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6 DPreadaptation and the Puzzles
and Properties of Pleasure

Paul Rozin

Sensory pleasures derive primarily from the contact
senses thav cover the body surface and the body aper-
tures. It is proposed that, by the processes of pre-
adapration and increased accesssbilivy, the subjec-
tive and expressive aspece of this pleasure system is,
in later evolurion and developmen:, extended to a
wider range of pleasure elicitors, including aes-
thetic and mastery pleasures. Many basic principles
of hedonic systems may be studied in the more prim-
icive sensory pleasure system, These include the prop-
erties of context dependence and the mappings be-
fween remembered, experienced, and anticipaced
pleasures. Pleasure in the food domain is specifi-
cally considered, including the elicicors of pleasure,
the role of context, and the acquisition of likes and
dislikes (hedonic changes). Special attention is paid
to pedonic reversals, in which innntely negarive
sensory hedonic responses become positive (for exam-
ple, the case of chils pepper). It is argued that on
the appraisal side, basic sensory pleasures are quali-
tatively differens from nesthetic pleasures (such as
music), buc thar both fred into the same subjective
and expressive system. Some basic features of sensory
pleasures are listed.

THE HUMAN BODY is physically defined by a sheath
of skin, penetrated by seven holes. The sheath and
holes are a veritable playground of pleasure and
pain. Virtually all of the sensation-localizable plea-
sures we have, and many of the pains, are gener-
ated along this surface. Most sensadons that come
0 as from this perforated sheath are hedonically
tnged, The apertures, the salient points of enuy
and egress from the body—the mouth, nostrils,
and geniral and anal openings—are foci of affect,
perhaps because of their critical and ambiguous
(inside or outside of the body?) posidons (Rozin
et al., 1995). The aperrure excepton to this prin-
ciple is the external auditory canals, but these are
the only apertures not involved in material ex-

changes between the outside and inside of che
body.

The nodon that the “contact” senses (skin,
taste, and smell) differ from the others in their
close link to affect dares ac least from Charles
Sherrington (1906) and was claborated in derail
by Leonard Troland (1928). (The sense of smell
holds an anomalous posidon as a “contact” sense.
In some ways, it is an exteroceptor, detecting
properties of objects in the outside world. How-
ever, it resembles taste and skin senses in two im-
portant ways: in the experience of flavor, the sense
of smell is reporting on substances in contact with
the body, and like raste, the sumulus itself [chat is,
its molecules] is actually incorporated in smelling
(Rozin 1982a].)

Troland (1928) divides sensory inputs into the
body into beneceptive (beneficial), nocicepuve
(harmful), and neutrocepdve (neutral). The noci-
ceptive systems include pain, negative signals from
“stressed” organs, such as empty lungs or a full
bladder, and certain chemical inputs such as bitter
tastes and repugnant odors. The beneceptive sys-
tem includes erodic and a range of gustatory and
olfactory stimutaton. Troland leaves touch out of
this system, but it seems to me touch is principally
beneceptve, particularly as ic pertains to contact-
comfort. Troland’s neumoceptive system includes
our two major sensory inputs, vision and audition,
and touch as well. The neutroceptive wOputs, as a
rule, are informatve rather than directly evalua-
tve.

Troland is aware that these arc only approxima-
tons, but they are in fact good approximauons.
He notes a clear correlation berween sense modal-
ity and affective “loading,” while recognizing that
the same input channel can carry both nocicepuve
and beneceptive inputs (as when low salt levels are
pleasant, and high salt levels are unpleasant). He
summarizes his view by the claim that the noci-
ceptive and beneceprive systems are repordng, by
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and large, on the state of the organism, whereas
the ncutroccpbve systems are reporting on the
state of the environment.

We can add to Troland’s conception that while
the surface and aperture inputs signal both positive
and negatve affect, the internal, evaluagve inputs
indicare pomarily that something is wrong, that is,
they give nse almost entirely to pain (from the vis-
cera, joints, or muscles). In a way, this can be in-
terpreted to mean that for the body interior the
normal state is neutral and only malfuncdon is sig-
naled. From the perspectve of the body interior,
“no news is good news.” For receptors that line
the interface berween the body and the world,
good news is transimirted as well as bad news; the
ncutral stace is a midpoint. Good news often has
behavioral and suwvival implications (approach)
over and above neutral news.

The funcdonal and direct link berween the con-
tact (surface and aperture) and visceral senses and
survival is too clear to require comment. It is the
premise of this chapter that hedonic expenences
originate in these systems, both phylogenetically
and onrogenetically. Insofar as nonhuman animals
have a conscious “pleasure” experience, we pre-
sume that it is closely related, via sensory systems,
to basic needs, such as maintaining adequate nu-
mrients, oxygen, and temperature, avoiding bodily
harm, and encouraging social contact and repro-
duction.

Our previous analysis of the emoton of disgust
(Rozin, Haidr, and McCauley 199 3; Rozin, Haidr,
McCauley, and Imada 1997) provides evidence
that disgust began, both phylogeneneally and on-
togenedcally, as part of a food rejection system. In
evolution and development, the expressive and
output side of this system remains more or less
intact, while the domain of elicitors expands, de-
pending on the culture and historical tme, to in-
clude reminders of our anumal nature (such as
gore and deach), conract with most other human
beings, and certain types of moral offenses. We
identify the process through which this occurs as
preadapration in the domain of cultural evoluton.
In biological evoludon, preadaptation involves the
co-opting of a structure or system involved for one
function to another functon (Mayr 1960; Bock
1959), and is a major force in large changes in
evoludon. An appropnate example is the human
mouth, cvolved for food and fluid intake and air
input and output, and co-opted in later human
evoludon as a vocal outpur. The tongue and tecth,
cndcal for speech producdon, evolved for pur-
poscs of handling food.

In cultural evolution, through socializadon, the
range of elicitors that tap into a basic biological
system can be ¢xtended. As this process occurs on-
togenencally, whether programmed biologically or
by culrturally prescribed expenience, systems ini-
tally limited in their inputs become more widely
used and generalized. This process, in develop-
ment, 1 have called increased accessibility (Rozin
1976). The same type of analysis holds for food
itself (Rozin 1996): a nutridve and sensory plea-
sure function expands to include the social, moral,
and metaphorical domains.

Along the same lines, our pleasure system may
have its origin in, and derive its basic character
from, the fundamental life-protecang inputs from
the skin surface and apertures. If so, to understand
both the functon of pleasure and its nature, exam-
inagon of its primidve roots would seem to be an
opportune stratcgy. That is the approach taken in
this chapter.

This inquiry into the fundamental nature and
funcdon of pleasure focuses on the food system,
which is a very appropriate choice, on the follow-
ing grounds:

1. The food {nutrient procurement) system is one of the
most basic and fundamental of all biological /behav-
ioral systems

2. The relevant behaviors (unlike sex) are exercised very
frequently.

3. Food is the only biologically based system that has its
own dedicated emotdon (disgust) and its own dedi-
cated sense modality (raste).

4. Given that the apertures scem to be foci for pleasure,
it is of note that the food system is hcavily involved
with holes. It lays claim to one of the holes (the
mouth), invokes two more indmately in detecting
and experencing food (the nostrils), and provides the
materials that “supply” the two excretory holes.

5. Unlike many of the other “primidve” biological sys-
tems, such as the needs for air and appropriate tem-
peratures, the food system relies heavily on experi-
ence and hence becomes highly elaborated in human
cultures. Indeed, some of the greatest cognitive de-
mands facing the human omnivore have to do with
finding an adequate food supply (for extensions of
this argument, sec Rozin 1996).

6. The wide range of food metaphors in English testifics
to the foundational (preadaptive) role of the food
system. That is, we use food terminology to describe
many aspects of our lives, as when I say, “I hope this
article is in good taste,” or, “I will soon get to the
meat of this chapter,” or, “I hope the rcader can
stomach my approach and digest my arguments” (for
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a full discussion of metaphor in this context, sce
Lakoft and Johnson 1980.

7. 1 have been studying this system in one way or an-
other (from its biological to its culeural aspects) for
most of my rescarch career, so [ have the relevant
information at hand.

Even if the ideas abourt preadapration and acces-
sibiliry fail to hold up with respect to the food sys-
tem, we can rest assured that we will be at least
setting oat to understand one of the major sources
of pleasure for the human race, and the aspect of
life that commands more of our currency (across
all culcures) than any other. So this is not like a
Drosophila or E. coli model system, which depends
almost entirely on its generality.

1 have argued thar the food system is a founda-
don system, and that many preadaptations for
general human systems orginate in adaptatons to
making optimal food choices (Rozin 1996). There
18 also evidence that at least some cognitive abili-
tes emerge first, in buman children, in the context
of food choice problems (Siegal 1996). When
food is the focus, children are more inclined to
behave in 2an adult, logical manner in dealing with
the issues of contaminadon, distinguishing appear-
ance from reality, and distnguishing lies from mis-
takes.

Much of this chapter is a presentation of what
we know about pleasure in the food system of hu-
mans. Bur first, as an appetzer, I want to raisc
some fundamental issues about the nature of plea-
sure and some of the basic questions any scudent
of pleasure must face. In my discussion of pleasure
and food, I refer to these basic issues. In the final
secton, ] summarize what we know about plea-
sure and evaluate the extent to which what we
learn about food can be applied in other pleasure
domains, particularly to that special domnain of ex-
quisite posiuve affect, music.

PLEASURE PRELIMINARIES

Our Ignorance Aboutr Pleasure

We know very little about pleasure from a natural
science perspectuve. Few have tried to answer the
basic questions. Pleasure has been of great interest
1o lay folk, philosophers, and Wilhelm Wundt, the
founder of experimental psychology. In the middle
of this century, Paul Thomas Young (sce, for ex-
ample, Young 1948, 1959, 1961) devoted much
of his disdnguished career to the study of affective
processes 1n animals, and J. G. Beebe-Center
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(1932) did much the same for humans. Both tried
to create a science based on pleasure. The em-
phasis on pleasure by both introspecnonists and
psychoanalysts, the two bétes noires of behavior-
ism, relegated pleasure to a minor place in the be-
haviorist psychology of the mid-rwentieth cenrury.
And the pleasure-laden apertures, dear to the heart
of Freud, were perhaps for this very reason pushed
aside as foci of concern in the middle and late
twentieth century. One might almost say there was
a reaction formaron to the study of apertures and
pleasure.

The idea was that pleasure is either very difficult
or impossible to measure, and anyway, it might be
an epiphenomenon, with no significance for un-
derstanding behavior. It could be translated into
terms like reinforcement, changed probability of
response, or utility without any loss (see cndcal
discussion in Kahneman, Wakker, and Sarin 1997).
From our current perspecuve, ncither the mea-
surement problems (which can be solved in many
ways on the model of the very successful field of
psychophysics) nor the easy subsdrutability of be-
havior for menral events are substandal arguments.

As of 1919, Edward Tirchener complains: “The
reason then, that our descriptve psychology of
emoution is schemati¢ rather than analyucal is, sim-
ply, that cxperimental psychology has so far found
neither the tme nor the courage to take emotion
into the laboratory” (471-72).

The Definition of Pleasuve

According to the first of many definidons in the
Oxford English Dictionary, pleasure is: “l.a. The
condition of consciousness or sensation induced
by the enjoyment or andcipation of what is felt or
viewed as good or desirable.”

In the long list of Oxford definitions, it is smk-
ing that none refer to the dimension of pleasure,
used frequendy in American conversadon and
modern psychology (for example, in scales of
pleasanwess). Thus, pleasure, pleasantness, and
happiness all stand for both a stare of affairs and a
dimension that they anchor. Note that the oppo-
site end of the dimension is the negated form of
the positve term (displeasure, unpleasant, un-
happy). One can invoke opposites for these words
(aversion/pain, aversiveness/painfulness, or sad)
but none of these words can be negated to gener-
ate the positive. (“Unaversive,” “unpained,” and,
“unsad” don’t sound right.) In English, it is quite
reasonable to ask someone, “How pleasant was
this?” and reasonable answers include: “very,” “ex-
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tremely unpleasant,” and “50-50.” One study of
how these evaluative terms are treated in many dif-
ferent languages with respect to the asymmetries
in both negadon and naming of the dimension
confirms that English is representadve (Rozin,
Berman, and Royzman 1999).

We will adopr a simple definidon of pleasure: “a
positve experienced state that we seek and thar we
uy to maintain or enhance.” Similarly, pain (or
aversion) is “a negative experienced state that we
avoid and that we try to reduce or ¢liminate.”

These problems with the word pleasure may
cause some to use the more precise but less famil-
iar word hbecdonic or even Jeremy Bentham’s (1789 /
1948) utility. 1 will continue to use the familiar
word pleasure here, but will someumes use the
word hedonic o refer to the dimension.

The Types of Pleasure

There is no shortage of taxonomies of pleasure.
Arstotde mentions two different aspects of plea-
sure: “Desire being appette for what is pleasur-
able.” (De Anima, 59); and “Pleasure perfects the
acuvity” ( Nichomachean Ethics, 595).

Karl Duncker (1941) deals with types of plea-
sure systematcally in a thoughtful discussion of
the nature of pleasure. He asks whether the object
of pleasure is the wine, the donking of the wine,
or the sensory experience of drinking the wine,
Thart is, respectively, the object, the communica-
rion with the object, or the experience of commu-
nication with the object. In the case of wine, the
answer is clearly the last, the expedence of the fla-
vor. There is no such thing as frce-floating plea-
sure; it must be “artached” to something. Bur thar
something need not be a sensory experience.
Duncker develops a rich raxonomy at this poinr,
and I will abbreviate and modify it here. There are
three types of pleasures: sensory, acsthetic, and ac-
complishment pleasures. Sensory pleasures are
tghty tded to sensory input and hence are physi-
cally localizable: we expericnce the pleasure of
good food in our mouth. Aestherc pleasures are
more abstract, and not physically localizable, bur
linked to sensory input. Accomplishment pleasures
derive from achieving something of value through
mastery. (Some aesthedc pleasures may also in-
volve mastery.) Duncker emphasizes the impor-
tance of such pleasures in rerms of frequency and
salience and describes this rype of pleasure as hor-
mic: “Hormism, then, is the theory that pleasure
occurs when a conadon, i.c., some striving for an
object or goal, is being successful, while displea-

sure occurs when a conadon is being frustrated”
(392).

The focus of this chapter is on sensory pleasure
because T suspect it is the most primitive and least
complex. Also, in the phylogenetic or ontogenetic
frame, it may be the anlage from which other
types of pleasure are elaborated. Bentham (1789 /
1948) gives sensory pleasure a special, fundamen-
tal place. He holds that physical pleasure may op-
erate independent of other pleasures (moral, polit-
ical, and religious) and must be included in each
of the other three. In shorr, he holds for the pri-
macy of sensory (physical) pleasure.

The Temporal Frame of Pleaswre

According to Aristotle: “What is pleasant is the ac-
gvity of the present, the hope of the future, and
the memory of the past” (Nicomachean Ethics
Book 9, ch. 7). That is, ar any point in ume there
are three temporal frames for pleasure. Troland
(1928) sounds the same note, identifying three
domains of pleasure: hedonism of the furure, the
present, and the past.

The attenton of experimenrally oriented stu-
dents of pleasure has been almost entirely on the
on-line, present experience of pleasure. However,
in recent years Danicl Kahneman and his col-
leagues (Kahneman and Snell 1992; Kahneman et
al. 1993; Kahneman ct al. 1997; Frederickson and
Kahneman 1993) have devcloped an analysis of
pleasure (called udlity by these authors) that in-
corporates the temporal frame. This distincton is
also stressed by Jon Elster and George Loewen-
stein (1992) in their discussion of backward and
forward consumption. The disdnctions are be-
nween experienced (on-line, present) pleasure, re-
membered © pleasure, and andcipated  pleasure.
Kahneman and his colleagues make a critical
point: the mapping functions between experienced
and either remembered or anticipated pleasure are
complex and may be non-monotomnc. For Kahne-
man, expenenced pleasure is on-line and momen-
tary, like brightness, and hence a sort of primitve.
Integrated pleasure (the “experienced” pleasure of
episodes) is a mentally constructed entcy, which is
accessed and /or reconstructed in remembered and
anticipated pleasure. Experienced pleasure and
pain, on this view, funcuon o influence or guide
the behavior of the moment; angcipated and re-
membered pleasure may guide ongoing behavior,
but they also may paracipate in decisions and eval-
uations of furare courses of action. Of course, a
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remembered pleasure may be sufficiendy vivid to
function in many ways as an experienced pleasure.

In terms of real life, most pleasurc may come
from memory or andcipation, as opposed to on-
Jine experience. The few scconds of experienced
pain art a rypical visit to the dendst are dwarfed by
the displeasure of anticipation and by the frequent,
frightful recalls of the experience after the fact. Al-
though it may be most convenient to measure on-
line pleasure, these measurements leave out a
good part of the expericnce of pleasure. And it is
critical to note that sensory pleasures remain sen-
sory and localized in both memory and anucipa-
ton. We think we raste that delicious (or hopefully
delicious) meal as we remember or savor it. The
new line of work on pleasure from Kahneman and
his associates opens up the temporal domain of
pleasure, provides us with some experimental para-
digms to explore ir, and establishes an important
theoretical and experimental agenda for an experi-
mental hedonics.

One or Two Dimenstons

In much of lay and experimental psychology, ac
least in the English-speaking world, the pleasure
dimension is taken for granted. People easily use
the hedonic dimension (for example, the nine-
point scale anchored by “dislike extremely” and
“like exrremely”). However, these results indicate
only that people are capable of combining or inte-
gratng cxperiences of varying hedonic qualities.
There is abundant evidence that both people and
animals can have simultancous negative and posi-
tive hedonic experiences. Terms such as “bit-
tersweet” applied to chocolate; or the simul-
tancous or near-simultaneous facial and bodily
expression of pleasure and aversion in humans and
laboratory rats (Bermdge and Grill 1983), argue
for co-occurrence. These behaviors are more easily
interpreted as due to a simultaneous acavation of
two palarability dimensions than as a reflection of
a neutral palatability. When increases in the mag-
nitude of aversive responses are produced by in-
creasing the birtemness of rtaste mixrures, there is
not necessarily a reciprocal decrease in ingestve
responses (Berridge and Grill 1983). This asym-
metry supports the hypothesis of independent pal-
arability dimensions. [n the human domain, psy-
chometric measures of positive and negative affect
(as with the Positive Affect Negatve Affect Scale
[PANAS] are uncorrelated over short or Jong pe-
riods (Watson, Clark, and Tellegen 1988).
Chnsdan Ruckmick (1925), in arguing for two

dimensions of pleasure almost seventy-five years
ago, notes that the pleasure /displeasure opposi-
ton is more logical than psychological. Hot and
cold are opposites, but there is both psychological
and physiological evidence thac these two sensa-
tons are mediated by separate systems. The same
may be tue of pleasures. We should certainly not
take for granted that pleasure is unidimensional.

The Purpose of Pleasure

It is easy to assign a fancdon to pleasure as a guide
for behavior: we behave so as to increase pleasure
and remove pain (aversion). Such a functon maps
well onto the pleasures of eating or sex, and the
avoidance of hunger for food or air or of extremes
of temperature. Michel Cabanac (1971, 1985) has
made this explicit and shows that in a number of
systems, including temperarure and food, pleasure
covaries with departure from ideal physiological
values, a phenomenon he calls alliesthesia.

Both instrumental and Pavlovian leaming para-
digms provide ways to accomplish the same ends
without invoking the mental state of pleasure.
Why not mainrain the “casier” soluton of just
having mechanisms for increasing and decreasing
the probability of behaviors? What Kahneman de-
scribes as “decision utility weighting” seems to do
the job. This reasonable concern about the func-
tion of pleasure may be misplaced.

Although the decision utility account is more
satisfying for behaviorally oriented scienasts, it
does not follow that such a soluton is casier o
instandate in an actual organism: mother narure
did not design animals and people so that they
would be easy for psychologists to study (or hard
for them to study either). Furthermore, there may
actually be advanrages to the experienual represen-
taton of udlity.

First, cven if pleasure is an epiphenomenon,
some noncausal readour of the integrated utility
function, it may be a powerful and useful indicator
of the nature of thar functon. Second, pleasure as
a mental event may function in the mental cal-
culus of choice and decision-making. However, I
must confess that none of the reasons I am about
to propose are terribly convincing.

As systemwide experiences—that is, occupants
of consciousness—hedonic experiences allow for
transjation inro systemwide responses. In  this
sense, the general representation of hedonic state
might funcdon the way epinephnne funcdons as a
hormone: it allows for a systemwide acnivaton.

If the conscious system makes explicit and con-
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sidered decisions, then the hedonic reports it re-
ceives become an appropriate condensed darum,
in terms that influence conscious funcdon.

To funcdon well in any parucular culcural con-
text, humans have to leam a wide range of bebav-
iors, values, beliefs, and so on. The investment of
these values with affect, insofar as this is congruent
with the culrural values, makes it easy for someone
to funcdon in the culture. That is, a properly en-
culturated person likes whar his or her culrure
values, and dislikes what the culture shuns. Such a
soluton reduces conflict, allowing more ume and
energy for other Life and social functuons. Culrural
values imply many posidve as well as negatve feel-
ings. I have suggested elsewhere (Rozin 1982b)
that these demands may account for the fact that
humans have a srong prodlivity to develop very
strong, lifelong likings for all kinds of objects and
activitics. This may be a hedonic adaptanon 1o
culture; such strong acquired likes (outside of the
human social domain) are very uncommon, so far
as we know, in nonhuman animals.

Since humans plan for their furure and use their
past as a guide to their future, the instanvanon of
a salient, integradve representation of past and fu-
ture experiences, that is, a remembered or antci-
pated and inregrated hedonic value, may be a con-
venient shorthand for decision-making on-line
(Kahneman er al. 1997). That is, the integrated
affective memory or anticipation may be just what
is nceded 1o make sensible decisions now. If this is
so, then there is subsrandal adapdve value in our
mental representadon of remembered and andci-
pated pleasure (uulity).

These consideradons are meant merely to raise
the important issue of the functon of hedonic ex-
perience. That funcdon is still uncertain. Further-
more, certain features of hedonic experience, such
as its presence or absence in particular actvides,
are exemely hard to explain funcuonally. An ex-
ample discussed later concerns the fact that nausea
produces food dislikes (a hedonic change), while
other types of distress after eaung produce avoid-
ance but not dislike.

The Importance of Pleasure

How important is pleasure, and pardcularly sen-
sory pleasure, in mental life> This has been a sub-
ject of dispute. From ancient Greece we have the
opposed Epicurean and Stoic philosophies.
Perhaps the most famous quore, and the suon-
gest positon, comes from Jeremy Bentham (1789 /
1948): “Narure has placed mankind under the

governance of two sovereign masters, patn and
pleasure. It is for them alone to point out what we
ought to do, as well as to determine what we shall
do.” And, later: “they govern us in all we do, in all
we say, in all we think” (1).

It would seem fair to say that hedonic factors
are clearly an imporrant, that is to say, salicnt, and
frequent part of human Life. The normative side of
this had best be left for others 1o discuss.

The importance of pleasure, especially sensory
pleasure, no doubt varies across ime and place. It
is a feature of many of the phiJosophies from the
Far East and South Asia that sensory pleasure is
not very important, and that happiness comes
from rising above it. For example, one of the say-
ings in the Dhammapada, the Buddhist prayer
book, is “212. From pleasure comes gref, from
pleasure comes fear; he who is free from pleasure
neither sorrows nor fears” (34) (Babbict 1936).
These supposed differences refer, of course, not
just to the experience of pleasure bur to its mo-
dvatonal role, and the salience and frequency of
remcmbered and antcipated pleasure in mental
life. While it is clear that for Amencans deoing
what is pleasant is a major part of living a success-
ful life, this seems to be less the case for, among
others, Hindus in India. Pleasure secems less im-
portant, and duty and tradition more important, in
daily Hindu life. For example, in a questdonnaire
given to college srudents in the Unired States and
India, 34 percent of Indian subjects and only 12
percent of Americans agreed with the statement
“Whether or not an outcome of an action will be
pleasant or unpleasant for me is not an important
consideraton.” On the other hand, in evaluatng
the statement “Do your duty above all else,” 86
percent of Hindu Indians expressed agreement, in
conmast to 45 percent of Americans (Rozin,
Grant, and Puhan 1997).

FooD: PLEASURES AND AVERSIONS

The Framework of Food Chozce

Human beings are quintessenual omnivores or
generalists. They consider almost anything as a
possible food. They share this status with such
other worthy species as rats and cockroaches. The
generalist strategy has the advantage of lack of de-
pendence on the availabilicy of any particular food;
blights or competitors are not usually secrious
threatss for generalists. But being a generalist en-
tails problems as well. Many potendgal foods are
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toxic, and the muliple nucrient requirements of
animals place constraints on acceptable mixrures
and amounts of different foods. Basically, general-
ists leamn whar to ear, and this leaming is pro-
duced, in large part, by delayed feedback from the
consequences of ingestion (for a detaied treat-
ment, see Rozin and Schulkin 1990). The mo-
mcntary and medium-term health rewards of find-
ing and consuming a nutritous food are great, as
are the dangers of consuming something toxic. As
@ result, it is not surprising that a grear deal of
affect is invested in the process of food selection.

Pleasure and Food

Food is one of the major sources of pleasure for
buman beings. In different parts of the world, at
different times, it is also a source of distress either
because of a lack of food or a surfeit. It is not
surprising that the major champion of hedonics in
animal psychology, Paul Thomas Young (1948,
1959, 1961), focuscd on food choice, and sweet-
ness in particular, in his research on rats. Cail
Pfaffman (1960), in his important paper “The
Pleasures of Sensatdon,” chooses food and taste as
the model system. Other leading investigators of
food choice, including Eliot Stellar (1974), Mi-
chele Cabanac (1971, Herbert Meiselman (1996),
David Booth (1994), John Blundell (1980), Bar-
bara Rolls (Rolls et al. 1986), Rose Maric Pang-
bom (1980), and Richard Shepherd (1989), have
devoted attention to the pleasure dimension. In
the hands of all of these investigators and others,
hedonic scaling of foods is a commonplace activ-
ity. (For broad reviews of food consumpton and
choice, see the edited volumes Barker [1982] and
Capaldi [1996]; and Meiselman and MacFic 1996.)

Plensure and the Gustatory System

There is abundant evidence for sensory pleasure in
the food system. Pfaffman (1960) lays out the case
that the gustatory sensory inputs arc substanually
correlated with hedonic variables (figure 6.1). The
sweet system is innately hedonically posigve for
rats and humans. When small amounts of stimulus
are used (forestalling satiation), gustaiory afferent
discharge and hedonic response increase with
sumulus intensity. For birter tastes, increases in af-
ferent input covary monotonically with decreases
in liking. For salty tastes, the relation is not mon-
otonic. While the afferent discharge increases with
concentration, the hedonic function rises at low
concentrauons, and then falls to unpleasant with
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higher concentrations (all of these results are deter-
mined by hedonic ratings in humans and by short-
term preference tests and/or analysis of facial and
bodily gestures in rats (see, for example, Grill and
Norgren 1978)). In all cases, and for sour tastes as
well, there is a distinet funcdonal relation becween
samulus intensity and hedonic response.

The funcdonal value of the salt, sweet, and bitter
systems is obvious. Sweet signals calories (via fruit)
in nature, salt is a dietary essential but may be harm-
ful at high Jevels, and there is a substanual corrcla-
ton between bitter taste and toxicity in nature.

Jacob Steiner (1979; for confirmaton with
more objective techniques, see Rosenstein and Os-
ter 1988) has demonstrated aversions to bitter and
high levels of sour in human infants, and prefer-
ences (using facial expressions) for sugar. Humans
probably also have an innate liking for the farty
texture (correlated in the real world with caloric
value) and inpate aversions for even low levels of
imitating sumuli. Of course, fatriness and irritation
are not transmitced by the taste system, narrowly
conceived, but are food-relevant mouth sensa-
tions. Oddly, the biological significance of avoid-
ance of sour (high-acid) or irritant foods (such as
chili pepper or ginger) foods is not clear, since
harmful concentrations of either of these sumu-
lants do not exist in nature,

Hedonic response to mixtures of tastes is not
predictable from algebraic combinadons of he-
donic ratngs of the components. A particularly
relevant example, for humans, is the complex pal-
arability relationship between sweetness and fat.
There is clearly an optimal combinatdon, and it is
far from maximal levels of each (Drewnowsk and
Greenwood 1983).

While much of the rtaste-related literarure has
explored soludons of pure chemicals and their
combinations, real-world ecating involves foods
and beverages that are exuremely complex in their
gustatory and other oral and flavor properties.
Rose Marie Pangborn (1980) pioneered the study
of hedonic values in more complex stimuli (such
as lemonade) and also demonstrated the wide de-
gree of individual variagon. For example, some
people show monotounically increasing palatabilivy
with sugar concentration (depending on the vehi-
cle); others, with the same vchicle, may show an
inverted U or even a monotonically decbning
functdon (for a general revicw of sensory hedonic
aspects of food choice, see Cardello, 1996).

The non-additivity of hedonic effects is abun-
dantly clear when real foods are involved. For ex-
ample, sugar may accentuate the palatability of
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FIGURE 6.1  Pleasure Judgments in Relaton 1o the Concentradon of Taste Solutions
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Sowrce: Pfaffman 1960, 261.

Notes: The preponderance of “pleasant” or “unpleasant” judgments in relation to the concentration of
taste soludon. The ordinate gives percentage “pleasant” minus percentage “unpleasant.”™ The abscissa
is proportional to concentration, the full length of the baseline standing for 40 percent cane sugar,
1.12 percent rartaric acid, 10 percent sodium chlorine, 2nd .004 percent quinine sulphate (by weight).

breakfast cereal, for Americans, but reduce the pal-
atability of steak.

A Psychological Taxonomy of Foods

People cat foods, not nutrients (or pure substance
solugons), so a psychological raxonomy of foods
should not look at all like 2 nuwritonal dassifica-
ton. Apnl Fallon and I (Rozin and Fallon 1980;
Fallon and Rozin 1983) developed a psychological
taxonomy of foods for Americans, by a process of
interview and quesdonnaire. We believe the taxon-
omy that emerged holds for all culrures, although
the foods that fall into the vanous categories will
vary across culcures.

We begin with the set of all possible foods, then
divide them, for any person, into 2ccepred and re-
jected items. The results of the research indicate
that acceptance or rejection can be mounvated by
three factors (sce rable 6.1): sensory-affectve rea-
sons (liking or disliking the sensory properties),
antcipated consequences of ingestion (satauon,
illness, and so on), and ideational reasons (knowl-
edge of the nature or origin of the food). Only the
first reason directly generates sensory pleasurc (or
displeasure).

The three reasons, alone or in combinanon,
generate a set of relatvely pure caregonies of rejec-
don or acceptance. For rejecton, there are four
major catcgories.
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TaBLE 6.1  Psychological Food Taxonomy
Inappro- Appro-
Dimension Distaste Danger priase Diggusz Good taste Beneficial priaie Transvalued
Sensory/ — (=) + (+)
affecdve
Antici- — (-) + (+)
pated
conse-
quences
Ideational — — + -+
Exampies beer allergy grass feces saccharine medicine ricual leavings of
chili foods sand insect favorite healthy foods heroes,
spinach carcino- rotted foods foods loved ones,
gens foods or deides

Source: Modified from Fallon and Rozin, 1983.

Notz Sign in parentheses indicates a statistical, but not a necessary relaton, between a dimension and a food category.

Distastes are rejectons based primarily on sen-
soty properties. These include rejecdon of bitter
foods and foods like broccoli or lima beans for
those who reject them. Most within-culture indi-
vidual differences in food choice resulr from differ-
ences in sensory/affecave response.

Dangers are rejections based on anticipated neg-
ative consequences, short- or long-term. Rejection
of tobacco, allergy foods, or farening foods (for
some) would fall under this category.

Inappropriates are rejecdons based on ideational
grounds. The items in question are not considered
a food, or edible, by the culture. Most objects in
the world fall into this category, such as paper,
pencils, rocks, and grass.

Disgust involves complex motivations. Disgust-
ing enutes ar¢ always rejected because of their na-
ture or origin (ideational). However, they arc vir-
rually always thought to rtaste bad (distaste) by
virtue of their ideational origin, and they are often
perceived as dangerous. Disgust consututes the
strongest affecuve reaction to foods (for more on
disgust in the food domain, sce Rozin and Fallon
1987).

With respect to pleasure, note that two of the
categorics, distaste and disgust, involve negatve
reactions to the sensory properues of the foods,
whereas the other two (danger and inappropriate)
involve 3 more cognidvely based rejecton.

On the positive side, there are comparable cate-
gories, though the ideational categories have lirtde
import in most Western cultures. The major con-
trast is berween good tastes and beneficials, the
former being, once again, an example of sensory
pleasure.

Of course, many foods do not fall neatly into
one of these categories. Milk is both a good taste

and beneficial for most Amencans. But many
foods do fall naturally into one of the categones.

Context Dependence

Experimental psychology has generally adopred an
abstractve, elemenraristic approach to the analysis
of phenomena, including pleasure. The interacton
term of Analyses of Variance (ANOVAS) is the
major concession to the fundamental gestale ideas
of contexctual influence. Thus, in the history of
studies of pleasure in the food domain, the work is
dominated by the use of simple rastants in aque-
ous soluton and rarely by combinatons of these,
or by more general contextual change. Yet, for any
layperson, the roles of context in food pleasure are
enormous, such that almost any food could be
judged pleasant or not in some context. We divide
contextual influences into three types: simulta-
neous internal, simulraneous external, and succes-
sive external (for a full discussion of context ef-
fects, see Rozin and Tuorila 1993).

Simultaneous Internal Context The principal in-
temal state related to pleasure interprerations of
food is hunger. Cabanac (1971, 1985), in parucu-
lar, has demonstrated that the pleasantness of sim-
ple food stmuli is a function of food deprivadon
(hunger). His concept of alliesthesia caprures that
idea: “A given sumulus can induce a pleasant or
unpleasant sensation depending on the subject’s
internal state.” Cabanac invokes this idea to ac-
count for the adapdve value of pleasure. There is
minimal work on how hunger may differentially
affect the pleasure of different foods. (Perhaps, for
example, desserts are more resistant ro hunger de-
crease than other types of foods.) Other internal
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states, such as nausea, clearly influence the he-
donic evaluauon of foods.

Stmultancous External Context Events simul-
raneous with the experence of a targer food sum-
ulus have major effects on the reported hedonic
value of that sumulus. There are a wide vanery of
taste or flavor interacgons, internal as it were, 1o
the target sumulus. These effects are sensory, per-
ceptual, and cognitve and include taste interac-
dons (Rozin and Tuorila 1993; Bartoshuk and
Gent 1984) and culrurally induced preferences
(for example, salt taste is appropriate in some con-
texts [meats in the United States) and not in
others [desserts in the United States])).

Construals of the nature and origin (ideatonal
issues) of a potennal food may dominate its sen-
sory qualides. Subjects will rate the same odor as
very unpleasant if they think it is from cat feces
and as very pleasant if they think it comes from
cheese. A burtermilk drinker will dislike the ftavor
and odor of what is construed as buttermilk if in-
formed thar it is acrually spoiled milk (that is,
spoiled in an unintenuonal way, as opposed to the
intendonal “spoiling” of burtermilk). .

At the level of normal eating, where individual
foods (spinach, or spinach soufflé) are the “units,”
there are a varicty of cultural rules of “appropriate-
ness” that determine acceptable (and hence pleas-
ant) combinations. This idea has been developed
by Howard Schutz (1989). Thus, in Amencan cul-
ture, steak and ice cream are not eaten together
and offer an unpleasant prospect. Similarly, occa-
sions dictate the approprateness of cerrain foods,
so that for most Americans dry cercal is presuma-
bly liked more for breakfast than for dinner.

Successive External Context There are two ex-
aemely important aspects of successive or tempo-
ral context. One refers to the recent food expen-
ence environment of a person. The other refers to
the interplay of remembered, experienced, and an-
tcipated pleasures.

As with sensory phenomena, there is a grear deal
of adapradon in sensory pleasure. Some of this
stems direcdy from sensory adaptaton, which is
extensive in the olfactory and some of the oral so-
matosensory (for example, uritadon) systems. In a
sense, the sensory pleasure system is doubly sensi-
bve 1o sequence; the receptor input itself shows
adapradon, and the central processes that “gener-
ate” pleasure are also inclined ro adapt or habiru-
ate and rto be sensitve to temporal context. Plca-
sure systems, like sensory systems, tend to be

sensitive to change and to adapt to baselines.
Harry Helson’s (1964) ideas abour adaptadon
level apply here, particularly as modemized and
formalized by Allen Parducci (1995). Parducci has
shown that the somong tendencies of humans to
adjust to basclines and distribure evaluadons in ac-
cordance with the range and frequencies of experi-
ences shown in sensory systems also hold for the
hedonic /happiness dimensions.

However, range-frequency ‘effects do not ac-
count for the simplest of all exposure sequences—
repeated responses to the same samulus. Here,
adapradon or habituadon seems to occur. At least
under some condidons (including moderately pal-
atable foods and frequent exposures over periods
of minutes to hours), repeated exposures to an al-
ready familiar food produce a nonpermanent de-
cline in Jiking for that food. This phenomenon,
originally described in animals by David Karz
(1937) and Jacques LeMagnen (1956), has been
studied extensively in the laboratory, with human
subjects, by Barbarza Rolls and her colleagues
(Rolls et al. 1986). It is appropriately called
sensory-specific sadety. The effect is usually mod-
est in size and has been measured in terms of both
reduced intake and reduced ratngs of liking. One
reason that sensory-specific sadery is very sensitive
to the particular local conditions is that it is op-
posed by another basic process, the mere exposure
effect (discussed later in the chaprer), which gen-
erally produces increased liking with exposure.

A sccond basic temporal contextual feature, ob-
served in the food as well as other systems, is the
affectve primacy effect. Under an as-yet-unspec-
ified range of condiuons, other things being equal,
two primacy reladons may hold: the sumuli at the
beginning of a sequence are more potent in overall
hedonic effect than those same somuli at the end;
the earlier in a small set of food sumuli will yield a
more positive hedonic response. Norman Ander-
son and Ann Norman (1964) read the names of
six foods/dishes to subjects and asked them to
rate their liking for a meal composed of these
foods in the specified order. Subjects rated meals
that began with three liked foods, followed by
three disbked foods, higher than meals presented
in the reverse order. In paired comparisons involv-
ing acrual sampling of either food or beverage
products, Michael Dean (1980) found, with an
appropratcly counterbalanced design, thar the
item sampled first tends to be preferred. The re-
silience and size of affecdve primacy effects in the
food domain have yet to be determined.

My own cxperience in talking to eaters suggests
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that scaling and framing eflects are very important
in determining the pleasures of consuming a spe-
cific dish or meal. For example, in establishing the
range of judgment, people have framing optons
with respect to unusual experiences. Having had a
superb experience of a great red wine, some find
that the subsequent very good wines pale in qual-
ity; they have anchored their scale with a very rare
and high-quality experience. Others seem able to
frame such very special culinary experences “out
of bounds” and are not so negadvely affected fol-
lowing a great experience.

Most of humaniry consumes most of its foods in
the form of meals. Meals are culturally prescribed
eating bouts, and they often include muldple
dishes. The order of dishes is often culturally pre-
scribed. More than one dish may be available at
any given point in a meal. If so, individuals have
some opdons as to how to wmporally structure
their own meals. Thus, a survey of American col-
lege students (Rozin 1998) indicates rhar faced
with 2 typical main course of two to four items,
some people complete their favorite item first,
then finish each of the other items in tum. Others
also eat one food at a time, saving the best for last,
and sull others systematcally rotate through the
available foods. About half of the respondents do
not subscribe to any of these partems and report
no habitual parterm of which they are aware. Each
of these parterns presumably generates different
cxperienced and remembered pleasure.

There has been very litde research on the expe-
renced picasure of meals made up of diverse food
items. John Rogozenski and Howard Moskowitz
(1982) obrained ratngs of five-course meals (on a
questonnaire) and modeled them with some suc-
cess from weighted ratings of the individual foods
made on a diffcrent questionnaire. The 1ssue of re-
membered uunlity (pleasure) for meals has not
been addressed, nor has the issue of hedonic con-
rast within a serics of sampled foods or a meal.
Along the lines suggested by Kahneman’s experi-
mental hedonics, it would presumably be possible
to arrange a meal sequence (both the order of
dishes and the style of consumpdon) that would
maximize remembered pleasure.

The domain of food and eating is dominated by
remembered and andcipared pleasures. The dinner
reservation at a fine restaurant is an OPpOrTUNILY to
savor for weeks (or months—or years for Gir-
ardet!) an experience that will last but a few hours.
And the memories of a great, disgncave meal last
a lifetime and fuel the andcipation of a rerurn ro
the same site. (Unforunatcly, rcgression to the
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mean usually intervenes.) This is the other side of
the nasty visit to the dentst’s office, where a few
scconds of experienced pain gives rise to moun-
tains of anxious anticipaton and negagve memo-
ries that are bad out of propornon to the acrual
experience in the denust’s chair.

Furthermore, meals are social events, in which
canng is typically interposed with conversation
perhaps about sports and politics and the like in
the United States, and more likely about the food
iself and the pleasure it induces in France. We
have recently documented major differences in at-
trudes to food and eatng in the French versus
Americans: Americans tend to worry that they will
eat too much of a really good meal, and the
French tend to just andcipate it posinvely (Rozin,
Fischler, ¢t al. in press). So the general social con-
text of a meal and culrural atatudes to eabng will
also strongly influence the sensory pleasure in-
duced by the food. And of course, when it comes
1o fine cuisine, the Lne berween sensory pleasure
and acsthedces is often blurred.

The Acquisition or Change of Hedonic
Value of Foods

Acquisivion of Likes (Good Tasves) and Dislikes
(Distastes) The catalog of innately liked tastes/
flavors is very limited: there are biases toward lik-
ing sweet tastes and fatty textures, and biases to-
ward avoiding imitaton, bitterness, and strong
tastes and flavors. In contrast to taste, the olfac-
tory domain, while intenscly “hedonic,” comes
with no innately hedonically valenced sensations
(Baroshuk 1991).

Almost everything an adult likes and dislikes is
at least pardy an acquired taste (distaste). What
causes some things to become good tastes and
others beneficials, or some things distastcs and
others dangers?

Research on acquired likes and dislikes focuses
on humans becazuse direct measures of pleasure
can be obrained only from humans. However,
principles borrowed from animal psychology, par-
tcularly the psychology of learning, have informed
this work. Furthermore, the possibility of a paralle!
to human sensory pleasure in animals has allowed
for tentadve generalizations. The development of
expressive facial /gestural measurcs of rat responses
to food by Harvey Grill and Ralph Norgren (1978)
provided a tool that licensed stronger inferences
abour experienced pleasure in laboratory animals.

The most robust procedure for producing he-
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donic change in humans emerged directly from
studies of taste aversions in the animal laboratory.
The pairing of a preferred raste with any of a van-
ety of negatve events, including X-radiadon and
nausea-inducing drugs, led o a2 robust aversion
(decrease in preference). These phenomena were
known in the animal literature for a long dme be-
fore 1966, when the classic demonstratons of
John Garcia and his colleagues showed that aver-
sions were learned with a long delay berween con-
didoned somulus (CS) and uncondidoned sgm-
wlus (US) (reviewed in Garcia, Hankins, and
Rusiniak 1974). The animal lirerature alone could
not demonstrate that condifioned taste aversions
involve a hedonic change—that the food CS now
“rasted bad,” tchat is, was an acquired distaste.

A number of questonnaire studies on humans
(inigally by Garb and Scunkard 1974) demoo-
strated by rewrospectve report a parallel phenome-
non in humans, in which it was clear that illness
following a food {especially 2 novel food) led to an
acquired distaste for the food. Subsequent labora-
tory expenments on humans (for example, Berns-
tein 1978) confirmed this.

The next two steps in establishing taste aversion
learning as the quintessential example of experi-
mentally induced hedonic change were taken by
my student, Marcia Pelchat, in her doctoral disser-
tation. A retrospective questuonnaire indicated that
only USs that had a nausea component reliably
produced acquired distastes. Other negatve con-
sequences following ingeston, such as lower gurt
problems, or allergy symptoms such as skin erup-
tons or respiratory distress produced dangers (that
is, avoidance), but not distastes (figure 6.2) (Pel-
chat and Rozin 1982). Nausea appeared to be the
magic buller that produced distastes.

This analysis was extended 1o laboratory rats,
using Grill and Norgren’s (1978) analysis of facial
and bodily gestures associated with consumption
of birter and other aversive solutions. Assurming
thar these expressions indicated distaste, Pelchat
and her collaborators (1983) monitored these re-
sponses in rats after Pavlovian pairings of sweet
rastes with a variety of USs. The results were
extremely clear, and very supportive of the nausea-
distaste link. Sweer avoidance responses produced
with intragastric lithium chloride, a substance that
produces nausea in animals and humans, reliably
induce aversion gestures (such as a gape) when the
CS soluton is offered post-conditioning. Strong
avoidance (danger categorizaton) but rare aver-
sion expressions occur when the US is either ¢lec-
ric shock to the foot or inmagastric lactose,
which produces lower rather than upper gut dis-

FIGURE 6.2 Reladon of Human Taste Aversions
to Negadve Events
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Source: Pelchat and Rozin 1982, 345.

Noszs. Taste aversions in humans as a function of type of
negative event. Subjects self-reported on experiences in
which ingestdon of a food was followed by a negative event.
The food in question was rated on a 1 (exremely unpleas-
ant) to 9 (extremely pleasant) scale for before and after the
event. Subjects also indicated features of the negative event,
designating one of these as the primary feature. The mean
change in liking (rating-after minus rating-before) is pre-
sented as a function of type of negative event. Negative
events are characterized, on the abscissa, as “Nausea pri-
mary” (nausea or vomiting is the primary feature), “Nausea
secondary” (nausea or vomitng is a nonprimary fearure),
“Other GI" (gastrointestinal symptoms other than nauosea
or vomiting are primary), “Other” (items thart did nor fit in
any of the other categories, such as respiratory distress, car-
diovascular problems, systemic shock, or reception of very
upscting news, such as the death of a loved one), and
“Skin” (skin symptoms, usually allergenic, such as rashes).

tress (Agure 6.3) (for related findings see DParker
1982).

These nausea “magic buller” experiments estab-
lish a Pavlovian pathway for hedonic change. The
change is dramatic, occurs in one trial, and is the
best experimental and real-world example of ac-
quired hedonic change. Our recent evidence in-
dicates that for both human taste aversions and
phobias (with frightening USs) there are many oc-
casions when the appropriate pairings occur in real
life bur hedonic changes do not occur (Rozin,
Wrzesniewski, and Bymnes 1998). We do not yet
know what contexrual conditions promote or re-
tard this type of hedonic change, but the novelry
of the CS is surely important.

A second problem raised by the taste aversion
studies has to do with the adaptive value of he-
donic change, and of hedonic responses them-
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Ficure 6.3  Orofacial Responses of Poisoned Rats to Sucrose: Relation of Taste Aversions

in Rars to Negadve Events
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Source: Pelchar, Grill, Rozin, and Jacobs (1983). Copyright 1983 the Amencan Psychological Associa-

ton.

Notes. Orofacial responses of rats before and after exposure to pairings between sucrose ingeston and one of
three negative cvents: (1) inragastric ituum chloride (LiCl) believed to induce nausea; (IT) electric shock;
(IIT) intragastric intubadon of lactose, which induces lower gastrointestinal symptoms (such as cramps in
humans) and diarrhea, burt lile nausea. Graphs show the number of rats (five or six per group, as indicated)
who display the indicated behavior. The three positive followed by six negative orofacial responses are desig-

nated on the abscissa. Iep = lateral tongue procusions, tp

g = gape, cr = chin rub, hs = head shaking, fw =

selves. Nausea USs lead to hedonic changes, and
most other USs do not. Why? What is the adaptive
value of endowing nausca with a qualiraovely dif-
ferent (hedonic) change as opposed to other
events including guc pain? We don’t know and sus-

= tonguc prourusions, mm = mouth movements,
face washing, ff = forelimb flailing, pr = paw rubbing.

(Figure continued on p. 122

pect that the answer to this quesdon may tell us
something abourt the functions of hedonic systems.

Taste aversions are an example of Pavlovian pro-

cedures that induce hedonic change. The general
process has been called evaluative conditoning. It
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FIGURE 6.3 Continued
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was originally described and named as a laboratory
phenomenon by Irene Marun and A. B. Levey
(1978), using visual sumuli of neumal and negagve
or posiave valence as CSs and USs, respectively.
Evaluadve condidoning has been studied system-
atcally by a group of Belgian psychologists under the
leadership of Frank Baeyens. Both positive and nega-
tive evaluadve condidoning have been demonstrated,
using visual (Baeyens er al. 1988, 1991), olfactory
(Todrank et al. 1995), and taste/flavor somuli
(Zellner et al. 1983; Baeyens et al. 1990; for a review
of Pavlovian condidoning with respect to changes in
food preferences, see Rozin and Zeliner 1985).
Taste aversion leaming seems somewhar arypical
of other examples of evaluatve condioning. It

occurs very rapidly, is a robusr effect, and is not
strongly resistant to extincoon. Evaluatve condi-
toning usually requires muldple trials, is a modest-
sized effecr, and is surprisingly resistant to ex-
gncton (Baeyens et al. 1988, 1991). In the food
domain, aside from nausea-based taste aversions,
the two major evaluative conditioning effects dem-
onstrated prior to 1995 were increases in liking for
flavors paired with a sugar US (Zellner cr al.
1983) and decreases in liking for flavors paired
with a disliked US (Baeyens et al. 1990).
Evaluative conditioning is onc of the two well-
documented models of hedonic change for foods
and other samuli. [t is very likely that many com-
mon acquired likes, such as for coffee, occur
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through a procedure like evaluatve conditoning.
When fist introduced, coffee is often made very
sweet, and the strong taste is softened with milk or
cream. For many people, after many such experi-
ences, the coffee flavor alone becomes liked, in the
absence of milk or sugar.

Internal USs (such as relief of hunger) also
funcdon in evalvative conditoning (although we
all know many highly nutritve foods that we don’t
like). There are surpnsingly few studies on humans
of sadaton-induced liking, bur David Booth and
his collaborators have produced one empirical
demonstradon of enhanced liking, when the sub-

ject is trained and tested hungry, for a flavor asso-
ciated with substandal caloric repledon (Booth,
Mather, and Fuller 1982).

In the real world, it is likely that the most pow-
erful US is social, perhaps the appearance of a re-
spected other enjoying (or detesdng) a particular
event or food. Recently, Baeyens and his col-
leagues (Baeyens et al. 1996) have reported the
frst laboratory demonstraton of a hedonic shift
with a social US. Adult subjects watched video-
tapes in which a demonstrator person sampled var-
ious beverages in disanctve glasses and indicated
pleasure or displeasure facially. Beverages varied in
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color, and the glass shapes also varied. One of the
glass shapes (with or without a “foot”) was con-
ongently paired with expressed pleasure, the other
with expressed displeasure. Subjects showed a rela-
tve increase in liking for the glass shape paired
with the pleasure expression. This is just the be-
ginning of what should be some major investga-
gons of hedonic shift in a social Pavlovian frame-
work. Sylvan Tomkins (1963) raises the interesting
possibility that observadons of emotional expres-
sions in others induces the parallel emodon in the
observer. This internal representaton can then
serve as the US for evaluative conditioning.

The second well-documented mechanism for
hedonic shift is mere exposure, a phenomenon
that occurs in both animals 2and humans. As Rob-
ert Zajonc (1968) has forcefully shown from re-
search covering a wide domain of sumuli and siru-
ations, exposure, in and of itself, rends to promote
liking. This is a modest-sized effect cthat operates
over a broad range of sumuli and condidons. Tt is
limited by boredom effects resulung from high
levels of exposure and/or very frequenc exposure,
but the basic effect is substanual and important
(for a recent review of conditons that increase or
reduce mere exposure effects, see Bornstein 1989).
Mere exposure effects have been demonstrated in
the laboratory with foods by Patricia Pliner (1982)
and Leann Birch and Diane Marlin (1982), among
others.

There are no doubt other pathways to hedonic
change in the food domain, but none have been
well documented. A varery of possible channels of
social influence, besides Pavlovian condidoning,
are hkely to produce changes. Prominent among
these are percepdons that respected others like or
dislike a food, or value it in some other way (for
reviews, see Birch 1987; Rozin and Vollmecke
1986). The literature in social psychology on in-
trinsic value (for example, Lepper 1983; Deci and
Ryan 1985) offers evidence about what promotes
and deters hedonic change. According rto the
“minimal sufficiency”™ principle, overt reward for
consumpton of a food may ulumately decrease
the liking for it, while more subtde approval may
promote liking or discourage a decrease in liking.
Applicanons of this idea to the food domain have
been reported (see, for example, Birch et al. 1982).

The Acquisition of Disggust  The aversion to dis-
gusting entities is based on ideadonal factors. We
might find a food quite rasty and then, hearning
that it was seal meat, find the taste repulsive. Be-
cause disgust is so strong and specific, it offers the

prospect of being a narural arena-in which to dis-
cover some general principles of hedonic shife
{Rozin and Fallon 1987). Disgusting enunges are
so powerful that they are contaminants: contact
between a disgustng item and an otherwise edible
jtem renders that item inedible, and disgusting.
Thus, one way to transfer negatve affect to an ob-
ject is to touch it to an already disgustng object.
This affecave route is caprured in the sympathed-
cal magical law of contagion, “once in contact, al-
ways in contact” (for a review, sce Rozin and
Nemeroff 1990).

Feces is a universal disgust substance. This reac-
rion seems to be acquired, perhaps at least in part
in the process of toier maining. It may be that
affective displays by parents and others in the pres-
ence of feces help to endow feces with its powerful
negative affecdve properties, but we really do not
know how this process occurs. Disgust, as a pow-
erful negauve-affecuve force, becomes a principal
instrument of socializadon; a very cffective way to
enforce a culrural prohibiton is to make the act or
object disgustng.

Disgust is also a quintessential example of an
affectve-cognidve link, in which a cognison (for
example, of a pardcular origin) produces 2 major
hedonic shift. Discovery of the contents of an
artracve-looking food morsel, or of the way a
food animal was killed, can rapidly generate disgust.

We have been exploring some of these hedonic
shifts in the context of the emergence of vegetar-
ianism. It seems that disgust toward meat is pro-
moted if a person holds ro the immorality of kill-
ing animals, as opposed to the posidon that meat
is just unhealthy (Rozin, Markwith, and Stoess
1997). That is, the involvement of 2 negative
moral issue promotes the development of disgust,
and disgust may further reinforce the neganve
moral response. Indeed, cross-culturally, disgusr is
an emodon that represents whar the culture in
queston finds to be offensive. In the frame of pre-
adaptation discussed earlier, disgust provides a
prime example of how a food rejection system be-
comes co-opted and released by a wide range of
meanings and clicitors, including death and a vani-
ety of moral violations (Rozin, Haidr, and Mc-
Cauley 1993; Rozin, Haidr, et al. 1997).

The Reversal of Innase Aversions Human beings
frequenty, and uniquely, come to like objects and
situatons that innately give rse to fear or aversion.
Roller-coaster riding and sad or horror movies are
salient instances. The food domain is replete with
examples: innately aversive oral expenences such
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as coffee, beer, spirits, wine, tobacco, high levels of
salt, carbonated beverages, and irmitant spices (for
example, chili pepper, black pepper, ginger) are
among the most preferred foods and drinks on the
planet. The imtant and bitter (or other strong)
properues of these foods successfully deter other
mammals from ingestng them, but humans have
found pleasure where others find pain.

Hedonic reversals may be partcularly informa-
ove, since the hedonic changes that occur are so0
large. There are almost no good examples of ac-
quisiion of likes for innately unpalatable sub-
stances in any nonhuman mammal. Extensive ex-
posure of rats, in the food coatexr, to either bicter
tastes (Warren and Pfaffman 1958) or uritant sen-
sadons, such as chili pepper (Rozin, Gruss, and
Berk 1979) does not induce a posiuve preference,
or even any permanent reduction of aversion. Un-
like their human owners, the animals in 2 Mexican
village who regularly eat chili pepper on food in
the garbage do not come to like it (reviewed in
Rozin 1990). The only posiuve cases (presented
and reviewed in Rozin and Kennel 1983) are a few
pet primates and one pet dog, all of whom con-
sumed “hot” food in the company of humans and
developed acrual likes for piquant foods.

We initiated srudies of the acquisidon of a liking
for chili pepper as an example of hedonic reversal
(reviewed in Rozin 1990). Chili pepper seemed
like a good model system, since chili peppers are
the most widely consumed spice in the world (well
over one billion eager users), and they are neicher
harmful nor addictive, unlike some other innartely
unpalatable foods.

The sitvadon, in bref, is as follows (for more
derails, see Rozin 1990). Chili peppers contain a
set of chemicals called capsaicins, which cause irri-
tavon of mucus membranes; they cause pain. The
peppers are acrually harmless; the imtagon is a
sensory phenomenon, and any ussue damage that
results from high levels of capsaicin on a sensinve
surface results not directly from the samulus burt
from the body’s response to it.

The oral iuritadon produced by chilies is in-
nately aversive. The evidence indicates that those
who come to like chili pepper receive roughly the
same neural signal from their mouths as those who
do not. That is, the change is not peripheral; the
same central input, once judged to be negatve
and painful, becomes pleasant after some substan-
nal expenence, often spreading over moaths or
years, It is the very same sensory fearures of irrita-
gon that initially promote rejecton, thart lacer be-
come arracave.
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The strength of the attraction to the trigemi-
nally medjated oral irritadon experience is indi-
cated by the wholesale adopton of chili peppers,
especially in wopical Africa and Asia, when these
became available after the discovery of the Amer-
icas by the European explorers of the fifteenth and
sixteenth centuries.

Mexican children come to like the bum of chil-
ies sometime berween four and seven years of age.
This happens rather naturally in the course of ¢at-
ing with their families, observing their older family
members eadng and enjoying chilies and being of-
fered mildly seasoned foods by their parents (Rozin
and Schiller 1980). The hedoric reversal associ-
ated with chili pepper is “surface-specific.” Get-
ang to like the bum in one’s mouth does not
cause one to like the bum in one’s eyes. We do
not know wherher exposure of only one part of
the mouth to chili pepper would cause only that
part to “like ir.”

The mechanism of the chili pepper hedonic re-
versa) (or any other reversal) is not known. Mere
exposure, evaluadve conditioning, and a variety of
socia} conditions already cited as promoung liking
arc present. But there are two other mechanisms
of the hedonic reversal thac require, as a precondi-
gdon, an inigal aversion.

First is the idea of opponent processes (Solo-
mon 1980). According to this attractive view, the
body achieves homeostasis, in part, by canceling
our any departure from an optimal position {an A
process) by generating an opposite, countervailing
departure (B process). The opponent concept is
embellished with three addidonal assumpeions: (1)
with exercise, the B process becomes larger in
magnitude; (2) with exercise, the B process shows
a more rapid onset and a much longer tume course,
which extends well beyond the termination of the
stimulus-bound A process; (3) the changes de-
scribed in (1) and (2) occur only when the A pro-
cess is reinstgated before the pror B process has
disappeared. The dynamics of the system are illus-
trated in figure 6.4. Solomon uses opiate addicuon
as a model system. By the opponent analysis, tol-
erance occurs because the building B process re-
duces the effect of the A process (assumption 1).
Withdrawal follows from the second assumpgon,
as the A process dissipates, what remains is a large,
sluggish B process, which produces symptoms op-
posite to those induced by the A process.

The opponent medel is about more than he-
donic change, but it certainly encompasses he-
donic change. For the case of chili peppers, the
pain discomfort of the oral bum is the A process,
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Ficure 6.4 Opponent Process Theory
Panel A Panel B
Flrst Few Stimulations After Many Stimulations
A —~
Manifest
AHective 0
Response
B —
Underlying
Opponernt . b . b
Processes = , . b .
Stimulus
Event

TIME

Source: Solomon 1980, 700. Copyright 1980 the American Psychological Association.
Notes: Schematic representation of opponent process theory. Panel A represents the balance of A and B responses for the
first few exposures. Panel B represents the A and B responses after repeated exposures. The manifest response is the

summaton of the two underlying processes.

and a hyporthetical compensatng “pleasure” B pro-
cess is generated in the brain. Over many experi-
ences, the B process would come to dominate the A
process. (In the original mode!, it was nor assumed
that the B process can dominate the A process while
the A process is near its peak.) Thus, pain becomes
pleasure, and there is a pleasant afterglow. The op-
ponent mode! tracks the process of getung to like
chih pepper rather well. However, there is minimal
evidence for the opponent processes mode! other
than that it rracks the sequence of cither opiate
addiction or chili liking. For example, there are no
signs of a positve afterglow (B process) following
an early negatdve hedonic experience with chili pep-
per (Rozin, Ebert, and Schull 1982).

The opponent model stands as an interesting,
unproven account of hedonic changes. A second
version of the hypothesis, put forth by Siegel
(1977) and Schull (1979), holds that the B pro-
cess, rather than being an innately derermined part
of the system, is a conditioned compensatory re-
sponse. Sicgel has accumulated evidence for the
existence of such compensatory conditoning pro-
cesses in drug addicdon in both rats and humans.

Either opponent model requires muluple expe-
riences in order to generate the full-blown oppo-
nent response. Normally when one encounters a
hedonically negadve situamon, one subsequendy
avoids it. The muluple experiences, for drug ad-
diction or chili use, are created by social pressures
(from addicted companions or family members,
respectvely). Why else would one contnue to as-
sault one’s mouth with something that burns?

For the case of chili pepper and other iniually
painful experiences, it is natural to assume that the
B process is instantiated by the secredon of brain
endorphins. Oversecredon of these, as a result of
the augmentdng B process, would be a narural
channe) for converting pain to pleasure. We have
tried to demonstrate such effects wich chili pepper,
but with results that are only suggestive (see dis-
cussion in Rozin 1990).

The final mode! for hedonic reversal is what we
call benign masochism (Rozin and Schiller 1980;
Rozin 1990). It holds that the whole range of hu-
man pleasures that derive from negatve emotons
or aversions is based directly upon the experience
of negative sensations and experiences. We may
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come to enjoy our body’s negative responses to
sicuations when we realize that there is no, or min-
imal, actual danger. In the case of the roller
coaster, our body is scared, and sympathetically
actvated, but we know we are safe. Similarly for
our crying in sad movies, and the bumm we feel
with chili pepper. Our mouth is saying, “Ger this
out of here,” bur we know it is safe. This type of
enjoyment of constrained nisk is related to Zucker-
man’s (1979) sensadon-secking. One appeal of
the benign masochism model—mind-over-matter
or -body model—is that it is the only one that
neatly explains why hedonic reversals are common
in humans bur very rare in animals. (Can you
imagine cats lining up to get on roller coasters or
o do recreadonal parachute jumping?) The evi-
dence for this model, in the domain of chili pep-
per, is that (1) the peak burn intensity preference
for chili likers is often just below the level chey
claim 15 overtly painful and negagve, and (2) many
chili likers enjoy the body’s defensive reacdon to
high levels of chili pepper: sweadng, nose running,
and eyes reanng (Rozin 1990).

Daniel Berlyne (1971) suggests a similar ac-
count for the many human hedonic reversals, or
what [ call the human proclivity to “play with
fire.” He assembles some quotes from major
thinkers on this point. A. Doring (1890) suggests
that there is pleasure in the inhibitdon of an aver-
sion system, and that it is one of the propernes of
aesthedc systems. Closest to the mark of benign
masochism js Edmund Burke’s (1757) account of
the sublime: “When we have an idea of pain and
danger, without being actually in such circum-
stances” (quoted in Berlyne 1971, 94). Immanuel
Kant (1790/1966) contributes a similar idea: the
dynamically sublime “must be represcnted as ex-
cidng fear.” It is idendfied as “might thar has no
dominion over us.” Kant explains further that
“there accompanies the reception of an object as
sublime a pleasure, which is only possible through
the medium of pain” (quoted in Berlyne 197},
94). We presume that if there is rruth in these ac-
counts, ic may be limited to Homo sapiens. They
may all be linked to our enjoyment of arousal,
within limits (Berlyne 1971).

ProNCIPLES OF PLEASURE: A COMPARISON OF
THR DoMAamNS Or FOOD AND MusIc

We can agree that:

1. Pleasure is a subjecdve (mental) experience.
2. Pleasure is a salient part of mencal life.
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3. Pleasure has 3 motvatng funcdon: we scek 16 main-
rain it or induce it, and to avoid its “opposite,” pain.

4. Pleasures exist in three temporal frames: remem-
bered, experienced, and andcipated.

5. There is something in common (at least items 1
through 4) for all the pleasures we experience, from a
very wide domain of elicitors and acavites.

6. There are at least three types of pleasures: sensory,
aesthedc, and mastery.

Now we shall consider differences between two
very different types of pleasures.

Differences Between Food and Music as Pleasures

Even for ¢laborated culinary experiences, the plea-
sures of food have a sensory quality, a palatabiliry.
We experience the pleasure as coming from the
mouth, even as some of the expedences we have
result from “palate training.” Many of the plea-
sures of eating seem to involve little cognitive pro-
cessing.

The pleasures of music are not localizable. They
are not in our ear; they are generally not like the
soothing sound of ocean waves at the shore. Sum-
ulus “analysis” scens to be much more a part of
music appreciation than of food appreciauon.
Chocolate and Mozart are not equally complex,
and they are not complex in the same way. In the
terminology proposed by Kubovy (this volume),
chocolate is a pleasure of the body, and music a
pleasure of the mind.

The most psychologically appealing account of
the enjoyment of music comes from Leonard
Meyer (1956). He holds an implicatdon/realiza-
ton model. As we listen to Mozart, we internalize
the stylistic structure, develop expectations for the
music, and get pleasure when they are realized.
Unul we have sufficient exposure to get a sense of
the style, we cannot fully enjoy the music. On the
other hand, a new piece of a familiar style fits our
expectatons in general but violates chem in detal.
[t is the pardal match that is pleasurable, and the
lack of a complete match that keeps us from being
bored. William Gaver and George Mandler (1987)
build on Meyer’s formuladon, placing reladvely
more emphasis on the development of schemas of
the musical structure, and less attention than
Meyer on the importance of innate gestalt princi-
ples in providing the soucrure. Gaver and Mandler
argue that discrepancy between the music and the
schema is arousing, and that when this discrepancy
is rather small and resolvable, there is the pleasure
of 2 match energized by the arousal produced by
the slight mismatch.
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There is a serious problem with the Meyer for-
mulation. Why do we continue to enjoy the same
piece of music year after year? We know what is
going to happcen; we don't have expectations, we
bave knowledge. Meyer handles this problem in
two ways: (1) in different performances, the music
is actually subtly different; (2) because memory is
less than perfect, we sdll get expectanon/realiza-
ton pleasure after many hearings. A much more
satisfactory soludon, and one that is of great psy-
chological interest, comes from Meyer’s former
student, Eugene Nammour (1991).

Narmour holds that there are a set of innate ex-
pecratons for sequences of auditory inputs. For
example, we expect patterns to contnue (a reason-
able assumpuon about the world). We expect rep-
etidons to continuc, and we expect rsing short in-
tervals to be followed by more rising intervals.
However, we expect a large change in tonality to
be followed by a “corrective” movement, headed
toward the original note. Narmour holds thar
these innate expectatons are unbidden and un-
changeable. This bortom-up expcctation system
has superimposed upon it a top-down, acquired
style expectadon system of the sort Meyer postu-
lated. The result is that modest violations of innate
expectatons by composers contnue to produce
the arousal or rension that prevents boredom. And
it is this tension resoluton that would seem to be
at least some of the source of the aesthetic plea-
sure of music. Such 2 formuladon does not seem
1o caprure anything of the pleasures of eanng,
even in the most exalted culinary contexts.

Appreciadon of the spatial and temporal array of
sensations produced by an excellent dish or wine
requires experience, directed attenuon, and some
familiarity and expectation with respect to the
genre. Sensory pleasures can be complex and can
scep into the cognidve domain. But the trained
palate, it would seem, does not produce its plea-
sure principally by expecctation and realizanon.
Note that exquisite culinary experiences can well
be assigned to aesthedc pleasures, but not to the
same root cause as musical aestherc pleasures.
There seems, in the exoemes, o be a qualirative
difference berween the pleasure derived from
chocolate, building on a complex interplay of
some innately pleasant textural, aromadc, and
taste sensadons, and the pleasure of Mozart, The
Mozart is made up of sound “units” of no particu-
lar appeal; it is all in the sequence. Burt, of course,
chocolate may be a poor representative of foods; it
offers complexity but has innate appeal. Perhaps
wine, an acquired rtaste, is a berter example. Even

here, however, though the pleasures may be aes-
thetc in some scnse, they are oghuy ged to the
exact form of the sumulus,

The pleasures of the wine connoisseur and the
lover of Mozart probably both include a rouch
of mastery pleasure (described as virtuosity by
Kubovy, this volume)—the realizadon through ex-
perience, in both cases, of a rich structure of har-
monies and sequences. The wine or music grows
in appeal, perbaps from an inigally unpleasant re-
sponse. The Narmour bottom-up and top-down
view parallels the benign masochism account of
reversing innate aversions. In both cases, the ac-
counts posit an interplay and opposidon berween
an innate system that cannot be denied and an ac-
quired, more sophisticated system that reinterprets
or reevaluaces.

Imagine 2 Mozartdan symphony of sensations
played out in the mouth, or on the skin. A gusta-
rory theme, followed by systematic variagons of
the temporal sequence, tempo, and sensation
qualities. Could this result in the type of aesthenc
pleasure that we expenience in music> We could
surely mimic some of the strucrure of music. It
may be that specifics of the auditory system, par-
ticularly tonality and the relations built into it, are
essential for the type of strucrure that gives rise to
the musical experience. Perhaps it is the funda-
mentally and deeply sequential narure of auditory
input, ilustated so well in language, with the
many brain adaptations to process it, that form a
preconditon for the musical aesthetc cxperience.
An alternadve account of pleasures of the mind
(Kubovy, this volume) focuses on the necessary
condition of an experience of a sequence of emo-
gons. This crterion has much to recommend it
bug, like those offered here, founders on the classi-
ficadon of pleasures such as those derived from
massage, wine, or the complex change of sensa-
tons of temperacure, taste, texrure, and flavor that
accompany consuming a bite of ice cream.

We do not know whether a subtle aesthertic ap-
preciadon of food could ever be established in a
nonhuman. Similarly, there is no evidence for an
acquired liking for music in any nonhuman, in
contrast to the ubiquity of music and musical plea-
sure in humans. We have no idea whart the adap-
tve value of listening to music is. One possibility
is that the enjoyment of music is a by-product of
an organism built to be motvated to detect struc-
turc in the world, a clearly adapuve feature.

We can tentatvely conclude that the aesthenc
pleasures of music and the usually more sensory
pleasures of food differ considerably in those pro-
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cesses that mediate berween perception and the
ulomate pleasure experience. However, a sense of
mastery may intrude into both experiences, some-
umes nurtured by rsing above an inital bewil-
dered or aversive response to the stmulus.

Some Preliminary Principles of Pleasure

In this secdon, I offer a very preliminary set of
principles abouc pleasure thar may charactenize
sensory pleasures. If sensory pleasures are a model
for others, such possible principles may have a
wider domain.

L. Sensory pleasure (especially culinary and sexual) is ex-
wemely concext-dependent. The context includes
both the internal and the external (including social)
cnvironument.

2. In general, high levels of sdmuladon are negative,
and often, middle levels are most pleasing. This prob-
ably links directly to the “Wundt curve,” suggesting
maximal hedonic effect for moderate levels of arousal.

3. Most sensory pleasure is experienced in the remem-
bered or anticipated domains, as opposed to the on-
line (cxperienced) domain.

4. Remembered pleasure departs from experienced plea-
surc and is much more sensitve to state changes.
Thus, remembered pleasures show duration neglect
and overemphasis on peaks, onset, and offset (Kahne-
man, Wakker, and Sarin 1997). There are probably
also major order cffects.

5. There are many positive-negative asymmetrics:

a. the body surface provides most of the positive he-
donic inputs and many of the negative inpurs.

b. The body interior provides almost exclusively neg-
anve inputs.

¢. Most hedonically dnged sensory inputs are posi-
dve, but the negadve inputs may be more salient.

6. Familiarity and complexiry play important roles in ad-
aptation and habituadon to sumuladon, but pars of
the sensory pleasure system, especially those having
10 do with pain and some posidve skin sensagons,
show remarkably little hedonic habituation.

7. Combinations of sensory pleasures do not obey any
simple, hedoaic algebra. This may result from large
temporal context effects, limited attention, and spe-
cific interactions. As Duncker (1941) points out, it is
not clear what we would even want to say abour the
pleasure of listening to Becthoven while cating our
favodte food (and having a massage).

8. There is a large effect of experience on sensory plea-
surcs. Hedonic shifts and reversals are common, and
they may be very localized, so that only one patch of
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skin shows a change even though the effects are
surely not at the periphery.

Preadaptation: Pleasuve from Sugar to Mozart

1 began this chapter with the suggestion that the
various hedonic experiences are important and
puzzling from a functonal point of view. I sug-
gested that the subjecdve and expressive side of
the hedonic system may be quite similar across the
different types of pleasures: sensory, aesthetic, and
mastery. The principle of preadaptaton suggests
that the subjecdve and expressive system that origi-
nated for sensory pleasures is co-opted as the output
systemn for the more complex mastery and aesthetic
pleasures. Whatever the funcdon and advancages of
a salient subjective representaton of sensory plea-
sures, the representation is there and can serve the
same functons for more elaborated pleasures. This
“model,” then, holds for conservatism of the out-
put side, with an expanding range and complexity
of elicitors.

If this is so, then one can make some predic-
tions about the neural representadon of the var-
ious pleasures. In particular, one might predicr
thar these very different rypes of pleasures (viewed
from the input side) funnel together somewhere
info a common neural substrate. A common neu-
rochemical mediator, in the endorphin and/or do-
pamine systems, might be implicated. If thar were
true, and the phylogenedc and ontogenetc prior-
ity of the sensory pleasure system could be demon-
strated, then the preadapration and accessibiliry
hypothesis would have much more force.

The preparation of this chaprer was supported by a
National Insgrutes of Drug Abuse (NIDA) grant
(R21-DA10858-0). Thanks to Daniel Xahneman
for helpful comments.
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