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Rough-and-Tumble Play

The Brain Sources of Joy

When children play, they exercise their senses, their intellect, their emotions,
their imagination—keenly and energetically. . .. To play is to explore, to dis-
cover and to experiment. Playing helps children develop ideas and gain experi-
ence. It gives them a wealth of knowledge and information about the world in
which they live—and about themselves. So to play is also to learn. Play is fun
for children. But it’s much more than that—it’s good for them, and it’s neces-
sary. . .. Play gives children the opportunity to develop and use the many tal-

ents they were born with.

CENTRAL THEME

When children are asked what they like to do more than
anything else, the most common answer is “to play!"
It brings them great joy. And roughhousing play is the
most fun of all, even though most investigators recog-
nize other types such as “object play” and “fantasy
play.” Although thousands of papers have been writ-
ten on the topic, play is still considered a frivolous area
of inquiry among most neuroscientists. Only recently
have some become interested in the underlying brain
issues. Now increasing numbers of investigators are
beginning to realize that an understanding of play may
reveal some major secrets of the brain and yield impor-
tant insights into certain childhood psychiatric problems
such as autism and attention deficit disorders (or
hyperkinesis, as it used to be known). It is now certain
that the brain does contain distinct neural systems de-
voted to the generation of roughhousing or rough-and-
tumble (RAT) play. Indeed, one of the best species for
systematic study of this behavior is the laboratory rat,
and practically all the work summarized here is based
on such play in rats. Although our knowledge about the
underlying PLAY systems remains rudimentary, RAT
play appears to be intimately linked to somatosensory
information processing within the midbrain, thalamus,
and cortex. Certain synaptic chemistries are especially
effective in arousing play (e.g., acetylcholine, glutamate,
and opioids), while others reduce playful impulses (e.g.,
serotonin, norepinephrine, and GABA), but neuro-
pharmacological studies tell us little about the adaptive
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function(s) of play. There is an abundant theoretical lit-
erature regarding these functions, comparable to that
found in dream research, but relevant data are decid-
edly scarce. The description from a leaflet in a box of
Lego® toys says it all. Now it is necessary to judge the
various possibilities with rigorously conducted experi-
ments. Fortunately, roughhousing PLAY systems appear
to be conserved in the brains of many mammalian spe-
cies, and we should be able to obtain a credible answer
to the functional questions, even for humans, by care-
fully analyzing animal models. We anticipate that play
will be found to have many beneficial effects for both
brain and body, including the facilitation of certain kinds
of learning and various physical skills. Most important,
play may allow young animals to be effectively assimi-
lated into the structures of their society. This requires
knowing who they can bully, and who can bully them.
One must also identify individuals with whom one can
develop cooperative relationships, and those whom one
should avoid. Play probably allows animals to develop
effective courting skills and parenting skills, as well as
increasing their effectiveness in various aspects of ag-
gression, including knowledge about how to accept
defeat gracefully. It seems that most of the basic emo-
tional systems may be recruited at one time or another
during the course of play, and in higher organisms, play
may encourage organisms to test the perimeters of their
knowledge. In short, the brain's PLAY networks may
help stitch individuals into the social fabric that is the
staging ground for their lives. Is it any wonder, then,
that play is such fun—perhaps one of the major brain
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sources of joy? Itis sad that play research has not been
of greater interest for neuroscientists, but perhaps that
is because they are having great fun working on the
minutest details of the most trifling problems (or so it
may seem to outsiders). However, it is often there,
among the fine details of nature, that scientists find
startling things that can move heaven and earth. This
is what Einstein did when he imagined what it would
be like to ride a beam of light, and he remained men-
tally young and playful throughout his life. Perhaps
the modern search for the mythological “fountain of
youth” should focus as much on the neurobiological
nature of mental youthfulness and play as on ways to
extend longevity.

Conceptual Background for the Neural
Sources of Ludic Urges

A great deal of joy arises from the arousal of play cir-
cuits within the brain. Although this is a reasonable
assertion, it can only be a supposition until the identity
of play circuits has been more completely revealed by
brain research. That play is a primary emotional func-
tion of the mammalian brain was not recognized until
recently, but now the existence of such brain systems
is a certainty. For instance, juvenile rats will exhibit
roughhousing or RAT ludic behaviors (from ludare,
meaning “to play”) even if they have been prevented
from having any prior play experiences during earlier
phases of development. Just as most young birds fly
when the time is ripe, so do young mammals play when
they have come of age. Young rats start to play around
17 days of age, and if denied social interaction through-
out the early phases of psychosocial development (e.g.,
from 15 to 25 days of age), they play vigorously as soon
as they are given their very first opportunity.'

Thus, the impulse for RAT play is created not from
past experiences but from the spontaneous neural urges
within the brain. Of course, a great deal of learning
probably occurs during the course of roughhousing
play, but this is ultimately the result of spontaneously
active PLAY impulses within specific circuits of the
brain, some of them in ancient parts of the thalamus,
which coax young organisms to interact in ludic ways
on the field of competition. It may well be that various
neuronal growth factors are recruited during play (see
Chapter 6), but evidence at such molecular levels of
analysis remains nonexistent.

Although we presently have little detailed knowl-
edge about the underlying brain mechanisms of play,
rigorous psychobiological experiments are finally being
conducted. We now have the empirical and conceptual
tools to identify the primal circuits that lead animals to
play. This work may eventually yield a neural under-
standing of what it means for humans to experience joy,
or at least one of the most intense forms of joy. This
work will also eventually reveal the true adaptive na-
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ture of play, but for the time being our ignorance re-
mains vast, especially since it is hidden by an abundance
of compelling theories propounded liberally by psy-
chologists and others, without sufficient evidence.

Although play reflects genetically ingrained ludic
impulses of the nervous system, it requires the right
environment for full expression. For instance, fear and
hunger can temporarily eliminate play.? In most mam-
mals, play emerges initially within the warm and sup-
portive secure base of the home environment, where
parental involvement is abundant. Jane Goodall de-
scribed the sequence of events as play first unfolds in
chimpanzees: “A chimpanzee infant has his first expe-
rience of social play from his mother as, very gently,
she tickles him with her fingers or with little nibbling,
nuzzling movements of her jaws. Initially these bouts
are brief, but by the time the infant is six months old
and begins to respond to her with play face and laugh-
ing, the bouts become longer. Mother-offspring play is
common throughout infancy, and some females fre-
quently play with juveniles, adolescents, or even adult
offspring.”? The role of the mother in guiding the play
and initial social interactions of young children is evi-
dent in humans, and such trends are evident even in
rats.* In many species, fathers seem less playful and less
socially tolerant than mothers, but humans may be
an exception, perhaps partially because of cognitive
mediation. In any event, it is now clear that the most
vigorous play occurs in the context of preexisting so-
cial bonds. As discussed in the previous chapter, it is
not unusual in nature for social bonds to be stronger
between infants and their mothers than their fathers,
who all too commonly exhibit little enthusiasm for
nurturance.

Thus, contrary to conventional wisdom, it may be
that females of most species remain more playful than
males (at least in friendly, nonharmful ways) as they
approach adulthood. As we will see, the prevailing
notion that males intrinsically have stronger play ten-
dencies’ is certainly not justified for rats, and we should
doubt it for other species until well-controlled studies
have been conducted. The larger size and stronger com-
petitive/aggressive urges of males may make their play
rougher, so that social reinforcement of victory makes
them appear more playful during the later stages of
juvenile life. However, this difference may reflect the
drive to attain dominance (which may, of course, be-
come integrally associated with PLAY circuits), rather
than elevated neural impulses for vigorous and joyful
social interaction.

The stronger urge for social dominance in males
(which is only one component of RAT play) may have
incorrectly led to the widespread supposition that rough-
housing play impulses are more intense in males than
in females. For instance, in huinans, the apparent height-
ened male enthusiasm for rough sports may be due as
much to their biologically and socially based “power
needs” as to any intrinsic differences in the arousability
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of their basic PLAY circuits. This is affirmed by the fact
that the recent liberalization of sports policies in
America has led to a stupendous growth in female par-
ticipation in competitive sports. In any event, the ex-
tent to which human enjoyment of sports emerges from
activities of primal PLAY circuits will be an important
(but yet unresolved) question for us to consider.

Overview of the Experimental Analysis
and Sources of Play

In most primates, prior social isolation has a devastating
effect on the urge to play. After several days of isolation,
young monkeys and chimps become despondent and are
likely to exhibit relatively little play when reunited.5
Apparently, their basic needs for social warmth, support,
and affiliation must be fulfilled first; only when confi-
dence has been restored does carefree playfulness return.’
Laboratory rats, on the other hand, deviate markedly from
this general pattern and thereby provide a useful model
for the systematic analysis of play mechanisms within
the brain. Laboratory rats show a greater emotional equa-
nimity in coping with social isolation as compared to
many other mammals (see Figure 2.1). Also, as empha-
sized in the previous chapter, the social-bonding mecha-
nisms in laboratory rodents are comparatively weak.
Perhaps for this reason, isolation housing does not readily
produce obvious depressive responses in laboratory
rats and mice.® Thus we can take advantage of social-

deprivation variables to control levels of playfulness.
Prior social isolation systematically increases roughhous-
ing play in juvenile rats, while social satiation system-
atically reduces it (Figure 15.1).°

The facilitation of play in rats by prior isolation is
due not simply to social deprivation itself but to the
specific effects of play deprivation. If one houses ani-
mals together in the tight confinement of a “jungle gym”
type of living environment where they cannot readily
roughhouse, they show abundant play in an open play
arena. Likewise, if one houses juvenile rats with adult
animals that are not very playful, they will play with
other juveniles as intensely as if they had just emerged
from total isolation.!® In any event, with the use of prior
social deprivation, RAT play can be analyzed efficiently
in the laboratory. The systematic nature of the results
again affirms that the urge to play is an intrinsic func-
tion of the mammalian nervous system.!'

Although there is substantial diversity in the specific
play patterns exhibited by different mammalian species,
the evolutionary roots probably go back to an ancient
PLAY circuitry shared by all mammals in essentially
homologous fashion. It is also possible that creatures
other than mammals (especially birds) exhibit social
play, but avian play is less predictable and hence harder
to study.'? Accordingly, the present discussion will be
restricted to mammals, although the evolutionary roots
may well go back to an era predating the divergence of
mammalian and avian lines more than a hundred million
years ago (see Appendix A). Once we understand the
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Figure 15.1. Ontogeny of play in socially isolated and socially housed laboratory rats.
(Adapted from Panksepp, 1981; see n. 18). The pinning measure is depicted in Figure 15.2.



neural circuitry of mammalian play, it should be easier
to determine whether birds have homologous brain
mechanisms, or whether their seemingly playful behav-
iors emerge from different types of neural systems.

Before discussing the most basic form of play—
namely, roughhousing play—it should again be empha-
sized that several distinct forms are widely recognized
in human research. Human play has been divided by
social and developmental psychologists into explor-
atory/sensorimotor play, relational/functional play,
constructive play, dramatic/symbolic play, and games-
with-rules play, as well as RAT play, of course.!? This
last form, rough-and-tumble play, is presently easiest
to study in animal models, but except for a few outstand-
ing pieces of work, it has received the least attention in
human research.™ This is understandable, for rough-
housing is boisterous and often viewed as disruptive and
potentially dangerous by adults. Of course, kids love it
(it brings them joy), and animals readily learn instru-
mental responses to indulge in it.13 This is the main form
of play that other mammals exhibit, and it remains pos-
sible that the relatively solitary motor play of many
herbivorous animals, such as running, jumping, pranc-
ing, and rolling, emerges from the same basic PLAY
urges that control roughhousing play between young
animals. Unfortunately, there is no neurological evi-
dence yet that allows definitive conclusions.

Although human play has been extensively taxono-
mized, it is still worth contemplating to what extent the
various forms are merely higher elaborations (cultur-
ally derived, as well as higher neuroevolutionary vari-
ants) on a single primal theme: Are there multiple ex-
ecutive circuits for play in the human brain, or do they
all reflect manifestations of a single underlying PLAY
system of the mammalian brain? Until demonstrated
otherwise, we should be parsimonious and subscribe to
the single command-circuit alternative.

Just as each basic mammalian emotion can be ex-
pressed in many ways in human cultures—including
dance, drama, music, and other arts—arousal of a single
basic ludic circuit could add “fun” to the diversity of
playful activities. In other words, PLAY impulses that
are processed through the higher cognitive networks of
the human cortex (i.e., via social constructions) may
result in many seemingly distinct forms of human play.
The common denominator for all, however, may arise
from basic neuronal systems that were originally de-
signed to generate RAT ludicity. Indeed, it is a testable
proposition: Once we unravel the details of RAT PLAY
circuits, their role in other forms of play can be evalu-
ated. Accordingly, let us briefly entertain ways in which
play diversity in humans may emerge from the “sim-
plicity” of a single system.

Perhaps, in humans, the source energy for rough-
housing play can be channeled voluntarily into a large
variety of distinct activities. At times humans simulate
playfulness and thereby attempt to evoke ludic feelings
indirectly through pretenses. For instance, children like
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to stage various skits and shows, but as they attempt to
perform seriously, all too often they simply end up gig-
gling in glee. Perhaps the culturally sanctioned playful
expressions, such as dancing, remain emotionally hol-
low until the ancient circuits of playfulness—affectively
characterized by “lightness,” “joy,” and “flow”—are
recruited?

Through their attempts to voluntarily activate the
natural ludic mechanisms of the brain, humans may
achieve totally new forms of playfulness (including
various games, toys, and dramatic and linguistic de-
vices). In this context, it should be remembered that
each basic emotional system can energize a number of
distinct behavioral options, and perhaps PLAY systems
help generate a diversity of emotional behaviors upon
which learning can operate. It must also be noted that
playfulness in humans can eventually be expressed in
symbolic ways, which may be largely linguistic, such
as puns, joking, and verbal jibes, that lead to a great deal
of mirth and laughter.

A discussion of the functions of play will be re-
served for a later section, but here I will anticipate the
main conclusion. PLAY circuitry allows other emo-
tional operating systems, especially social ones, to be
exercised in the relative safety of one’s home environ-
ment. Play may help animals project their behavioral
potentials joyously to the very perimeter of their
knowledge and social realities, to a point where true
emotional states begin to intervene. Thus, in the midst
of play, an animal may gradually reach a point where
true anger, fear, separation distress, or sexuality is
aroused. When the animal encounters one of these
emotional states, the playful mood may subside, as the
organism begins to process its predicaments and op-
tions in more realistic and unidimensional emotional
terms. In human children this may often consist of
running to mother in tears, with complaints about the
injustices they have encountered to see what type of
social support and understanding (i.e., kin investment)
they might be able to muster.

Finally, as will be discussed more fully later in this
chapter, play and exploratory systems (i.e., of the type
discussed in Chapter 8) appear to be distinct in the
brain. Although these concepts are often combined in
human research,! as if they reflected synergistic pro-
cesses, they appear to be independent and at times
mutually exclusive. For instance, psychostimulants
such as amphetamines, which invigorate exploratory
activities, markedly reduce play behaviors.!” Indeed,
when placed in new environments, animals typically
exhibit strong exploratory activity with little tendency
to play until they have familiarized themselves with
the new surroundings.

In sum, we now have highly effective laboratory
procedures to analyze the neural substrates of RAT play.
A straightforward experimental approach will surely
yield more important insights into the nature of this
phenomenon than any armchair theorizing of the type
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highlighted in the description of children’s play at the
beginning of this chapter.

A Description of
Rough-and-Tumble Play

It is difficult to capture the dynamic image of real-life
play in words. But the overall impression given by prac-
tically all mammals is a flurry of dynamic, carefree ram-
bunctiousness. In rats, one sees rapid spurts of activity,
toward and away from a play partner. Sometimes one
animal “bowls” the other animal over, which leads to a
flurry of playful chasing. In turns, the animals pursue
each other, with rapid pivoting and role reversals. Ani-
mals often pounce on each other’s backs as if they are
soliciting vigorous interaction; these “dorsal contacts”
can be easily quantified and have been commonly used
as an explicit measure of play solicitations (Figure 15.2).
Sometimes the dorsal contacts do not yield reciprocation,
instead ending up as prolonged bouts of dorsal groom-
ing. At other times, the recipient of play solicitations
responds by either running away or twisting laterally; an
apparent bout of wrestling ensues, in which one animal
winds up on its back with the other animal on top. This
“pinning” posture can also be easily quantified (Figure
15.2) and is the clearest measure of the consummatory
aspects of play. If animals are allowed to play on an ac-
tivity platform, one can also obtain an overall measure
of RAT activity. There are surely many other ways to
monitor play, and each of these measures can be sub-
categorized. For instance, most pins are of short dura-
tion, occurring in the midst of ongoing “wrestling”
matches, while others are more prolonged, often signal-

DORSAL
CONTACTS

Figure 15.2.
Two major
play postures
that are used
to quantify
rough-and-
tumble play.

ing the end of a play bout. Dorsal contacts can be strong
or sustained, or made passingly as one animal bounds
leapfrog-style off another. The precise details of play
episodes vary widely among different mammalian spe-
cies, but the general flavor remains the same—one of
joyful social exchange with a strong competitive edge.
It may come as a surprise to some, but young rats given
no other ludic outlets love to be tickled by and play with
a frisky human hand.

RAT play in most species exhibits a characteristic
developmental time course, with the amount of play
increasing during the early juvenile period, remaining
stable through youth, and diminishing as animals go
through puberty (see Figure 2.1).1¥ We presently know
essentially nothing about the neurobiological factors
that control this inverted U-shaped developmental func-
tion. Presumably it is related to aspects of brain matu-
ration, as well as neurochemical shifts that occur dur-
ing development.!®

Play dominance clearly emerges if two rats are al-
lowed to play together repeatedly.?® After several play
episodes, one rat typically tends to become the “win-
ner,” in that it ends up on top more often during pins.
On the average, the split is that the winner ends up on
top about 70% of the time, while the “loser” achieves
less success, but the continuation of play appears to
require reciprocity and the stronger partner’s willing-
ness to handicap itself. If one animal becomes a “bully”
and aspires to end up on top all the time, playful activ-
ity gradually diminishes and the less successful animal
begins to ignore the winner. There are reasons to be-
lieve that similar dynamics are present in human ver-
bal play, which is a common way for folks to get to
know each other and to best each other.




As might be expected, body weight is an impor-
tant factor in dictating which animal of a pair becomes
the winner, as is neurochemical activity.?! With regard
to weight, approximately a 10% weight advantage, just
like in human boxing and wrestling, is sufficient to
give a statistical edge to the heavier combatant (we
are here ignoring the more complex issue of physical
strength, not to mention psychological “strength,”
which as we will see is partly opioid-mediated). Neuro-
chemically, if one animal of a play pair is given a small
dose of an opiate agonist such as morphine and the
other is given a small dose of an opiate antagonist such
as naloxone, all other things being equal, the animal
receiving morphine always becomes the winner (Fig-
ure 15.3). A similar effect is seen in vehicle-treated
rats pitted against naloxone-treated ones, but a mor-
phine-treated animal does not invariably win against
controls.?? These effects suggest that brain opioids
control social emotionality, so that without brain opio-
ids an animal tends to feel psychologically weaker,
causing it to lose because it is more prone to experi-
ence negative feelings such as separation distress, as
discussed in the previous chapter. To the contrary,
control animals as well as morphine-treated ones may
prevail because they experience heightened social
confidence, a feeling of psychological strength that
presumably emerges from the neurochemical corre-
lates of social bonding.

Of course, there are alternative explanations for
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these effects, as there are for all the findings of sci-
ence (see Figure 2.3). For instance, opiate receptor
antagonists may reduce or eliminate the opioid-medi-
ated reinforcing pleasure of social interaction, while
opiate agonists enhance such forms of reinforcement.
Also, it is possible that the opiate antagonists make
some playful blows more painful, while morphine
dulls those play-reducing sensations. Surely, if the
scrapes of life become less painful, animals should
play more. In any event, the play-dominance effects
of opioid manipulations are remarkably clear-cut in
animals that begin receiving these agents at the outset
of their mutual play experiences (Figure 15.3). The
fact that it takes some time for the full manifestation
of the effects suggests that social learning promotes
the emergence of the dominance asymmetry. However,
if social dominance has already transpired prior to the
neurochemical manipulations, play-dominance pat-
terns do not shift readily. Indeed, past social learn-
ing is a powerful force in all social encounters. On
the basis of this simple fact, one must again wonder
whether some of the effects that have been widely
disseminated in the literature, such as the oft-reported
sex differences in play whereby males supposedly
exhibit more RAT play than females, merely reflect
assertiveness biases that have emerged from prior so-
cial learning based on body weight and strength asym-
metries between the sexes. Persuasive data are pres-
ently not available on this issue.
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Play and Aggression

RAT play in animals is often called play-fighting, and
some believe it is little more than the juvenile expres-
sion of certain types of aggressive activity—for in-
stance, intermale aggression. Although RAT play often
has the outward behavioral hallmarks of aggressive
fighting, a formal behavioral analysis indicates that the
behavioral sequences exhibited during real fighting and
play are remarkably different.?3 Resemblances between
the two are only superficial. For instance, serious ag-
gressive postures are rarely seen in play-fighting. In a
real fight, rats often exhibit boxing, consisting of stand-
ing on their hind paws and paddling each other with
their front paws, as well as laterally directed aggressive
postures called “side-prancing,” commonly accompa-
nied by piloerection. These postures essentially never
occur during social play. Sometimes play does end up
in real fighting, but then the signs of behavioral ram-
bunctiousness (frantic hopping, darting, and pouncing)
immediately cease.?* A behavioral tension emerges as
RAGE and FEAR systems are presumably activated.
Moreover, true aggression and play follow differ-
ent rules and are differentially sensitive to a variety of
experimental manipulations: (1) In real intermale domi-
nance fights, all other things being equal, the resident
animal is invariably the winner if the behavioral test is
conducted in the home territory of one of the animals.
This is not the case during play-fighting.?S (2) During
play there are no sustained defensive postures in which
one animal lies on its back while the other sustains a
menacing top position for extended periods (i.e., thus,
pins during play move along more gracefully and rap-
idly). (3) Play-fighting is a positive reward for both
participants. The winners and the losers of previous play
fights readily learn instrumental tasks, such as making
an appropriate choice in a T-maze, in order to gain the
opportunity to play together again, and they both run
toward the opportunity to play with equal speed. The
only difference is that the winners barge quickly into
the play box, while the so-called losers are a bit more
hesitant in making their entry into the play arena.26 (4)
Testosterone, which is quite powerful in promoting
aggressive dominance, has relatively little effect except
that in some pairs it reduces play-fighting.?’ In animals
that exhibit reductions in play following several days
of testosterone treatment, it seems that the play bouts
quickly become too aggressive. When this occurs, the
behavior loses its “carefree” quality, and overall play-
fulness becomes inhibited. (5) Highly specific antiag-
gressive drugs such as fluprazine and eltoprazine, which
can markedly reduce various forms of fighting (see
Chapter 10), do not clearly reduce play and in some
instances appear to increase playful interactions.?8
Although there are bound to be continuities between
the skills learned during play-fighting and eventual
adult dominance abilities, there is presently no clear

evidence for powerful continuities in the executive brain
mechanisms of roughhousing play and adult forms of
aggression. The two seem to have distinct motivational
substrates, although it remains possible that the play
circuits of juvenile stages of development may take on
a more adultlike luster as animals mature. Similarly, in
humans, we see childhood play fading into ritualized
dominance sports such as football or basketball.

Itis unlikely that professional football or other sports
require the participation of PLAY circuits in adult hu-
mans, but the quality of performance is probably in-
creased when such circuits are aroused. On the other
hand, it is possible that few spectators would consider
professional sports to be fun were it not for the exist-
ence of PLAY circuits in their brains that are vicariously
aroused by observation of play activities in others. Pro-
fessional wrestling may be especially attractive to cer-
tain audiences because its choreography closely re-
sembles the instinctual expressions of RAT play in
humans.

Another dimension of sports that deserves attention
is the possibility that it is an institutionalized way to
dissipate intermale aggressive energies that might other-
wise cause chaos in peaceful societies. Keeping “warrior
energies” constrained within the guise of playfulness
may help reduce the level of violence in peacetime.
Indeed institutionalized forms of play, such as profes-
sional sports, have become big business around the
world. This development casts a new and sometimes
dark shadow over the spontaneous expressions of emo-
tionality that should characterize the playing field.

Although there is still a great deal of joy and despair
among those participating in professional sports, with
spectators being overcome by waves of positive and
negative emotions as the fortunes of their teams wax
and wane, the new economic dimensions of professional
sports have made us realize that in humans, games are
simply no longer what evolution meant them to be.
Instead of exercising various skills and having a good
time, institutionalized play has become the arena for
demonstrating one’s acquired and aggressive skills.
Although I do not dwell on such issues in this book, it
is obvious that cultural forces in human societies have
the ability to change emotional forces into new entities,
both beautiful and horrific.

In sum, it seems evident that PLAY circuits are largely
independent of aggression circuits, even though during
development they may eventually contribute to the
intermale types of aggression that were highlighted in
Chapter 10. It is certainly possible that PLAY systems
contribute to social dominance urges, which may help
explain our love of rough professional sports, where such
issues are paramount in the minds of players and specta-
tors alike. Also, since sports provide the opportunity for
expressions of symbolic dominance, it is little wonder
that they are accorded such high esteem in our society,
even by administrators of so many universities.



The Varieties of Play and Laughter,
Especially in Humans

Humans are a uniquely playful species. This may be due
in part to the fact that we are neotenous creatures who
benefit from a much longer childhood than other spe-
cies. For instance, our childhood and adolescence con-
stitute about 20% of our life span, which is comparable
to other great apes. However, the corresponding pro-
portion for other primates is generally less than 10%;
in dogs, cats, and rats, it typically approaches 5%. An-
other feature that adds to the complexity of our play-
fulness is the simple fact that our play instincts are
modified so markedly by our cognitively focused higher
brain areas. Although cortical processes surely add a
great deal of diversity to our playful behaviors, espe-
cially as we develop, it is unlikely that the primal brain
“energy” for playfulness emerges from those higher
brain functions. These energies probably emerge from
the same ancient executive systems that govern RAT
play in other species. As those primitive playful im-
pulses percolate through the brain, they assume new
forms ranging from slapstick humor to cognitive mirth.
Indeed, the hallmark of PLAY circuitry in action for
humans is laughter, a projectile respiratory movement
with no apparent function, except perhaps to signal to
others one’s social mood and sense of carefree cama-
raderie.?® Some believe laughter is uniquely human, but
we would doubt this proposition.

Ethologists have long distinguished two general types
of happy or friendly faces: the social smile and laughter.
The smile, with its prominent baring of teeth, probably
harks back to ancient mammalian threat displays.*° For
instance, many creatures exhibit bare-toothed hissing in
response to potential threats. In a social context, this may
communicate that one possesses quite a dangerous set of
teeth and is potentially willing to use them. No doubt,
the probable evolutionary adaptation behind the display
is that the potentially tense situation will require no fur-
ther action if one smiles. The human smile may have
evolved from such preexisting old parts to communicate
that one is basically friendly but quite capable of deal-
ing with any difficulties that may arise. Laughter, on the
other hand, seems to have emerged largely from a dif-
ferent brain system; as some have cogently argued, it may
emerge from PLAY motivation.

In children, laughter occurs most commonly in play-
ful situations. Indeed, an openmouthed display charac-
terizes the most intense forms of human laughter, and
similar gestures are used as signals for play readiness
in other species such as chimpanzees and dogs. Also,
the rhythm of laughter has an outward resemblance to
the rhythmic kicking and thrashing commonly seen
in the roughhousing play of many mammals. Although
we commonly associate the presence of laughter with
the punch line of a joke, making it functionally similar
to the pin position that is the terminal component of a
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RAT play episode, laughter certainly does not require
much cognitive complexity. Physical tickling is one of
the easiest ways to provoke laugher in young children;
indeed, this response can be induced in infants within
the first half year of life, even though it appears to be
preceded by a period in which there is a strong tendency
to smile in response to social interaction, starting at
about4 months of age.*! A cyclical pattern, resembling
laughter, with respiratory panting and grunting vocal-
izations can also be induced in chimpanzees and goril-
las by tickling, and we have recently discovered a seem-
ingly homologous process in young rats.

To evaluate whether rats laugh, we took a simple tickl-
ing approach. Listening in to the ultrasonic frequency
range at which rats communicate, we rapidly found that
friendly tickling induced very high-frequency chirping
at about 50 KHz. This response could be provoked more
effectively when the tickling occurred at the nape of the
neck, where animals normally solicit play, than on the
rump, and full body tickling was most effective of all
(Figure 15.4). Animals that had been deprived of social
contact from weaning at 24 days of age through puberty
exhibited more chirping to tickling than littermates that
had been allowed two play sessions each day through
this interval. Also, the amount of playfulness in these
animals correlated highly with the amount of tickling-
induced “laughter,” but while play declined with age,
tickling effects did not (Figure 15.4). Tickling was a
positive incentive for our animals: They would seek out
this kind of stimulation and would rapidly begin to chirp
to cues associated with tickling. If this vocalization
pattern is truly homologous to basic human laughter,
we may come to understand human joy by studying the
circuits that generate such vocalization in rats.??

Apparently, laughter is not learned by imitation,
since blind and deaf children laugh readily.? The abil-
ity to laugh precedes one’s ability to comprehend the
point of a joke; a great deal of children’s laughter typi-
cally occurs in free play situations rather than in re-
sponse to verbal jests. It is reasonable to suppose that
the sources of human laughter go back to ancient so-
cial engagement systems that first mediated mamma-
lian playfulness.

Laughter may now be one signal for victory within
playful social encounters as the philosopher Thomas
Hobbes argues,?* just as being in the top position dur-
ing pinning in RAT play is the preferred physical posi-
tion (Figures 15.2 and 15.3). Indeed, this is the dark side
of laughter, for it often occurs in response to seeing
others hurt, humiliated, or embarrassed, and it indicates
a recognition of the victim’s slapstick predicament
coupled with the feeling that one has been psychologi-
cally luckier and perhaps even smarter than the poor sod
who is the brunt of some misfortune. In competitive
playful encounters in humans, laughter is invariably
exhibited more by victors than by losers. Likewise, the
perpetrator of a practical joke is much more likely to
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Figure 15.4. Mean (+SEM) levels of chirping in 44- and 89-day-old rats as a function of
social history and the area of the body tickled. The animals had been weaned and individu-
ally housed at 24 days of age, and half the animals (socials) had received two 0.5-hour
play sessions each day through puberty (50 days of age), while the others (isolates) had no
opportunities for social interaction. Testing occurred in both groups following 48 hours
without social interaction. Pinning and dorsal contacts during a 2-minute play session on
an adjacent day are also provided. (Unpublished data, Panksepp & Burgdorf, 1997.)

laugh than the recipient. Groups of humans also often
laugh together (it is infectious); this may help cement
group solidarity, which is another popular view of the
function of laughter.

Neurologically, laughter emerges from primitive
subcortical areas of the brain as indicated by the types
of brain damage that are correlated with pathological
laughter. One disease process that can release impul-
sive laughter is amylotrophic lateral sclerosis (ALS), a
demyelinating disease that affects the brain stem. An-
other is gelastic epilepsy, which is accompanied by
bouts of laughter. Individuals with such a brain disor-
der can exhibit strong motor components of mirth with-
out any accompanying experience of happiness. Al-
though the victims of such disease processes look happy
when they are spontaneously smiling and laughing, they
often report no associated positive affect.>> Most in-
terestingly, such individuals typically exhibit pathologi-
cal crying during earlier phases of the disease, again
without any accompanying feeling of sadness. Not only
does the onset of pathological crying typically precede
the onset of laughter during the development of ALS,
but the crying seems to emerge from lower levels of the
neuroaxis than does the laughter.3¢

The apparent neural relationship between these two
motor displays suggests that laughter and crying are
intimately related in the brain, although the ability to
cry appears to have preceded the ability to laugh in brain
evolution. In other words, separation-distress mecha-
nisms, and social-bonding ones, may have been essen-

tial prerequisites for the evolution of laughter. From
this, one might suppose that the evolution of the social
bond, and the consequent ability to cry, may also have
been social prerequisites for the evolution of play. If
so, we might suppose that both play and laughter still
serve social-bonding functions, thereby helping to dis-
criminate friends and family from strangers. Indeed,
reunion “rituals” in chimpanzees, especially after long
separations, are typically characterized by a lot of hoot-
ing, howling, and touching.?” Also, in this context, it
should be recalled that the preeminent sensory system,
which both provides comfort after separation and most
readily provokes play, is touch. Thus, in evolution, the
pleasure of touch may have established a neural frame-
work for the emergence of play.

Of course, in humans, play impulses can be mani-
fested in many ways. As individuals mature, a great deal
of human play may come to be focused on verbal inter-
change. The persistent verbal repartee that often charac-
terizes nonserious interactions, such as teasing (e.g.,
when humans “rib” each other), seems to have the out-
ward characteristics of dorsal contacts and pinning. One
tries to arouse the other individual with some provoca-
tion, at times even sharp and biting comments; then, if
others respond, there is often a desire to “sock it to
them” with an especially clever response. If success-
ful, this tends to yield peals of laughter among the young
and chuckles among the elderly. This type of repartee
may be repeated many times, with each individual try-
ing to best the other—to be cleverest—until it is clear



that one is prevailing or until each is satisfied that he
or she is a match for the other. Presumably, when that
happens, the individuals have a high potential to estab-
lish a special respect and friendship. If one verbally
“pins” the other too insistently, the relationship will
probably be different, with a much greater sense of
dominance and submission asymmetries, which may
decisively guide future interactions. Perhaps this is one
reason most humans are better talkers than listeners—
humans are more likely to feel that they have prevailed
if they sustain a high level of output instead of “wast-
ing” time attending to inputs.

Such bonding and social-stratification functions of
play and laughter are also especially evident in institu-
tionalized sports. Perhaps for similar reasons, our cul-
ture has formalized “roasting” as a special occasion for
individuals to exhibit their well-honed playfulness and
dominance skills toward people they like. Apparently,
the manifestations of PLAY circuitry have permeated
human cultures and, perhaps, a great deal of higher brain
organization.

Obviously, it would be presumptuous to reduce
human playfulness to the operation of a single primi-
tive system that controls RAT play in other animals. Too
many layers of neural complexity have been added
to the original PLAY instigation systems. In a hier-
archically controlled structure like the brain (see Fig-
ure 2.2), each level of control has some consequences
for the form of the final output. To use an analogy from
physics, evidence about the basic emotional systems
resembles our general knowledge of atomic structure,
which constrains but does not readily allow us to
predict the complexity of molecules and man-made
materials that can be constructed from those basic struc-
tures. However, as we accept the complex reality of
playfulness and other emotions in humans and their
societies, an adequate analysis of the lower levels that
we share with animals is essential for a satisfactory
understanding of the complex manifestations that the
higher levels permit. Thus, I will assume that the neu-
ral mechanisms of RAT play will ultimately prove
illuminating for understanding play and joy in humans.
It may also help us better understand certain childhood
problems such as autism and attention deficit, hyper-
activity disorders (ADHDs).*® In any event, it is re-
markable that the existence of this brain system has not
yet been generally accepted in either neuroscience or
psychology.

The Somatosensory Control of Play

Since RAT play ultimately emerges from powerful
endogenous neural activities of the brain that interact
with many forms of learning, it is especially difficult
to study comprehensively. The motor features of RAT
play are so complex that it is hard to imagine how one
might trace the source mechanisms in a systematic
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manner. One approach is to consider that play is a so-
cially contagious process. When playful urges arise in
one animal, they seem to “infect” other animals via
some type of sensory-perceptual influence. Accord-
ingly, a reasonable question to ask would be: Which
sensory systems are most important for social play?
Studies that have selectively eliminated individual sen-
sory influences clearly indicate that, at least in rats,
neither vision nor olfactory senses (including vibrissae)
are necessary for the generation of normal play. One
can eliminate any one of these senses without reducing
the overall amount of RAT play, even though the exact
patterning of play has not yet been carefully analyzed
in such animals. The auditory system contributes posi-
tively to play to some extent, since deafened animals
play slightly less, and rats do emit many 50-KHz laugh-
ter-type chirps both during play and in anticipation of
play.3* However, the premier sensory system that helps
instigate and sustain normal play is touch.

Indeed, certain parts of the body surface are more
sensitive to play-instigation signals than others. This has
been established by anesthetizing various zones of the
body (Figure 15.5). Local anesthetization of the neck
and shoulder area is highly effective in reducing the
level of playful pinning in young rats, even though the
motivation for play, as measured by dorsal contacts, is
not reduced.*? A substantially smaller effect on pinning
is obtained if the anesthetic is applied to the rump, and
no effect is evident if it is applied to either rostral or
caudal areas of the animal’s ventral surface, or when it
is injected systemically. These findings correspond
nicely to the tickling results summarized in Figure 15.4.
This suggests that rats have specialized skin zones that
send play signals into the nervous system when they are
touched. In other words, mammals appear to have “play
skin,” or “tickle skin,” with specialized receptors send-
ing information to specific parts of the brain that com-
municate playful intentions between animals. Obvi-
ously, humans also have tickle skin. It is situated at the
back of the neck and around the rib cage, where it is
easiest to tickle young children and get them into a play-
ful mood.

In rats the homologous play skin of the body seems
to be on the rostral dorsal surface of the body, where
most play solicitations (i.e., dorsal contacts) are di-
rected. This is not the only target of play solicitation in
rats, but PLAY circuitry of the brain does appear to
receive especially potent somatosensory inputs from
certain body zones. This helps answer the question that
has perplexed so many children: Why can’t I tickle
myself? Apparently, the system is tuned to the percep-
tion of social stimulation partially by being sensitive
to unpredictability. The underlying neural systems are
designed so that one cannot easily be his or her own
social partner or play companion. Tickling requires
other selves to arouse playfulness. Thus, the ability to
identify and perceive play partners is not a mere sen-
sory phenomenon but a powerful, ingrained central



