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COGNITIVE NEUROSCIENCE

The extraordinary enigma of ordinary tickle behavior:
Why gargalesis still puzzles neuroscience

Konstantina Kilteni'*

Gargalesis, or tickle, is one of the most trivial yet enigmatic human behaviors. We do not know how a touch be-
comes ticklish or why we respond to other people’s tickles but not our own. No theory satisfactorily explains why
touch on some body areas feels more ticklish than on others or why some people are highly sensitive while others
remain unresponsive. Gargalesis is likely the earliest trigger for laughter in life, but it is unclear whether we laugh
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because we enjoy it. Socrates, Aristotle, Bacon, Galileo, Descartes, and Darwin theorized about tickling, but after
two millennia of intense philosophical interest, experimentation remains scarce. This review argues that gargale-
sis is an exhilarating scientific puzzle with far-reaching implications for developmental, sensorimotor, social, affec-
tive, clinical, and evolutionary neuroscience. We reflect on the challenges in defining and eliciting ticklish
sensations in the lab and unraveling their neural mechanism, discuss five classic yet unanswered questions about

tickle, and suggest directions for future research.

INTRODUCTION

Gargalesis, commonly known as tickle, is a very familiar sensation
that most of us have experienced at least once in life. Whether ac-
tively tickling our babies, family, friends, partners, or pets, or being
on the receiving end of a tickle attack, humans undoubtedly engage
in tickling behaviors. However, despite its triviality, the scientific un-
derstanding of gargalesis is extremely poor. Today, we do not know
why certain areas of the body are more ticklish than others and why
some people enjoy being tickled, while others dislike it but still burst
into laughter. We have also not fully understood why we cannot tick-
le ourselves and why some people are very ticklish, while others are
not responsive at all. Furthermore, the primary function of tickling
in humans, as well as in other species, remains a big enigma.

Are these questions new, and is that why we do not have any sci-
entific answers yet? Definitely not! Inquiries about the epistemological
role of gargalesis have persisted throughout human history, from An-
cient Greece to the Renaissance and beyond (I). Socrates (in Plato’s
“Philebus”), Aristotle (in “Parts of Animals”), Desiderius Erasmus
(in “Adagia”), Francis Bacon (in “Sylva Sylvarum”), Galileo Galilei (in
“Il Saggiatore”), René Descartes (in “Treatise on Man” and “The Pas-
sions of the Soul”), and Charles Darwin (in “The Expression of the
Emotions in Man and Animals”) all theorized about different aspects
of gargalesis including its nature and underlying mechanism.

If these questions are not in any way novel to scholars past and
present, then why have they failed to attract substantial interest from
neuroscientists? Could the study of tickle sensation and behavior
perhaps have too narrow implications to warrant further investiga-
tion? It is probably the exact opposite: Tickle is a unique model of
the complex interplay between somatosensory perception, motor
control, and affective processing with wide relevance across many
branches of neuroscience (Fig. 1). First, from a developmental neu-
roscience perspective, gargalesis is one of the earliest triggers for
laughter in life, and responses to tickling, defined as body move-
ments and laughter, appear already within the first year of life and
stabilize in later years (2). Tickling forms an important part of social
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play activities between parents and infants. Different responses to the
ticklish touches of their mothers have been detected between infants
(3) and toddlers (4), and changes in the frequency of their prelinguis-
tic vocalization have been further observed depending on their de-
velopment stage and neurodevelopmental condition (5). Second,
research on tickling has implications for evolutionary and compara-
tive neuroscience as, besides humans, chimpanzees, bonobos, goril-
las, and orangutans respond to being tickled (6-8). Earlier studies
have further suggested the existence of similarities in tickling vocal-
izations between humans and nonhuman primates (6, 7, 9). More-
over, research in isolate-housed rats suggests that 50-kHz ultrasonic
vocalization patterns in response to human touch might represent
laughter-like responses to playful tickling (10-14). Third, researchers
in sensorimotor neuroscience investigate how the same touch might
feel significantly more ticklish if applied by another person on our
foot sole compared to when we apply it ourselves (15, 16) and pro-
pose that this is because our brain can predict and suppress our own
self-touches (17). Similar attenuation, or even cancelation, effects for
the predictable self-generated sensations have been observed in oth-
er species and modalities (18-24). Fourth, from a clinical neurosci-
ence perspective, earlier research showed that people with autism
spectrum disorder (ASD) perceive touches as more ticklish than con-
trols (25). In addition, patients with auditory hallucinations and pas-
sivity experiences (26) perceive their self-touches as similarly ticklish
as external touches. Similarly, nonclinical individuals with high
schizotypal traits (27, 28) perceive their self-touches as more ticklish
than those of nonclinical individuals with low schizotypal traits and
as comparably ticklish as external touches. Fifth, tickle has important
relevance also to social neuroscience. Most people hold the view that
tickling requires a familiar social context (29-32), and we would not
be tickled by strangers. On the other hand, some researchers argue
that gargalesis elicits more reflex-like than social responses (33) and
that we can get tickled by machines to the same extent as we get tick-
led by our cospecifics (34). Last, tickle has recently gained relevance
in the field of affective haptics and robotics, particularly in the devel-
opment of wearable haptics such as insoles (35), slippers (36), and
tactile displays (37), as well as other technologies including handheld
devices (38) and vibrotactile displays (39), that aim to induce and
communicate emotions between users through tickling (40).
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Fig. 1. Why we should care about studying tickle sensations. The study of human tickle sensations offers profound insights for neuroscience, beyond what one might
initially think. Developmental neuroscience: Responses to tickling emerge within the first year of life (2) and vary depending on the development stage (3, 4), suggesting a
potential link of tickling with sensorimotor and social development. Evolutionary and comparative neuroscience: Responses to ticklish stimuli are not exclusive to humans;
they have also been observed in great apes (6), indicating an evolutionary basis for this sensory experience. Sensorimotor neuroscience: Tickle provides a fascinating
model for understanding how the brain processes similar somatosensory input in markedly different ways depending on its origin. For example, sensations feel signifi-
cantly more ticklish when induced by someone else rather than by ourselves (15), highlighting the brain’s predictive mechanisms and its ability to differentiate self-
generated actions from external stimuli (77). Clinical neuroscience: Increased sensitivity to ticklish stimuli has been observed in patients with hallucinations and passivity
experiences (26), and individuals with autism spectrum disorder (ASD) (25). This suggests that studying tickle responses can also help to identify sensory and sensorimotor
processing abnormalities in these conditions. Social neuroscience: Tickle is likely the only touch that makes people laugh, and its neural mechanism should, at least partly,
overlap with the mechanisms of social cognition, emotions, and affective processing. However, the extent to which laughter from tickling genuinely reflects joy remains
unclear (102), making tickling a valuable model for studying these processes. Affective haptics and robotics: Research on tickle sensations presents considerable potential
for affective technology, as exploring how tickle-like sensations can be recreated can make user interactions and human-machine interfaces more intuitive and emotion-
ally engaging (35).

To sum up, gargalesis has occupied some of the brightest philo-
sophical minds across the last two millennia of human history, and
research on this subject could have broad implications for human
developmental, social, clinical, affective, and evolutionary neuroscience.
Then, why has empirical research on ticklishness fallen so short
where philosophical deliberations flourished? Here, we synthesize
the literature on gargalesis and suggest that our limited scientific
understanding of tickle arises from three important challenges in (i)
defining tickle sensations, (ii) experimentally inducing and quantifying
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them, and (iii) characterizing their neural mechanism. To overcome
these obstacles, we propose targeted actions toward more rigorous
and replicable experiments. Next, we delve into five classic, yet
unaddressed, questions about gargalesis. For each question, we
review previous works, discuss their potential limitations, and sug-
gest alternative experimental approaches. We conclude that gargale-
sis perception (Box 1) is an exhilarating puzzle waiting to be solved
by neuroscientists and that we are only at the very beginning of
this journey.
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CHALLENGE 1. DEFINITION OF GARGALESIS
To study a sensation in the lab, a scientist needs to know and under-
stand its definition to successfully elicit it or experimentally manipu-
late it. One of the major problems with studying gargalesis is that
there is no consensus within the medical and research community
about what sensations are described by the word “tickle” For some
scientists of the 20th century, tickle was another term to describe
itch-like sensations that are induced by applying very light mechan-
ical stimulation to the skin [for example, using a brush, a feather, or
a cotton wisp (41-48)]. This mechanically induced itch, or the “itch
that moves” (47), can trigger a variety of responses including pulling
oneself away from the stimulus or pulling the stimulus away from
the body, horripilation (i.e., goosebumps) (42), and the urge to
scratch or rub the affected skin area (46). Common situations in
which one can experience this sensation are when wearing a woolen
sweater or having an insect crawling on the arm that causes light
mechanical rubbing of the skin. It is relatively easy to induce this
type of sensation in yourself: Just move a feather, a brush, or your
finger very lightly and slowly along your upper lip, forearm, or fore-
head. You will likely experience a slight discomfort or tingling sen-
sation that outlasts the stimulation time and triggers a subsequent
desire to rub the affected skin area. If you apply forceful or fast
strokes, then this itchy sensation vanishes (Fig. 2, left).
Nevertheless, what we most frequently associate with the term
“tickle” is a discrete and ambivalent sensation tightly coupled to a

Box 1. Tickle/gargalesis sensation or tickle/gargalesis perception?
The fact that not all touches feel ticklish, but rather that touch needs to
have certain features and be applied to specific areas of the body, speaks
in favor of gargalesis being a stream of distinct sensations conveyed by
sensory nerve fibers. At the same time, the observation that the same
touch can feel ticklish when administered by another person but not
when applied by ourselves suggests that further processing and
interpretation of these sensory signals are involved for a touch to be
perceived as ticklish. Here, we will use the terms “tickle/gargalesis
sensation” and “tickle/gargalesis perception” interchangeably.

drive to convulse and laugh. This sensation arises when fast applying
strong, repetitive pressure on specific areas of the body, such as the
armpit, sides, or the foot soles (2, 34, 49-52), and typically includes
body stiffening, pulling the body away from the stimulus, smiling,
and laughing (53). This type of tickle requires a tickler and cannot be
self-induced: Try to stroke your sides, waist, or armpits with your
fingers. Typically, you will experience the pressure, but you will not
self-induce any involuntary muscle contractions, laughter, or uneasi-
ness (Fig. 2, right). These interactions usually involve the approach of
the tickler toward the ticklee (the setup) and the actual tactile stimu-
lation (the climax) (4, 5). In some cases, the ticklee retaliates by be-
coming the tickler, leading to reciprocal “tickle fights,” where both
individuals engage in a back-and-forth exchange (32, 54).

To differentiate these two types of sensations, different terms were
coined. At the end of the 19th century, the term “knismesis” from
Ancient Greek kvnopog (knésmds, “itching”) was introduced to de-
scribe itch-like sensations, and the term “gargalesis” from Ancient
Greek yapyohiCo (gargalizo, “tickle”) was used to describe laughter-
inducing tickling (53). Alternative terms such as the “superficial
tickle” and the “deep tickle” were introduced a few years later (55) to
reflect the light feather-like touch needed for knismesis and the hard-
er touch needed for gargalesis. Nevertheless, the prevalence of these
terms in the scientific literature remains relatively limited (56).

In practice, experimental studies have rarely specified which sen-
sations they aimed to elicit and study (knismesis versus gargalesis),
leading to seemingly contradictory findings. For example, some
studies reported that the forearms/elbows and the thighs were the
most sensitive body areas to tickle (41, 57), in contrast to others in-
dicating that the elbows, palms, and legs were the least sensitive
areas to tickle (53). However, these results can be conciliated if we
consider that the former studies studied knismesis (41, 57) and the
latter studied gargalesis (53).

A similar confusion exists regarding the peripheral mechanisms
of tickling as described in contemporary medical textbooks (58, 59).
Early animal and human physiological work suggested that ticklish
sensations are detected by C low-threshold mechanoreceptive free
nerve endings, conveyed through unmyelinated fibers which inner-
vate mostly the hairy skin, following the anterolateral pathway
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Fig. 2. Studies refer to different sensations with the term “tickle.” Left: Some studies elicited and quantified mechanically induced itch sensations using slow, light
feather-like tactile stimulation on all areas of the body and used the term tickle to refer to their research question. These sensations are termed knismesis and can be self-
induced to a great extent. Right: Other studies elicited and quantified laughter-inducing tactile sensations using faster and stronger tactile stimulation on specific areas
of the body, such as the torso, the armpits, and the soles of the feet. These sensations, termed gargalesis, are difficult to self-induce. The present article focuses on the
latter, the gargalesis sensation, which, in contrast to knismesis, remains widely understudied.
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(45, 47, 48, 60), similar to pain, heat, cold, and itch. This pathway,
however, is based on physiological findings on knismesis and not
gargalesis. Gargalesis requires the application of high pressure on
both hairy (e.g., armpits) and glabrous areas (e.g., foot soles) and is
thus likely to activate a wide range of afferents (61, 62). These in-
clude low-threshold mechanoreceptors (fast-conducting AP fibers
and slow-conducting C fibers particularly in the hairy skin), high-
threshold mechanoreceptors [including the A-fiber high-threshold
mechanoreceptive nociceptors (63)], C-mechanosensitive nocicep-
tors with low force activation thresholds (61), and even muscle af-
ferents depending on the proximity of the muscles to the stimulation
site. It is this particular intermix of gargalesis with knismesis at the
physiological level that led some researchers to further assign tick-
ling to the interoceptive senses (64). Originally, interoception refers
to the processing of signals originating within the body and related
to the state of one’s body. However, broader definitions include not
only visceral (internal) sensations (65) but also sensations that share
a similar neural pathway, as, for example, the unmyelinated nerve
fiber types (66). Given that knismesis sensations have been linked to
the activation of the unmyelinated class C-afferent fibers (48, 60)
among others, tickle has been included under the umbrella term of
interoception although it should be emphasized that this might not
apply to gargalesis.

Last but not least, it is important to distinguish between gargale-
sis and knismesis also when speculating the function of tickling:
While knismesis can act protectively in drawing attention to the
skin and urging the removal of insects, parasites, or irritants (54),
identical to the function proposed for itch (67, 68), it is the function
of gargalesis that remains a big mystery (50).

CHALLENGE 2. EXPERIMENTAL INDUCTION AND
QUANTIFICATION OF GARGALESIS

If the definition of tickle among studies is unclear, then it should not
be surprising that we currently lack established research standards.
On the one hand, there are no standardized methods to experimen-
tally elicit ticklish sensations in the lab. For example, regarding the
stimulation instruments, some researchers, likely interested in knis-
mesis, used cotton wads, brushes (41-44, 69), feathers (57, 70-72),
soft foam (25, 28, 73-75), threads, pins, and hairs (46, 55), while
others likely interested in gargalesis involved direct skin-to-skin
stimulation using the finger of the experimenter (34, 49, 51), the par-
ticipant’s friend/partner (76, 77), or a person within the participant’s
social circle (78). Similarly, the body areas stimulated in experiments
vary greatly; some studies likely targeting knismesis stimulated the
upper limbs [palm (25, 28, 73, 74, 79), wrist (37), and forearm
(41, 70, 80)], the face [forehead (46, 81), cheek (43), and lip (46,
55, 81)], or the entire body (57), while other studies investigating gar-
galesis addressed the torso [ribs/waist (49, 51, 82)] and the foot sole
(69, 71). Moreover, the properties of the applied stimulation studies
also greatly differ between studies. For example, some studies target-
ing knismesis applied very light feather-like stimulation [e.g., 0.17 N
(15, 70)] or instructed the experimenters to apply as light strokes
as possible (70) on the participants’ bodies, while others oriented
to gargalesis opted for more forceful stimulation [e.g., up to 15 N
(82)]. This heterogeneity is further aggravated by limited or unde-
tailed specifications of the stimulation parameters given to the par-
ticipants. In particular, in experiments in which participants are
tickled by other individuals, there are no instructions given to the
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ticklers about how to administer the touch, or there is no description
about how this was practically accomplished (34, 49, 51). This be-
comes even more problematic in studies where each participant
is stimulated by a different individual (76-78, 83, 84) (e.g., the sub-
ject’s friend).

A further problem is the lack of standardized dependent variables
to quantify gargalesis. Subjective reports about how ticklish the stim-
ulation felt are the most common way to assess tickle sensations, e.g.,
(34, 49, 51, 69, 82), but on their own, they can be subject to demand
characteristics and interindividual variability, as any self-reported
measures. Some research has captured behavioral reactions to tick-
lish touch in audio and/or video recordings, such as vocalizations
(e.g., laughter), facial expressions (e.g., smiling), and body movement
(e.g., movements to avoid the ticklish stimulus) (3-5, 34, 35, 40, 49, 51,
78, 82). Only a small number of studies have collected physiological
responses, including measurements of respiration (40, 78), skin con-
ductance response, heart rate, and skin temperature (35, 40), under
the premise that gargalesis changes the arousal levels and subse-
quently affects the activity of the autonomic nervous system. Self-
reports and behavioral and physiological measures are not found
to systematically correlate across studies. For example, some studies
detect a relationship between subjective reports and facial/body move-
ments (51), while others did not (40, 78). Similarly, some experi-
ments have detected a relationship between subjective reports and
laughter (77, 78, 85), whereas others have failed to observe such a
correlation (76) or have not found a link between tickle perception
and the anticipated changes in respiration associated with laughter
(40, 78). The discrepancies between studies may be attributed to the
different methods used as well as the differences in sample sizes and
thus in the statistical power to detect responses to ticklish touches
[e.g., 11 participants (78) and 72 participants (51)].

CHALLENGE 3. NEURAL MECHANISMS OF GARGALESIS

For a neuroscientist, it is important not only to perceptually charac-
terize triggers and responses to tickle sensations, but also to eluci-
date the neural mechanisms of gargalesis. Today, we know very little
about it. This is due to the scarcity of neuroimaging studies on the
topic, which have predominantly focused on brain activity during
laughter (76, 77, 83) or tickle anticipation (69, 77). At the central
level, studies on the anticipation of being tickled demonstrated that
tickle expectations elicited activity in the sensorimotor cortex, ante-
rior insula, hypothalamus, nucleus accumbens, and ventral tegmen-
tal area (69, 77, 85), among other regions. Gargalesis studies showed
that tickle sensations on the foot accompanied by laughter elicited
activation in several sensorimotor areas, including the primary sen-
sorimotor cortex (foot, mimic musculature, larynx, pharynx, and
diaphragm areas), the supplementary motor area, and the cerebel-
lum (76, 85). In addition, tickling and laughter activated the anterior
and posterior insula, hypothalamus, nucleus accumbens, ventral
tegmental area, anterior cingulate cortex, and periaqueductal gray
(PAG) matter (77, 85). Vocal responses were found to relate to activ-
ity in the PAG, hypothalamus, insula (76, 83), and midbrain teg-
mentum (77). However, the primary focus of those studies was not
the neural mechanism of gargalesis, but the neural mechanism of
laughter. Consequently, the conditions that were contrasted with the
“ticklish” condition that involves strokes on the foot sole were not
designed to provide similar but nonticklish somatosensory input,
but with conditions of voluntary laughter (76, 83) or with conditions
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where the participants received stimulation of markedly different
properties (e.g., a constant pressure on the foot sole) (77).

HOW TO OVERCOME THESE CHALLENGES AND MOVE FORWARD
To improve the reliability and methodological rigor of tickle research,
several steps should be taken. At minimum, future studies should doc-
ument whether the aim is to induce gargalesis or knismesis. Second,
research needs to transition from manual tactile stimulation to auto-
mated administration, using haptic devices and robots for example.
This will allow for precise modulation of stimulus parameters (e.g.,
force of touch, velocity of stroke, area of contact, and predictability)
and the optimization of stimulation protocols to reliably induce tickle
sensations across individuals (Fig. 3, left). Automated procedures can
promote the replicability between studies without diminishing the
subjective experience. Studies using such techniques have successfully
elicited tickling responses and evoked laughter responses [e.g., (35)],
demonstrating their effectiveness. This approach aligns with similar
advancements in related fields, such as affective touch and itch, where
automated methods have also proven successful [e.g., see (60, 86)].
Third, although ticklishness is subjective, self-reports should be sys-
tematically considered along with other variables, and methods that
allow for better quantification of facial and body movements (e.g.,
electromyography, kinematic recordings, and video-based automated
facial expression analyses) and physiological signals (e.g., electrocar-
diogram, electroencephalogram, skin conductance response, pupil
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dilation, and respiration) should become the norm (Fig. 3, middle).
Statistical techniques can further explore which measures better
capture the subjective perception of ticklish touch, determine how
strongly physiological, kinematic, and subjective responses are related
to each other, and identify common underlying factors among differ-
ent measures that explain the variance in ticklishness perception.
Automated stimulation methods will also enable us to reveal the
neural mechanism of gargalesis both at the peripheral and central
levels (Fig. 3, right). Peripherally, in vivo electrophysiological re-
cordings [i.e., microneurography (87)] require subjects to remain
motionless (88, 89) to prevent the displacement of the recording
electrode from the specific fiber of interest. This is challenging, as
gargalesis can induce body convulsion and laughter in participants.
To circumvent the movement restrictions, one could alternatively
test whether patients with selective loss or reduction of sensory fi-
bers [e.g., myelinated AP type (63, 90) or unmyelinated C type (91)]
experience gargalesis or use software for simulating neural activa-
tions (88). Last, to better understand how touch is perceived as tick-
lish at the central level, it is important to compare stimuli that share
most properties but differ in a key factor influencing perceived tick-
lishness. For example, strokes with identical velocity, contact area,
and duration may still evoke different ticklish sensations if the ap-
plied force varies: Strokes below a certain force threshold may feel
nonticklish, while those exceeding a higher force threshold may be-
come painful. Participants’ ratings on ticklishness can further be
used to model brain activity or support multivariate analyses to
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Fig. 3. Future steps needed to understand the principles of human gargalesis sensations. Left: The challenges in experimentally inducing and quantifying gargalesis
can only be faced with automatized methods of tactile stimulation coupled with systematic investigation of which properties a touch needs to have to feel ticklish. Future
experiments need to test which stimulation parameters (e.g., force and velocity of stroke, predictability of pokes, duration of stimulation, etc.) convert touch to tickle. The
graphs display hypothetical relationships between ticklishness and stimulation features. Middle: Successfully eliciting reliable tickle sensations in a lab will allow us to
detect which measure better captures the perception and derive additional objective indices of ticklishness. For example, tickle responses typically include laughter,
arousal, and convulsive movements. Right top: Automatized methods will further allow delineating the neural pathway of tickle sensation. At the peripheral level, there
are various types of sensory receptors within the skin that convey tactile information. In glabrous skin, low-threshold mechanoreceptors include Meissner’s corpuscles,
which are sensitive to light touch, slip, and texture; Merkel’s disks, which are sensitive to light touch and pressure; Ruffini endings, which are sensitive to skin stretch; Pacin-
ian corpuscles, which are sensitive to deep pressure and vibration; and free nerve endings that respond to a wide range of sensations including touch, pressure, pain,
temperature, and itch. However, because gargalesis typically requires forceful stimulation, it is expected to activate not only low-threshold but also high-threshold
mechanoreceptors, nociceptors, and even muscle afferents if there are muscles close to the stimulation site. Now, we do not know which sensory receptor(s) mediate
gargalesis. Right bottom: At the central level, neuroimaging analyses based on the participants’reported ticklishness can relate neural activity or patterns (univariate and
multivariate pattern analyses) to subjective reports of ticklishness while controlling for the physical characteristics of stimulation.
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detect brain activity patterns that follow the participants’ ticklish-
ness scores.

FIVE OUTSTANDING QUESTIONS ABOUT GARGALESIS THAT WE
HAVE NO ANSWERTO

Having outlined the challenges of gargalesis research, we now turn
to five key questions that continue to intrigue both the scientific
community and the general public (Fig. 4).

Question 1. Why does touch feel more ticklish on certain
areas of the body than on others?

A syllabus issued in 1896 (53) revealed that the foot soles and arm-
pits are the most ticklish areas in children, and a recent survey (92)
reported similar results in adults highlighting the feet and the arm-
pits. Other ticklish areas include the neck, sides, stomach, and groin,
among other areas (53, 54, 92). What is special about these areas?
The most intuitive explanation is a physiological one according to
which the most ticklish areas are those with the highest sensitivity to
touch or pain. However, this account was ruled out more than a cen-
tury ago (93) given that the armpits and foot soles are neither among
the areas of highest tactile or pain acuity (94) nor those with the
highest cutaneous mechanoreceptor density (fingertip and face) (95).
Aristotle proposed that ticklishness depends on the skin’s delicacy;
however, the skin on the foot soles and the armpits is not the thinnest
(compare, for example, the eyelid) (96), and nonbony soft-tissue areas,
such as the lips or the breasts, are not among the most ticklish areas.

Over the years, alternative nonphysiological theories have been
proposed. Specifically, it was suggested that the most ticklish areas
are those most vulnerable in an arm-to-arm fight (53). Accordingly,
the armpits, sides, neck, and groin are ticklish, because an attack on
these areas could cause serious injury: An assault on the armpit
could damage the axillary artery, an assault on the sides could harm
the abdominal cavity, an assault on the neck could injure the carotid
arteries or trachea, and an assault on the inguinal region (i.e., groin)
could damage the femoral vessels (54) (see also question 5). How-
ever, this proposal was challenged because our hands and arms are
also vulnerable (e.g., an assault on our arm could injure the brachial
artery) but not ticklish body areas (50). In addition, it was proposed
that the ticklish areas might be the most erogenous (31), but this
proposal can also be ruled out (50) because our armpits are not
among the most sexually arousing body parts (97). Darwin pro-
posed that the ticklishness of certain body areas is related to how
frequently they receive external touch. He suggested that our arm-
pits and the area between our toes are not often touched by external
sources, explaining why touches to those areas are often perceived as
ticklish. In addition, he theorized that ticklishness might be con-
nected to the (a)typical patterns of touch we experience. For in-
stance, while our foot soles receive broad surface contact when we
walk and stand, this differs from the narrow finger stimulation that
causes tickling. However, this explanation might be quite simplistic
and not hold for other areas, as, as Darwin also noted, our buttocks
and back also receive broad stimulation when we sit but are not par-
ticularly ticklish. Although Darwin’s theory warrants formal testing

This is so ticklish!

Not ticklish there.
Why?
O

e

| hate it but | am laughing! @
Why?
-

My touch is not ticklish.
Why?

@ Sara is not ticklish at all.
Why?
O

Fig. 4. Five classic questions about gargalesis (tickle) we have no scientific answer to. Despite the intense philosophical debate over the past two millennia, gargale-
sis remains the most understudied somatic sensation in relation to pain, itch, and touch. Now, we do not know why our feet and armpits are reported as more ticklish than
other areas of our body (Q1: spatial specificity) and why some people enjoy being tickled, while others hate it, but they still laugh (Q2: affective value). Moreover, we have
not understood how our brain cancels the ticklishness of our own touches (Q3: agency) and why people vary in their sensitivity to tickle (Q4: interindividual differences).
However, the biggest mystery about gargalesis remains its function in humans, as well as across other species (Q5: function).
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in future studies, it should be evident that we now have no theory
that can satisfactorily explain this spatial “specificity” of gargalesis.

Question 2. Do we enjoy being tickled, and if not, why

do we laugh?

In Plato’s Philebus, Socrates describes ticklish sensations as ambiva-
lent, with elements of both pain and pleasure. Observations in in-
fants suggest that their experiences alternate between seemingly
positive states (e.g., seeking contact) and negative states (e.g., avoid-
ing contact) (54). Prolonged exposure to tickling can switch laugh-
ter to crying (2), and there are also reports of tickling being used as
a form of punishment or torture in World War II (98). Experimental
studies have also provided mixed results: Some indicate that overall,
people enjoy being tickled (84) and consider it a pleasant experience
(77), with some individuals even seeking it out or including it in
their sexual behavior (92). However, other reports suggest that only
one-third of the tested people (32% of 84 subjects) enjoy being tick-
led, while most either maintain a neutral impression (32% of 84 sub-
jects) or explicitly report not enjoying it (34% of 84 subjects) (49).
While more investigations with large sample sizes are needed to sys-
tematically assess whether tickle is positively or negatively valenced,
it raises an intriguing question: Given that we laugh when tickled,
does that not mean that we enjoy it?

As a social behavior, laughter can communicate distinct emo-
tions and have different connotations, ranging from happiness and
joy to even embarrassment and aggression (99, 100). Gargalesis is
likely the earliest trigger for laughter in life (99), as early as 24 weeks
of life (2), but research indicates that tickling laughter is more dis-
similar to joyful laughter than we may think. Specifically, tickling
laughter has different acoustic parameters (e.g., complexity and
pitch) (101), elicits a higher level of emotional arousal (99), evokes
different neural activation (102) and brain connectivity patterns
(103), and is perceptually distinct (84, 99) from joy laughter. These
findings support the view that gargalesis laughter might be a reflex-
like reaction to touch, similar to “crying while cutting an onion”
(51, 52), and might constitute the primitive version of laughter that
diversified later during evolution into socially complex emotional
laughter forms (102).

Question 3. Why are we unable to tickle ourselves?
Undoubtedly, gargalesis is difficult to self-induce, and an observa-
tional study in 1941 suggests that we are not able to tickle ourselves
already within the first year of life (2). Thirty years later, in 1971, a
formal experiment showed that adults feel the strokes on their foot
soles to be more ticklish when applied by another person compared
to themselves (15).

Integrating this phenomenon into his early theory of tickle per-
ception, Darwin proposed that to feel ticklish sensations, one must
be surprised about the body area that will be touched (104). In other
words, one cannot self-tickle because he/she knows beforehand
when and where the touch will be experienced. This relates to a well-
established computational theory of human motor control that pro-
posed that on each voluntary movement we perform, our brain uses
information from the motor signals to predict and suppress the self-
generated sensations (17, 105-108). Consequently, when touching
(or trying to tickle) our own body, the brain predicts and cancels the
resulting sensations, prioritizing the processing of external stimula-
tion such as those from our predators (17, 24, 105). In line with this,
numerous experimental studies showed reduced perceived intensity
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and/or ticklishness (80, 109-124) for self-generated touches com-
pared to externally generated touches, across a wide age range
(119, 120) and in the vast majority of people (98%, or 315 of 322)
(120). Similarly, neuroimaging studies revealed reduced activity
in the primary (125) and secondary (73, 126) somatosensory cortex
for self-generated compared to externally generated touches [see
(18, 21, 127-130) for analogous findings in other species]. Attenu-
ated cerebellar responses (73, 126) and increased functional cerebel-
lar connectivity with somatosensory areas (126) were also observed
during self-generated touches compared to external touches, in line
with the view that the cerebellum is engaged in this predictive at-
tenuation of touch (131-136).

To date, there is a general consensus that the most likely reason
we cannot tickle ourselves is due to this mechanism of attenuating
the perception of self-generated touches. However, all previous neu-
roimaging studies have either used nonticklish touches (e.g., forces
and taps) (73, 125, 126, 134, 135, 137) or applied light tactile stimu-
li on the participants’ palms to induce knismesis (73) rather than
gargalesis. Therefore, experiments using ticklish touch, in terms of
gargalesis, are needed to conclusively demonstrate that this attenua-
tion mechanism underlies self-tickle cancelation. Moreover, while
self-generated touch feels less intense than externally generated
touch, it generally feels not ticklish at all rather than just less ticklish
than external touch: For example, when we try to tickle our own
armpits, we do not experience any ticklish sensations. This suggests
that the perception of ticklishness might be more binary depending
on whether the touch is self-generated or externally generated (tick-
lish versus nonticklish), as opposed to the perception of intensity,
which can gradually vary in degree (stronger versus weaker).

Question 4. Why are some people very ticklish while others
are unresponsive?
The extent to which earlier gargalesis studies have accurately cap-
tured individual differences in perceived ticklishness is difficult to
assess. This is primarily due to the variability that manual tactile
stimulation inherently involves, which could contribute to percep-
tual variability: If every participant is touched differently, then the
perceived ticklishness will also vary between individuals. In addi-
tion, we lack studies with large sample sizes to assess overall differ-
ences in reported body ticklishness across the general population.
However, large individual differences in gargalesis are reasonable to
expect, as an earlier study reported that when receiving the same
automated tactile stimulation, one-third of the participants were
nonresponders, and one-third were strong responders (40).
Understanding the sources of these differences is an important
challenge because our tactile experiences extend beyond mere fea-
ture extraction of afferent signals produced by mechanoreceptors.
Instead, they result from a unique and complex mixture of factors,
ranging from trait-like genetic and physiological factors (95, 138-
140) to more transient psychological and cognitive states (141-143).
At the peripheral neural level, for example, it has been proposed that
people with smaller fingers have lower thresholds of tactile spatial
acuity (144) because the density of mechanoreceptors is likely higher
in smaller limbs (145, 146). Besides finger size, recent results have
further suggested that differences in skin stiffness affect how the
skin surface deforms during contact with objects and can explain
individual differences in tactile acuity (147). At the central neural
level, it has been proposed that individuals with larger somatosensory
resting state fluctuations have better tactile discrimination ability
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(148), while those with greater gray matter volume in early so-
matosensory areas have greater somatosensory sensitivity (149).
Although these findings relate to tactile acuity and not to ticklish-
ness, they illustrate that the perception of touch, and, by extension,
the perception of ticklishness, can vary between individuals due to
many factors.

It is also generally assumed that children are more ticklish than
adults. From a developmental perspective, it has been proposed that
this increased sensitivity might help children to develop their pro-
pensity for laughter, and, consequently, their sense of humor in their
later life (30), if one accepts a link between tickle and humor (see
also question 2). Moreover, being tickled might help juveniles learn
how to defend their bodies in physical fights later in life (54) (see
also question 5). Under this theory, children might have an in-
creased “appetite for tickling” due to their need to learn tactics for
self-defense. However, ticklishness differences between children
and adults could also stem from an increased thrill-seeking behav-
ior for touch in children rather than ticklishness per se (52). Last,
social perception research suggests that certain personality dimen-
sions, such as neuroticism or extroversion, can also influence how
we process touch (150, 151), and earlier research showed that par-
ticipants who rated themselves as more ticklish also reported laugh-
ing or crying more easily than others (30).

One should also consider that ticklishness may be state depen-
dent. Darwin suggested that one’s mind needs to be in “a pleasurable
condition” to experience ticklishness. In contrast, Francis Bacon
suggested that “men even in a grieved state of mind, yet cannot
sometimes forbear laughing” when tickled (52). An earlier study
aimed to test whether placing some subjects into a pleasant state of
mind by watching comedy films would increase their tickle respons-
es but found no effects. Being tickled also did not make participants
laugh more while watching the comedy clips (5I). Although these
results seem to contradict the impact of mental state, future studies
are needed to explore this relationship more thoroughly. In addi-
tion, longitudinal studies could provide insights into how changes in
mental state over time might influence gargalesis perception.

Question 5. Why do we experience tickle sensations?

Does tickle have a concrete function, or is it a by-product of other
tactile perceptions with no evolutionary advantage or disadvantage?
The function of gargalesis has been hotly debated for centuries, and
the question remains to the largest degree unresolved.

Tickling has been proposed to be essential for survival, repre-
senting a form of “mock battles” that prepare juveniles for warfare
by teaching them tactics and strategies for defending their bodies in
real fights (54). According to this theory, ticklishness serves as a way
to train young individuals to protect vulnerable areas of the body,
such as the armpits, neck, and groin, during fight simulations. Pro-
ponents of this view argue that tickling played a crucial role for our
ancestors (e.g., apes) and early humans, but as humans transitioned
from physical combat to the use of tools and weapons for self-
defense, learning warfare techniques through physical contact be-
came less substantial (54).

According to the social account, tickling is a playful behavior
that serves to foster bonds among partners, friends, and family by
establishing a “tactile communication channel” between the “tick-
ler” and the “ticklee” (29). It serves a similar social function for great
apes as it does for humans (29). Furthermore, it contributes to the
development of humor in infants (30) and transitions into sexual

Kilteni, Sci. Adv. 11, eadt0350 (2025) 23 May 2025

play in adulthood (31), carrying a sexual connotation (31, 92, 152,
153). Proponents of this view argue that gargalesis requires the in-
volvement of two people (29, 154) and relies on a specific social con-
text: Tickle sensations can only be induced by people with whom we
have close social relationships (29), while the same touch would
be perceived as unpleasant and nonticklish if applied by strangers
(54, 104).

Opponents of the social view emphasize that gargalesis triggers
stereotypical sensorimotor “reflex-like” startle responses (33), in-
cluding convulsive movements to evade the tickler. They argue that
if gargalesis were of a social nature, then it is paradoxical that we
instinctively move away from the tickling stimulus. Alternatively,
gargalesis might be a stimulus-sensitive sensation where neither the
social context nor the state of mind is critical (34). Accordingly, tick-
ling could serve to alert and protect our bodies from potentially
aversive stimuli, similar to other reflex responses.

An earlier study (34) aimed to contrast the social with the reflex
theory of tickle by testing whether participants’ laughter responses
differed between being tickled by a human and being tickled by a
human while believing they were being tickled by a “machine” The
study failed to observe any differences between the two conditions,
supporting the reflex view of gargalesis. However, the machine the
participants believed was tickling them was designed to look similar
to a human hand, thereby imposing an anthropomorphic context
[see also (82) for hand-shaped tickle devices]. To contrast the two
theories, future studies should test the strength of tickle sensations
when participants experience identical tactile stimulation but in dif-
ferent social contexts; for example, when the tactile stimulation is
delivered by a haptic machine that is thought to be controlled by
another human (e.g., a friend or a stranger) or when it is prepro-
grammed. Moreover, one should not exclude the possibility that
tickling sensations can be induced by a machine but are amplified
within a rich social context.

CONCLUDING REMARKS

The work discussed here illustrates both the challenges and expected
implications of studying human tickle perception. So far, experi-
mentation has been hindered by the lack of consensus in its defini-
tion, the absence of established experimental methods and measures,
and the resulting obstacle toward understanding the neural mecha-
nism of tickle. However, a promising message from this article is
that researchers can observe the complexity of tickle perception in
laboratory settings. New haptic technologies and advanced research
methodologies permit future studies to go further and enrich this
line of inquiry by developing experimental frameworks to investi-
gate tickle sensation. Moving forward, it is also critical that studies
acknowledge the dissociable relationship between knismesis (itch)
and gargalesis (tickle).

As highlighted here, there is still so much to know about the
mechanisms of tickling. First, it is fundamental for future studies to
understand the physical triggers of tickle sensations: What proper-
ties, conditions, and contexts render a touch to a tickle. From a
methodological and experimental design perspective, understand-
ing these triggers is necessary for effectively addressing the ques-
tions about tickle sensations in the lab. Second, a major goal of
future research will be to study the neural pathway of tickling from
the periphery to the brain, as well as how the brain cancels the tick-
lishness of our own touches (question 3). Understanding how our
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nervous system cancels the ticklishness of our own touches is es-
sential for understanding how the distinction between ourselves
and others is neurally implemented. This is critical, as there is evi-
dence that self-other distinction can be altered in certain clinical
conditions, such as schizophrenia. Third, it could be that identifying
the function of tickling (question 5) may ultimately depend on an-
swering other questions first: insights from ticklish body areas
(question 1), emotional responses (question 2), and individual dif-
ferences (question 4) could provide evidence—either supporting or
refuting—its proposed protective or social bonding function. To-
ward this direction, tickling is a behavior that would greatly benefit
from a close partnership between human and animal experimenta-
tion. Tickling behaviors share great similarities between humans
and great apes, and potentially other mammals, and animal and hu-
man researchers can work in synergy to answer the key question
about the evolutionary function of tickling.

To conclude, the field will greatly benefit from a qualitative
breakthrough, which can be achieved through research standardiza-
tion. We are therefore optimistic that new insights into this uncharted
territory of tickle research are on the horizon and that modern neu-
roscience will soon be able to provide explanations for what puzzled
Socrates, Aristotle, Erasmus, Bacon, Galileo, Descartes, and Darwin.
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