological mechanisms. These will be outlined
in the following section.

Neural Mechanisms Underlying the
Calming Effects of Touch

In the following paragraph, we will describe two possible neural
circuitries which might mediate touch acting as safety signal:
inhibition of the amygdalar fear response via the posterior insula
and activation of the reward system for facilitating approach
behavior. In the latter, stress dampening effects are assumed
to be less dominant. Both the bottom-up processing of the
tactile experience and the top-down regulation of the fear/stress
response are displayed in Figure 1.

Regulation of Fear and Stress Responses

The state of literature on fear inhibition describes a down-
regulation of amygdala activity through the input of the
prefrontal cortex (PFC) and the insula. Evidence suggests that,
in particular, the pathway via the insula is also involved in the
stress-reducing effects of touch.

The amygdala is widely known as the neural center of fear,
although being involved in various other functions (20, 21).
Mostly animal literature, but also human studies, shows that
the amygdala is not a homologous structure but is composed
of subnuclei with different functions. The lateral amygdala, the
primary sensory input site, and the basal amygdala (together
BLA) are involved in fear learning, while its central nucleus
(CeA) is involved in the expression of fear (22). The expression
of fear results in the activation of two stress axes (see “Section
Neuroendocrine mediators and stress response” below) for a
flight or fight response, which is measurable in endocrine or
psychophysiological outcomes.

The amygdalar neurons within the subnuclei are under the
inhibitory control of local GABAergic interneurons (23) and
the medial intercalated neurons (24). Control from other brain
regions comes from the infralimbic ventromedial prefrontal
cortex (25) and the insula (26, 27). The inhibitory control of
the amygdala via the PFC and the insula, together with the
amygdala, is a network for top-down and bottom-up emotion
generation. Bottom-up processes describe the information flow
starting from the stimulation of specific receptors to subsequent
neural reactions. Top-down processes describe, e.g., modulating
influences from the PFC (associated with cognitive influences
such as appraisal or evaluation) on the perception and processing
of touch.

The posterior insula, termed sensory insula, exhibits
convergent responses to simultaneous multisensory stimulation
(28) and has afferent intracortical and thalamocortical as well as
efferent amygdala connections (26, 29). The insula is therefore
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FIGURE 1 | Mechanisms of touch potentially acting as safety signal: In a dangerous environment, the amygdala is activated in order to allow for rapid reactions via the
stress axes (e.g., fight or flight response). Tactile perception from different social and non-social contexts is processed in the insular cortex, which has a regulating
influence on the amygdala and can therefore dampen the stress response. A calming or relaxing effect of touch might therefore be based on signaling safety (absence
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well-suited to modulate amygdala activation based on both top-
down and bottom-up input. Such input could be triggered from
a particular “all-clear” signal or, in other words, a safety signal.

Neural Processing of Safety Signals

Few studies have investigated the neural response to—mostly
visual—safety signals and point to an involvement of both the
posterior insular cortex and the striatal reward system in the
processing of visual safety cues. Safety signals, in general, have
been first described by (30) as one form of internal inhibition of
conditioned reflexes, with a former neutral stimulus predicting
the non-occurrence of an aversive event after a learning process.
It can be assumed that social stimuli such as social touch can not
only be learned to predict safety but also to have the property
to “prepare for safety,” analogous to some stimulus types that
include preparedness for fear (31). Everyday life examples for
safety signals would be, e.g., a calm voice and also the face of the
romantic partner (32).

Based on the findings on inhibition of fear, Kong et al. (33)
have proposed a regulatory model stating that the posterior
sensory insula projects to BLA which orchestrates CeA and bed
nucleus of striatum terminals that subsequently mediate the
behavioral output in response to a safety signal. This is supported
by animal studies showing that a knock-out of the posterior
insula leads to deficient inhibition of fear (27, 34).

On the other hand, very early work by Dickinson and
Pearce (35) suggested a further mechanism by which safety
signals could act. These authors suggested that safety signals
inhibit the aversive system while at the same time disinhibiting
the appetitive system. Safety signals would thereby facilitate
approach behavior and act as reinforcers. These possible
rewarding effects of safety signals led Pollak et al. (36) to suggest
them as “behavioral antidepressants.” Other studies supporting
this idea showed that a safety signal increased the slope and the
amplitude of conditioned stimulus-evoked field potentials in the

caudatoputamen (37), reduced the activity in the amygdala, and
increased the activity in the striatum (38). The reward system
itself has regulatory influences on the stress axes [e.g., (39, 40)].
This raises the possibility that safety signals activate the reward
system which then downregulates amygdala activation. Thus,
touch as a safety signal might also execute its stress-inducing
effect via reward system activation.

Neural Processing of Tactile Information

Several human imaging studies revealed that touch activates a
broad neurocircuitry including the insula, orbitofrontal cortex,
and anterior cingulate cortex (41-43).

An especially “social” experience of touch has been described
as being conveyed by low-threshold unmyelinated peripheral
afferent fibers [C tactile (CT) fibers]. These fibers respond
preferentially to gentle, slow, caress-like stroking at skin
temperature (44), and their activation is generally perceived
as pleasant (45). CT afferents project to the posterior insula
(46, 47). For instance, Gordon et al. (48) showed that CT-
targeted affective touch to the arm activated the insula and
the mPFC/dorsal-anterior cingulate cortex (dACC). Lesions of
the insula in turn, impair the perception of affective touch
(49). Recently, the insula was shown to be also activated by
A-beta afferents (50). Thus, bottom-up input from different
mechanoreceptors reaching the insula has the potential to
dampen the stress response. Connectivity analyses with a
mPFC/dACC seed revealed co-activation with the left insula
and amygdala. These studies therefore suggest regulation of
the amygdala by touch acting as safety signal via mediation of
the insula.

In addition to bottom-up influences, top-town influences have
also been discussed, for example, expectations. This influence
can affect the valence of the touch perception from prefrontal
and limbic regions (51). It remains still to be determined how
bottom-up and top-down influences on touch processing interact
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to modulate the stress response. The involvement of the reward
system in this process also needs to be clarified. One region
coding for the reinforcing aspect of touch is the ventral striatum
(52). Our own work has shown a joint activation of the insula,
putamen, and caudate (53) during CT-targeted touch. This
involvement of the striatum may point to the second neural
mechanism of touch acting as safety stimuli via the reward
system. However, striatum activation is only found occasionally
in studies on pleasant touch, so more evidence is needed.

Taken together, inhibition of amygdala fear via the insula
is a highly plausible underlying mechanism of touch acting as
safety signal. Potentially, amygdala inhibition is furthermore
due to reward system projections. Since research on safety
signal processing is limited to visual signals so far, it has to be
investigated yet whether tactile safety signals act on the same
processes. On the other hand, opposite mechanisms may account
for the stress-inducing effects of touch in negative contexts
via increasing the amygdalar responses, yet this remains to be
investigated as well.

Neuroendocrine Mediators and Stress

Response

In addition to neuroanatomical connections, mediating
neuromodulators, and neurotransmitters such as oxytocin and
dopamine released in response to touch may be regulating the
above-mentioned limbic and reward areas (54-56). Especially
oxytocin has been shown to be released during intimate touch
(57-60), while dampening stress and fear (61, 62). Administered
exogenously, oxytocin increases the neural and subjective
response to touch (15, 56). Histological investigations show a
high density of oxytocin receptors in the human insula, striatum,
and amygdala (63), which constitutes an additional regulatory
mechanism of the neural circuitry mentioned above.

Stress Axes

The fear and stress response triggered by the amygdala reaches
the periphery by two main axes of stress hormones, the
hypothalamic-pituitary-adrenocortical (HPA) axis (64) and the
sympathetic-adrenomedullary (SAM) system [(65); see also
Figure 1]. HPA axis responses are mediated through a cascade
of hormones from the central nervous system (corticotrophin-
releasing factor), which then stimulate adrenocorticotropic
hormone and cortisol secretion in the periphery. As dynamic
negative feedback of the HPA axis, the increase of cortisol
will—via the activation of mineralocorticoid and glucocorticoid
receptors—reduce further activation and, in turn, initiate the
recovery from stress (66). Cortisol in saliva is one established
key marker for assessing stress levels (67). The SAM system, on
the other hand, facilitates a fast reaction to acute threat via the
adrenal medulla releasing catecholamines. The parasympathetic
component of the SAM influences, e.g., the heart rate (HR)
via the vagus nerve or salivary alpha-amylase as a product of
beta-adrenergic activity (68). The heart rate variability (HRV)
is an established marker for a healthy adaptation to stress (69)
that is regulated by the autonomic nervous system, both by its
parasympathetic branch that is known for the “fight or flight
response” and its parasympathetic branch.

Taken together, touch has the potential to exert a calming and
stress-dampening effect via these neurobiological mechanisms.
Indeed the findings from many studies suggest that such an
effect might be observed across a variety of different contexts due
to a joint phylogenetic basis. We assume that the evolutionary
circuitries underlying touch as a safety signal are activated
through all kinds of touch, yet context and personal factors can
moderate the effects. In order to systematically explore these
effects, we performed a literature search and will summarize the
findings in the consecutive sections for the different contexts.

METHODOLOGICAL OVERVIEW

With a focus on basic research, we chose to include studies in
healthy human adults published in English. We searched the
platforms Pubmed.gov, Web of Science, and Google Scholar
with the search terms “touch,” “massage,” “stress, “fear,
“cortisol,” “heart rate} “arousal” “blood pressure, “animal,’
“pet; “machine,” “physical contact,” “tactile] among others,
individually or in combination. Boolean operators were used
to search with multiple terms. Further papers were retrieved
from the reference lists of papers found this way. Given the
large number of results, we decided at this point to set up
further exclusion criteria and to only include studies that
fulfilled the following criteria: (1) outcomes were measured
in adult humans (not infants), (2) measures of stress, anxiety
(subjective and/or physiological), or negative affect were used,
and (3) the extent, type, and duration of tactile contact was
explicitly stated. This excluded studies, for example, where the
information was restricted to the statement that the participants
“interacted” with a (robot) animal without it being clear whether
this included touch. Both self-initiated touch situations (active
touch) and other-initiated touch situations (where the human
receives passive touch) are discussed. Based on these criteria,
the following sections “Human-Human Touch”, “Touch between
Human and Animal”, and “Touch between humans and artificial
object” will give a summary on the most relevant experimental
studies reporting physiological, hormonal, neural, and subjective
indicators of the positive role of touch in different contexts on
stress, arousal, and negative affect.

HUMAN-HUMAN TOUCH

When analyzing human-to-human touch, behaviors as listed
in Figure1 (ie., stroking, holding, pressure, massage) can be
interpreted. In addition, in 2018, Lee Masson and Op de Beeck
(70) published a socio-affective touch expression database, based
on video sequences, to be rated on the dimensions naturalness
and valence. This database can help in structuring human-
to-human touch experiences but has not systematically been
tested with regard to different relationship types. Being touched
by another human can yield substantially different responses
depending on the personal relationship. In a study investigating
touch between close friends, Kawamichi et al. (71) found that the
participants evaluated hand-holding with a close female friend as
more relaxing than holding a rubber hand and showed parallel
dampening effects on neural activation when processing aversive
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visual stimuli while in an fMRI scanner. In order to account for
the effects of personal relationships between the persons touching
and being touched, we will summarize studies separately for
different relationship forms (romantic, professional). Apart from
parent-infant touch (which is not in the scope of this review),
human touch studies focused mostly on touch between adult
romantic couples and on touch in a medical context, particularly
the effects of massage.

Touch Between Romantic Partners

Studies on touch between romantic partners suggest that affective
touch can reduce subjective and psychobiological stress levels
during standard stress in the laboratory (13, 72) and in
couples’ everyday life (73, 74). Couples who reported more
physical intimacy in everyday life had lower cortisol levels on a
momentary basis (73) and higher oxytocin levels in plasma at
baseline before a lab stress test (75). In another study, higher
levels of non-verbal affection in intimate relationships (parents,
partner) were associated with lower HR and blood pressure
levels (76). In a functional MRI study, Coan et al. (77) found
that hand-holding—the partner’s hand in particular—during the
anticipation of pain reduced unpleasantness and bodily arousal
as well as the neural threat response in N = 17 women.
In another study, pupil dilation during the Stroop test was
interpreted as an arousal marker, and study participants who
held hands with their partner showed accelerated habituation to
stress and less pupil reactivity (although this was not a tonic pupil
response) than those in the non-hand-holding condition (78).
Being stroked by the partner also decreased HR, and the decrease
was related to the quality of the relationship (14). Furthermore,
10-min hand-holding with the partner while watching a romantic
video reduced subsequent blood pressure during public speaking
(79). Overall, affective touch between partners can reduce stress
levels and psychobiological stress reactivity as measured with
different markers of arousal. Of note, however, is that, so far,
affective touch between romantic partners has not been related
to the duration of the relationship. During the beginning of a
romantic relationship, overall increased stress and arousal have
been found (80). Based on this, it might be assumed that touch
during the beginning of an erotic or intimate relationship would
rather increase arousal and psychobiological stress levels than
reduce stress.

Beyond this, touch not only serves as a calming agent but can
also communicate specific emotions (6) and thereby even serve to
communicate anxiety or aggression (45). So far, we are not aware
of systematic research on the effects of positive affective touch in
comparison to aggressive touch or physical violence in intimate
relationships. It could be assumed that touch might serve as an
intensifying factor of both bonding and affiliative behavior on the
one side and anxiety and stress on the other side, thereby acting
either as a safety or a threat signal.

Touch in Professional Relationships

Studies on non-romantic human touch have used both
highly controlled standardized touch movements and also
static holding/ hugging or complex massages [e.g., Thai
massages; (81)].

Using such a standardized design in an early study and with
a small sample size only, an experimenter touched the wrist of
N = 8 healthy subjects for 30s (82). This led to a decrease
in HR, indicating relaxation. Touching the wrist by the subject
him/herself with their other hand did not decrease HR. A similar
effect of 60-s wrist-holding by an experimenter also occurred
when the subjects (N = 20) were confronted with a cold pressor
stressor (83). HR was also reduced by 5 min of CT-touch (N = 29)
(10), as well as skin conductance response (N = 34) as a measure
for unspecific arousal (84).

In a within-subject design, von Mohr et al. (85) compared
different stroke frequencies and found that the partner’s slow
touch (in comparison to fast touch) reduced pain levels to
standard pain in the laboratory. This data was in line with earlier
results from the same group (however, not in couples) that slow
affective touch reduced feelings of social exclusion during the
Cyberball task (86). In a patient sample (N = 29 individuals
with coronary illness), different kinds of touch led also to
reduced HR and lower blood pressure (87). Taken together, these
studies indicate a regulatory influence of simple static touch on
autonomous nervous system activity.

Massage Studies

Classical Western or also traditional Eastern massage usually
involves large parts of the body and is combined with treatments
such as aroma oils or relaxing music. Therefore, the effects of
music, odors, and oils are often not clearly separable from the
effects of the touch itself. In addition, massage touches not only
the skin and stimulates the tactile system but also the deeper
tissue and muscles, which might also account for some of the
beneficial effects on well-being. As all these effects cannot be
disentangled from the sole effect of touch, we only refer to
few exemplary studies in the following discussion. The effects
of massage on stress relief become evident in patients with
various conditions.

A 7-min standardized hand massage by an unknown
experimenter led to a decrease in cortisol levels in 29 healthy
volunteers as compared to simply holding an object in their
hand while the experimenter was present (88). In a subgroup
of highly self-critical individuals, the hand massage additionally
decreased alpha-amylase levels. Likewise, receiving a 5-min hand
massage reduced subjective stress, anxiety, and fatigue in N
= 40 healthcare professionals (89). In palliative care patients,
salivary chromogranin A, as another biomarker for stress by SAM
activation, was reduced after a hand massage as well (90). When
waiting for ambulatory surgery, a 5-min hand massage reduced
anxiety in N = 45 patients as compared to controls without
a medical intervention pending (91). This finding indicates a
function of safety especially in the presence of acute threat.

A classical (whole body) massage for 30 min reduced cortisol
and subjective stress levels in 34 breast cancer patients (92).
Patients (N = 24) suffering from back pain receiving two 30-
min sessions of massage therapy reported experiencing less pain
and anxiety and showed higher serotonin and dopamine levels
than controls in a relaxation intervention (93). On the other
hand, actively giving a massage also shows stress-dampening
effects: elderly retired volunteers showed lower anxiety scores,
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salivary cortisol, and long-term catecholamine levels after giving
a standard massage to infants in a hospital (94).

Taken together, these studies indicate a potential positive effect
of not only being massaged but also of giving massages on
subjective stress and neuroendocrine response, yet these have to
be interpreted with caution due to the multifaceted uses of touch.

Pressure

An osteopathic technique called deep touch, using larger pressure
of 44 N toward the rear head muscles for 90 s, led to an increase in
HRV in N = 35 healthy participants (95). A deep hands-and-feet
massage with pressure of about 2.5N and a velocity of 1-5 cm/s
for 80 min in 63 volunteers, on the other hand, led to a decrease
in HRV and HR, together with a reduction in cortisol and
insulin levels (96). In a study with 15 min of light and moderate
pressure massage in N = 20 (97), the participants who received
the moderate pressure massage exhibited a parasympathetic
nervous system response characterized by an increase in high
frequency (HF), suggesting increased vagal efferent activity, and
a decrease in the low frequency/high frequency (LF/HF) ratio,
suggesting a shift from sympathetic to parasympathetic activity
that peaked during the first half of the massage period. On
the other hand, those who received the light pressure massage
exhibited a sympathetic nervous system response characterized
by decreased HF and increased LF/HF. Therefore, pressure also
seems to regulate the autonomous stress axes.

TOUCH BETWEEN HUMAN AND ANIMAL

Touch with an animal—trained or untrained—is an element
of animal-assisted therapy, a non-pharmacological intervention
aimed to improve human health in a wide range of conditions
and patients. This type of therapy has become more and more
popular for clinical conditions such as dementia, depression, and
post-traumatic stress disorder, among others. Whereas studies
appear to point at the beneficial effects of animal-assisted therapy
for many health outcomes, they often address parameters other
than stress reduction and, in part, suffer from methodological
problems [e.g., as reviewed in Charry-Sanchez et al. (98)]. In the
following discussion, we will focus on summarizing experimental
studies meeting more rigid criteria with regard to the variation of
the touch stimulus and the outcomes.

In the studies meeting our criteria, the animal of choice
was usually the dog. In one such early study, HR and blood
pressure were collected in 60 participants during different types
of interaction with a dog (tactile, verbal-tactile, conversation in
the presence and the absence of a dog, and rest) which each
lasted for 6 min (99). For the tactile condition, the participants
were instructed to fondle and pat the dog or let it sit on the
lap while refraining from talking to it. Blood pressure was lower
in the tactile and rest condition than during the verbal and
verbal-tactile condition. Blood pressure was also higher during
the conversation than during all other conditions. Thus, patting
the dog and resting appear to have had similar effects, with no
clear advantage of touch.

In a related study, 10 dog owners and 10 controls participated
(100). The dog owners sat in a chair and petted, stroked,

and talked to their dog for 3 min, whereas the controls just
sat there. Levels of cortisol and HR to measure activation
of the autonomic nervous system were assessed during the
interaction/sitting still and the subsequent 57 min. In addition,
insulin was measured to reflect vagal nerve tone and oxytocin
to investigate the interaction’s effect on stress and arousal. The
cortisol and the insulin levels decreased in both groups, whereas
HR only decreased in dog owners. At the same time, the dog
owners oxytocin levels increased shortly after the interaction.
Thus, the decreased HR in dog owners could have been due to
the touch itself or due to bonding with their dog. As cortisol also
decreased in the group sitting still without a dog, the study only
provides weak evidence for a specific beneficial effect of a dog on
the stress response.

Whereas, the majority of studies was performed with a dog
as touch target, there is also one study with a horse. HR and
subjective arousal were measured in 18 participants before,
during, and after stroking a horse for 90s (101). HR was
highest during the first 10s of stroking and decreased steadily
across the remaining time. Subjective arousal decreased as well,
and tiredness increased. However, as no control condition was
administered, it is not known whether the HR changes were
specific to the stroking. Therefore, evidence of stress-dampening
effects of touching an animal is not very strong in these studies
so far.

Comparing Animal Touch With Quiet
Reading

The role of the relationship with the dog was investigated in
a study using quiet reading as a control condition (102). Here
blood pressure, HR, and respirator rate were measured in 24
participants while they petted an unknown dog, a known dog, or
read quietly for 9 min in three sessions. Blood pressure decreased
more for petting the known dog than the unknown dog. Post hoc
comparisons were only performed for the two dog conditions,
but it appears as if the decrease in blood pressure was similar
for the known dog and reading and that blood pressure was
overall lowest for reading. Similarly, HR and respiratory rate
appear to have been lowest for reading compared to the other two
conditions where the values were rather similar. Thus, whereas
petting a known dog had positive effects on arousal, quiet reading
had the same calming effect.

In a similar study using an unknown dog only, blood pressure
and HR were compared in 20 subjects during 11 min of reading
and 18 min of petting a dog without any verbal interaction,
preceded by 5 min of greeting the dog (103). Blood pressure, but
not HR, was lower while petting the dog than while reading.
However, since the duration of the two conditions differed by
7 min plus a “greeting period” of 5min, it is not clear whether
the change in blood pressure was due to the tactile contact with
the dog or the passage of more time.

Reading aloud and quiet reading served as a control condition
to petting and talking to a dog for 10 min in a study with 92
students (104). Before and afterwards, blood pressure, mean
arterial pressure, HR, and state, and trait anxiety were measured.
Mean arterial pressure, blood pressure, and HR were lower when
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petting the dog than during all other activities. State anxiety
was lower for quiet reading and petting compared to the other
activities. Descriptively, all these measures were lowest for quiet
reading. Petting the dog had, again, no clear advantage regarding
stress reduction over quiet reading. However, this does not mean
that tactile interaction with a dog is ineffective, but that quiet
reading as a measure of stress reduction presumably has been
underestimated. It is not clear if the mechanisms underlying
these effects are similar. At least the bottom-up mechanisms
are different since different sensory receptors and processes
are involved.

Yielding similar results, a different study measured blood
pressure and several hormones, among which is cortisol, in 18
participants before and after they read quietly or interacted with
one of 18 dogs (105). This interaction included talking, stroking,
playing with the dog, and scratching its body and ears for
30 min. Both conditions induced similar changes in all measures,
and there were no significant differences in blood pressure,
levels of cortisol, phenyl acetic acid, and dopamine. All these
measures decreased similarly following reading and interacting
with the dog. Only beta-endorphins, oxytocin, and prolactin
increased more following an interaction with the dog than during
reading. This points more at bonding than on specific effects on
stress relief.

Nevertheless, all these studies indicate that petting a dog,
optimally one that is familiar to the touch provider, can have
calming effects that become obvious in various measures. This
points at the potential of dogs to act as safety signals. Studies that
investigated touch effects following stress induction can provide
more insight into this potential, and three more recent ones will
be described in the following section.

Touch Following Arousal Induction

One such study investigated the effect of petting a dog vs. a
teddy bear on coping with a stressful situation in a large sample
of 223 students (106). Blood pressure, state anxiety, and HR
were assessed before and 10 and 20 min after the Trier Social
Stress Test (TSST) (107). The participants had 5 min to prepare
a short speech to be presented in front of a panel, followed
by an arithmetic task. During both tasks, the participants were
instructed to continuously pat the dog (experimental group)
or a dog-size teddy bear (control group). Blood pressure was
lower for all participants who had petted the dog compared to
the teddy bear. State anxiety was lower for the group who had
patted the dog. This effect was mainly driven by participants
with high trait anxiety at the timepoint of 10 min after the TSST.
HR was lower for the participants with high trait anxiety who
had petted the dog compared to the teddy bear, but not for
those with low trait anxiety. Thus, participants with high anxiety
benefitted from touch with a living furry animal. However, it is
also possible that the stuffed animal in itself already had a stress-
reducing effect. This question was addressed in a different study
where 58 participants were presented with a tarantula spider and
told that they might be asked to hold it (108). Following this
announcement, the participants split into five groups and asked
to either pet a rabbit, a turtle, a toy rabbit, a toy turtle, or wait
for 2 min (control group). State anxiety was measured at baseline,

after stress induction, and after petting one of these objects or
waiting. The participants who had petted an animal reported
lower state anxiety compared to those who waited, whereas the
anxiety scores of the participants who had petted a stuffed animal
did not differ from the control group. The state anxiety scores
following petting a real rabbit or a real turtle or soft- vs. hard-
shelled animals/objects did not differ. The authors inferred that
it is not the texture of the petted object or petting per se that
lead to anxiety reduction, but only petting a living animal. Thus,
this study provides evidence for the stress-reducing effects of
touching a rabbit and even a turtle.

However, a further study where stress was induced by
preparing and giving a speech, there was no evidence for the
stress-reducing effects of petting an animal. In this study, blood
pressure, HR, and state anxiety were compared in a sample of 36
participants that either kept a dog on their lap during preparation
and the speech itself or not (109). While holding the dog, the
experimental group was also allowed to talk to the dog and pet
it. Whereas, preparing and holding the speech increased blood
pressure, HR, and state anxiety, the presence of a dog did not
affect these measures.

To conclude, the listed animal studies are difficult to compare
due to alarge variety of comparison conditions. Different animals
were also used, and even the familiarity with these animals
varied. Verbal interaction while petting may be a confounding
factor due to the associated arousal. Measures of physiological
arousal are often found to be lower during quiet reading than
during interaction with an animal, but it appears difficult to
draw conclusions regarding the stress-reducing effects from these
setups. A better approach may be to first induce arousal and
subsequently measure the effect of touch. Studies with this
approach show some, however inconclusive, evidence for the
stress-reducing effects of living animals compared to toy animals.

TOUCH BETWEEN HUMANS AND
ARTIFICIAL OBJECT

In the study of Robinson et al. (110), participants from a
residential care facility interacted with and touched the robot seal
“Paro” (111) for 10 min (see Figure 2A). Paro responds to visual,
auditory, and tactile stimuli by moving or making small noises.
Blood pressure and HR were measured before and directly after
the interaction and 5 min later in 14 participants who interacted
with Paro. Whereas, all these participants touched Paro during
the 10 min that they interacted with him, it is not specified how
much time of these 10 min was devoted to touch. Compared to a
control group of seven residents who did not interact with Paro,
the experimental group’s systolic and diastolic blood pressure
decreased from baseline, and their HR also decreased over time.
Diastolic, but not systolic, blood pressure increased again 5min
after the robot had been removed. Whereas, these results are
promising, the low number of participants warrants replication.
A similar kind of furry-animal like device is the “Haptic
Creature” (112). The Haptic Creature (see Figure 2B) recognizes
touch and responds by different forms of breathing, purring, and
ear stiffness. Following a baseline where 38 healthy participants
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FIGURE 2 | (A-H) Schematic overview over devices used to perform touch.

were sitting alone with the robot out of sight, the Haptic Creature
was placed on their lap either turned off or while simulating
the breathing of an animal (112). Galvanic skin response (GSR),
respiration level, and HR were recorded during stroking and
baseline, each lasting for 75s. One hand was used to stroke the
robot, and the other was kept on its side where the breathing
can be felt. Subjective reports of arousal, emotional valence, and
anxiety were collected after baseline and after interaction with the
active or inactive furry robot in a within-subject design. When
the robot was breathing compared to be inactive, respiration rate,
HR, and state anxiety were lower, whereas emotional valence
was more positive. Differences between baseline and interaction
periods were not analyzed, but descriptive data suggest that
GSR increased for both active and inactive interaction compared
to baseline, whereas subjective arousal and valence were only
affected by active interaction. HR and respiration rate also
increased for the Haptic Creature being switched on or off, but
more so when it was inactive. State anxiety also increased for
the inactive robot compared to baseline, but it decreased for
the active robot. Thus, it was not the mere presence of the
Haptic Creature that produced relaxing effects (apart from those
captured by GSR), but the fact that it was animated.
Investigating the effect of longer-lasting touch on autonomic
function, Triscoli et al. (14) used a paintbrush attached to
a robotic device (linear tactile stimulator; Dancer Design; St
Helen’s, United Kingdom) which delivers stroking at a highly
replicable force (Figure 2C). The participants were stroked on
their forearm with a slow CT-targeted velocity of 3 cm/s for
about 35 min. This type of stimulation intends to mimic a gentle
human caress, and the healthy participants rated it as similarly

pleasant as touch at the same velocity performed by hand (19).
HRYV increased during stroking touch, but not during vibration
at 100 Hz in a comparison group. This might indicate improved
cardiovascular reactivity by stroking touch. At the same time,
subjectively reported stress was not different following any type
of touch compared to before. Cortisol levels decreased for both
types of stimulation, leaving the question open on whether the
changes in cortisol were due to lying still for a long time or to
having been touched.

Touch Following Arousal Induction

Several studies assessed the potential beneficial effects of touch
after inducing arousal or some form of stress. In the study
of (113), 67 healthy participants were touched by a “NAO” -
robot while viewing movies with multiple startling scenes (see
Figure 2D). GSR, HR, HRYV, and respiration rate were recorded
during a baseline in which a neutral movie was shown and
compared to the activity during the scary movie. For eight times
during the movie, the robot touched the participant on the
shoulder and the upper arm for between 10 and 40 s. At the end of
the touch, the robot also uttered some calming words (“Luckily,
it is just a movie”). The participants in a control group watched
the movie with the robot being present and moving in a similar
way, but without making physical contact. Subjective ratings on
different scales were collected before and after the scary movies.
HR increased for the participants who did not receive touch,
whereas it decreased for the participants who received touch. It
appears as if there was no difference in the other measures. The
subjective ratings regarding arousal and positive and negative
affect were also not different. Thus, there is some evidence
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for arousal reduction through touch, but as touch always was
combined to calming words, the respective contributions to the
observed effect are not known.

In a similar experiment by the same group, additional saliva
samples were collected and respiration rate was measured (114).
Touch lasted here between 30 and 55s. In this experiment,
no differences between touch and the control condition were
found for any of the measures (cortisol, GSR, HR, HRYV, affect
scores, and respiration rate). As a potential explanation for the
discrepant findings in these two studies, the authors suggest that
the participants in the 2019 study were already familiar with
the robot before the experiment began. Getting acquainted with
the robot may have promoted the stress-reducing effects by its
touch. This is a plausible explanation given the differences found
in animal studies between dogs known to the participant and
unknown dogs.

Also using an emotional film, Cabibihan and Chauhan
(115) performed a study on 30 healthy (student) participants.
Ten of them received touch by their partner, 10 received no
touch, and 10 received tele-touch (see Figure 2E). With this
tele-touch system, pressure, and temperature information from
the experimenter’s hand are transmitted and presented to the
participant via a cuft-like device as vibration, heat, and tickle.
HRV and GSR were collected while the participants looked at an
emotion-eliciting film. Touch was applied during the film scene
that had shown the highest heart rate in pilot studies and lasted
until the end of the movie (for 3 min and 29s). HRV and GSR
variations were higher in the control group than in the human
and tele-touch groups. HRV for human touch and tele-touch did
not differ, but GSR variation was higher for tele-touch than for
human touch.

Several studies assessed the effect of “Hugvie,” a cushion
with the shape of a minimalistic human (see Figure 2F) during
telephone conversations with an unknown human—which may
be considered an arousing situation. A sample of 18 women
(mean age, 64) was split into two groups that had a 15-min
conversation with a stranger either with a mobile phone (N =
9) or with the mobile phone placed inside Hugvie (N = 9). The
cortisol levels were lower for the participant group who had used
Hugvie (116), whereas subjective reports of calmness and positive
and negative affect did not differ between the two groups. In
a similar study with 29 healthy elderly participants (men and
women with a mean age of 65 years), state anxiety following
the conversation was lower when Hugvie had been used (117).
State anxiety was lower following conversation in the group of 14
participants that had used Hugvie, but there was no difference
in subjective stress and cortisol levels. In a further study, 19
participants listened to stories when they were transmitted via
a speaker placed inside Hugvie or through a speaker in the
absence of Hugvie (118). When the speaker was inside Hugvie,
the participants hugged it while listening. Global field power,
power in all frequency bands, and permutation entropy were
lower during listening and hugging Hugvie than during listening
alone and during rest. This was interpreted as indicating higher
levels of relaxation when using Hugvie.

Taken together, the evidence points at some positive effects of
robot interaction on stress-related measures, but only in some

and not all measures. As the measures used also differed in almost
every study, the results are difficult to compare.

Mechanic Pressure Devices

Other studies have looked into the stress-reducing effects of
mechanic devices applying a constant pressure. For example, HR
and state anxiety were compared in a group of 23 healthy students
when they self-administered deep-pressure touch during 15 min
while they were sandwiched in an apparatus called “Hug'm”
(for “hug machine”) and when they just lay in the apparatus
without deep pressure (119) (see Figure 2G). State anxiety and
HR were not different in the two conditions. There was a trend
for a larger anxiety reduction in participants with high trait
anxiety when the machine was “on” compared to “off” than in
participants with low trait anxiety. Using a similar machine, but
with the squeeze being applied laterally and a larger amount
of pressure, 40 healthy students were asked to describe their
experience in the so-called squeeze machine (120); 45% of them
used terms such as “relaxing.” Furthermore, ratings of relaxation
were collected from 18 participants following stationary pressure
and fast and slow rhythmic pressure of 3 min each. Relaxation
was rated as being highest for slowly pulsating and stationary
pressure compared to fast pulsating pressure.

Very recently, a series of experiments in healthy volunteers (N
= 78 in total) evaluated the effects of pulsating pressure delivered
with a sleeve-like device. Oscillating low compression of 30
mmHg resulted in a subjective decrease of anxiety similar to that
obtained by slow CT-targeted stroking (121). High compression
of 65 mmHg did not have such an effect.

Whereas, such pressure machines may not be assigned any
human qualities such as intention, this appears to be different
for devices with human-like features such as language. In this
case, the beneficial effects of machine touch might be modulated
by the assumed intention behind the touch. This is indicated
by a study in which 56 healthy participants, divided into four
groups of 14 participants each, received touch from a robotic
nurse that verbally either gave a warning before the touch or not
and, in case of the warning, gave reasons for the touch (122). The
robot used a spatula-like end effector that was covered with a
towel for moving across the participants’ arm (see Figure 2H).
Before or after the touch, depending on the condition, the
participants received verbal information by the robot that they
were going to get cleaned or received a comforting statement
(“Everything will be alright; you are doing well.”) Affective touch
was rated as more arousing than instrumental touch. Positive
and negative affect did not differ for the two touch types.
Touch preceded by information was also rated as more arousing
compared to when the information was given afterwards, and
positive affect was lower for touch preceded by information. GSR
increased following contact and during the touch in all four
conditions, independent of whether the participants had received
information before. At the same time, 10 out of 28 participants
who had received comforting touch reported that they would
have preferred if the robot had not touched them. In the group
receiving instrumental touch, only one participant would have
preferred no touch. This may point at the low acceptance of
robotic touch which is explicitly performed with the attention
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to comfort. In the case of human touch, the assumed intention
also determines touch perception and its effects (123, 124). On
the other hand, the findings may have to do with the way
the information was conveyed, as the authors themselves point
out. More controlled experiments on such contextual effects
are needed.

As with the animal studies, the low number of studies
meeting our criteria and the different effect measures used (see
also Supplementary Table 1) make it difficult to compare their
results. However, altogether one may conclude that touch by
various non-human agents either has no or a small calming effect,
which might be modulated by the assumed intention of the agent.
Presumably, the appearance of the robot also plays a role here, as
a too-human-look of robots can also have an opposite, negative
effect on the interaction partner. This has been described as
the “uncanny valley” effect [e.g., Moore (125)], where a robot
resembling a human almost, but not perfectly, induces feelings
of unfamiliarity and eeriness.

CURRENT TECHNICAL ADVANCES IN
ROBOTICS

While in classical industrial robotics the situation of a robot
touching a human was considered as an emergency and had to be
avoided, new research fields of human-robot interaction (HRI)
and human-robot collaboration have emerged, where robots are
expected to work side by side and even interact with humans
similarly to a social interaction between two humans. Therefore,
it is of highest relevance to evaluate these new and innovative
systems also in regard to their psychological effects.

Assistive robots can be classified into two main categories
(126): On the one hand, there are rehabilitation robots like smart
wheelchairs (127) and exoskeletons, which can perform, e.g., a
movement of a paralyzed hand by moving the hand for the
patient (128). There is a collaboration with the human, yet no
cooperation (129). The robot touch lies in the realm of HRI, as
robots only act on a human and there is, normally, no joint effort
with a human [e.g., handshaking; Shiomi et al. (130)].

On the other hand, there are socially assistive robots that
directly interact with humans (131). This category includes
service robots that can perform tasks, like handing an object
and also washing or feeding (132, 133), and companion-like
robots (111, 112). Both kinds of socially assistive robots have
physical contact with humans; therefore, their touch can be
expected to have psychological effects, and could be designed to
act calming.

In general, from a technical view, humans are often
considered as non-deterministic factors (134), that is, systems
with unpredictable outputs despite identical inputs. This
makes the development of HRI systems highly challenging
and requires interdisciplinary collaboration between robotics
experts, cognitive scientists, and psychologists in order to make
human behavior at least, to some amount, more predictable by
determining regularities and defining preferences.

Until now, robotic touch has been mostly investigated in the
context of social robotics with humanoid robots (see “Section

Touch between humans and artificial object”) when the robot
actively touched a human, but there are also a number of
studies where the robot is touched by a human and responds
with different forms of feedback (110-112). The feedback of the
robot may be important for shaping the experience of the touch
provider, as indicated by the results from the animated vs. non-
animated Haptic Creature (112) and also from a living animal
vs. a stuffed animal toy (108). When programming and building
social robots, studies in which a robot is the toucher and a human
user is the touchee are of high interest to determine the effects
of different kinds of robotic touch on stress outcomes. Ideally,
there are identifiable characteristics of the touch, the robot, and
the situation, which allow specifying when robotic touch can be
experienced as a safety signal and when not.

Although robotic touch is usually associated with humanoid
robots (135), plain touch arousal is feasible with just a one
degree-of-freedom (DOF) linear actuator (45, 136). In this basic
research experiment with a machine without human appearance,
the trajectory, the moving speed, and the contact force were
predefined and had no variance. However, it is arguable if
variations in trajectory parameters are beneficial for a natural
feeling of repetitive touch. On the other hand, in the study of
Willemse and van Erp (137), a humanoid robot “NAQO” with
25 DOE, touch sensors, and cameras were used. This allowed
for very different and sophisticated movements toward and
pressure onto a person who might move herself. For the touch
experiment, a teleoperation mode was utilized. The operator
was initiating a social touch using one robot (master), while the
unaware participants were touched on the shoulder by another
robot (slave) connected to the first one. It is worth investigating
whether these differentiated ways of touch influence its stress-
reducing effects.

A simplified robotic touch process is similar to a grasping
action and can be divided into the following steps (see
Figure 3): (1) perception of the area of interest (e.g., human
forearm), (2) path planning and end-effector movement from
the initial position to the pre-touch position, (3) searching
contact with human body, (4) trajectory/surface following, and
(5) disengagement and moving back to the initial position.
Whereas, the movement to the pre-touch position (step 2) can be
realized with a simple position controller, an interaction control
policy is necessary for the trajectory/surface tracking (step 4). A
survey of interaction control schemes with static and dynamic
model-based compensation is presented by Chiaverini et al.
(138). Especially in steps 2—4, technical adjustments can be done
to optimize the effects of touch. This indicates the complexity of
parameters that has to be taken into account.

One step into this direction was the study of Reed and Peshkin
(139), where the authors attempted a “Haptic Turing Test” in
an experimental setup with a two-handled crank with a hidden
motor. A Turing test assesses a machine’s ability to exhibit
intelligent behavior comparable to or even indistinguishable
from human behavior. For the investigation of dyadic physical
communication, the authors designed a simple task of mutually
acquiring a one-DOF visual target. In one of the experiments,
10 out of 11 participants who worked with a hidden robot in
the presence of a confederate were under the impression that
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FIGURE 3 | Flow chart of a simplified robotic touch. Steps 2 to 4 are expected to crucially influence the perception of touch and, therefore, its role as safety signal.

they were working with another human. A “Touch Turing Test”  robot sensory systems and used as a feedback or reward signal
can also be designed. The human visual and auditory systems  for unsupervised learning. In a technically similar manner, a
provide powerful sensory input that complicates isolated touch  robotic system will be able to learn a personalized robotic touch
experiments with humanoid or industrial robots visible to the  based on the emotional feedback of the human participant and
participants. The Touch Turing Test with an autonomous robot  could account for individual preferences or clinical contexts. For
executing variable touch motions in the presence of a confederate ~ example, the robot could adjust pressure based on the facial
could help investigate the hypothesis on whether or notarobotis  expression of the touch receiver. Such a dynamical adaptation
able to simulate human touch motion sufficiently well to deceive  to an individual’s response would allow for greater flexibility and
human participants—and whether deception is a good idea in  therefore presumably increase the likelihood of positive effects in
this case. In addition, recent technological advances in virtual  the receiver.
reality (VR) (140) offer a new modality for touch experiments. Advances in robotics research as well as technological progress
Humans can be touched by a robot in reality, and a digital  in hardware development bring robots from structured factory
twin in the form of a humanoid robot, robotic arm, or even  environments to human homes and enable new communication
a human could be shown to the participant in VR. Similar = modalities for improved HRI. One of the important aspects
to the experiments with the “Repliee Q2” (141), the “uncanny  in physical interaction and yet to become a growing research
valley” effect (see “Section Mechanic pressure devices”) can be  field in HRI is robotic touch, bringing robotics and psychology
investigated with addition of the tactile sense and underlining  experts together.
the relevance of taking the psychological context of touch into
account. Studies making use of these possibilities could provide
important insight into the optimal properties of robotic touch. CONCLUSIONS AND CLINICAL

In an overview of interpersonal touch, Gallace and Spence  |MPLICATIONS
(142) point out that surprisingly little systematic scientific
research has been conducted on this topic. The characteristics of ~ Taken together, the majority of previous research reviewed in
tactile stimulation that are needed for the touch to be perceived  this article indicates a calming/stress-relieving effect of touch,
by a human as interpersonal rather than as mechanical are irrespective of the agent that is touching or being touched:
still unknown. Furthermore, in order to realize an autonomous  effects have been shown both after actively touching, and
robotic touch in the context of physical HRI, it is essential  being touched. Humans, animals, and even robotic devices
that the robot can use sensory feedback and perception. Besides ~ may induce a cascade of reactions from tactile perception to
the visual (e.g, RGB and depth cameras) and force-torque  insular control of the amygdala and subsequent regulation
sensor technologies already widely used in HRI, tactile and  of the stress axes, resulting in dampened arousal. Both from
proximity sensors could enhance the performance of the robotic ~ onto- and phylogenetic perspectives, the health-related beneficial
touch system. Multi-modal tactile proximity sensors (143, 144)  effects of physical interpersonal contact seem plausible, as they
can be applied for the searching contact phase (step 3 of  might signal safety from harm in the presence of the family or
Figure 3) and during the trajectory tracking phase for the  the community. Therefore, we propose that, under appropriate

pressure/force feedback. conditions, touch from various agents can act as social signal
Finally, latest breakthroughs in artificial intelligence research ~ for safety and support mental and physical health. Clinical
can be employed both as a control policy model [e.g, implications can be drawn for touch as a treatment for an

reinforcement/machine learning (145)] and as a feedback to  acute physical or mental health problem under consideration of
the robotic system using artificial emotional intelligence (146),  the disorder-specific reactions to touch and also for preventive
therefore already allowing to adapt the kind of touch during  applications during phases of high stress in order to reduce the
the interaction. For instance, facial expression recognition can  chance of stress-induced diseases (148).

achieve very high accuracy (~97%) under laboratory conditions Interpersonal touch during medical treatments has been
(147). Facial expressions or acoustic speech can be perceived by  evaluated in a number of studies and suggests that touch can
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improve treatment outcomes [for a recent review, see (149)]. In
their overview on the potentially beneficial effects of touch for
patients treated in an intensive care unit, Harris et al. suggest
that interpersonal touch is most effective when provided by a
relative in a lightly moving way (in contrast to static touch)
and that dimmed light might increase the calming effects. These
conclusions are in line with research that light massage and touch
can improve psychobiological stress levels and decrease pain in
older patients with dementia (150) and patients with pain due
to cancer (151). A touch therapy program in autistic children
has been suggested to improve parent—child communication
(152). Harris et al. (149) also support the notion that, rather
than interpersonal touch per se, it is the affective level and the
interpretation of an adequate physical contact as a gesture of
support and closeness which can attenuate stress. This is in line
with studies suggesting that some individuals (e.g., those who
are anxious or traumatized) might prefer to have no physical
contact to others or physical contact in a controlled setting only
(19, 106). Above this, skin contact is associated with increased
levels of intimacy and can bear the risk of re-traumatization after
sexual trauma. Therefore, touch in a medical context (e.g., prior
to surgery, during intensive care, or in a nursing home) should
be well-elaborated in order to act beneficial. In line with this, in
some vulnerable situations, being touched by a machine might be
preferred over touch by an unknown person, such as when being
washed. Another solution would be personalized touch that can
be controlled by the individual’s feedback itself.

Machine-based touch might also be helpful as a preventive
procedure for lonely individuals or individuals in quarantine who
cannot rely on human touch. This review article focuses on the
basic research question of touch by different agents acting as
safety signal; therefore, we did not discuss studies on infants
or clinical patients in detail. However, this would, of course, be
important for future applications of touch.

Expectations, beliefs, and the whole context of the interaction
need to be taken into account, not only in clinical settings
but in general, in order to determine the beneficial effects
of touch [see (51)]. For example, sex/gender, and the
romantic attraction to the interaction partner (153) have
been found to influence the touch experience. The preference
for physical contact with another human or an animal also
differs between individuals (154-156) and is subject to
personal experience such as trauma [e.g., Strauss et al. (19),
Maier et al. (157)], touch deprivation (158), and attachment
style (155).

Thus, various interindividual and context factors can also
influence the effectiveness of touch as a safety signal. As stated
by Older (159): “Appropriate touch becomes inappropriate when
given at the wrong time, in the wrong dose, or to the wrong
person.” Nevertheless, actual negative interaction situations
have barely been investigated. Stress- or fear-dampening effects
can only occur if the touch and the touching agent are not
experienced as threatening or potentially dangerous. To the
best of our knowledge, however, no study has yet focused
on these different aspects of positive vs. negative anticipation
of touch and the type and the quality of the relationship
between the touching person or agent and the individual

receiving the touch. Rather than the objective characteristics of
the touch itself, it might be the interpretation and the social
situation which makes touch either act as a safety signal or
a threat. To disentangle these effects, research systematically
testing different contexts, and expectations would be necessary.
Nevertheless, when reviewing the literature, it becomes clear
that this field of research is facing several challenges. In
studies of human touch, there is a large heterogeneity of
the way touch was performed or instructed. In ecologically
more valid studies such as those regarding touch in close
relationships and therapeutic touch, e.g., massages or animal-
assisted therapy, the effects of touch may be intermixed with
the effects of other experiences in this social interaction. In
some studies, other aspects such as visual appearance or verbal
communication are not controlled for or there is no control
group at all. Therefore, the results have to be treated with
caution in regard to the basic research questions on touch as a
safety signal.

Regarding the stress- or fear-markers assessed, there is
also a lot of variance. Cortisol, as an established marker
of HPA activity (67), is the most widely used physiological
measure, which improves comparability among studies, yet
studies reporting other outcomes are difficult to integrate (see
Supplementary Table 1 for an overview over the measures
used). Another limitation of some studies is the critically
small sample size that may hamper the generalization of the
results. However, despite these limitations, the sum of research
points toward similar effects, which is the regulation of the
stress axes by touch. Future research needs to address the
issues listed above to provide a clear picture on the physical
conditions in which touch acts as stress-dampening and by
which underlying neural pathway it affects the stress axes. Our
recommendations are both to design systematic research studies
comparing different kinds of touch and also use established
measures in the field.

Technical advances also open new research innovative

directions: advances in machine learning and artificial
emotional intelligence  will allow the development
of feasible robotic systems, which can account for
individual preferences in terms of personalized touch.

Such touch by robots or machines might provide new
options for individuals with an aversion for touch by
another human [e.g., Hielscher and Mahar (154), Strauss
etal. (19)].

In conclusion, the broad and multifaceted range of research on
touch given by several agents can be summarized as a promising
field, yet only at its very beginning. From a clinical perceptive
though, robots or machines giving stress-relieving touch could be
of high potential in healthcare, e.g., in patients in spatial isolation
of quarantine, in individuals refusing touch by another person, in
lonely people, or in nursery homes.
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