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This paper reports a procedure, like classical conditioning, that produces enhancement of liking for flavors by humans. The procedure is “pairing” of a
relatively neutral flavor with sugar (a hedonically positive taste). Specifically,
subjects drank 24 small samples of flavor A sweetened and 24 small samples of
flavor B unsweetened. They were then tested for their liking for flavors A and
B, both sweetened and unsweetened. In three different studies, varying in a
number of aspects of stimulus presentations and context, a relative enhancement
in liking for flavor A appeared both on the day of exposure and 1 week later.
An absolute enhancement in liking of flavor B (a “mere exposure” effect) also
occurred in two of the three experiments.

Our general concern is with how people acquire likes for objects,
particularly,
foods. Very little is known about what produces such a
hedonic change. Over a wide range of conditions, humans develop increased
likings for stimuli as the amount of exposure to them increases (Zajonc,
1968; Harrison, 1977; see Pliner (1982) for a demonstration with flavors).
The question we address is what causes this change.
One possibility is that this empirical relation is its own cause: that is,
“mere exposure” may be a necessary and sufficient condition for an
increase in liking. The alternative is that exposure is a necessary condition
and gives some other process an opportunity to act. It is often difficult
to distinguish these alternatives, since there is no way of being certain
that exposure has been “mere.” Exposure is usually confounded, both
experimentally and in the real world, because specific factors (e.g., satiation)
that might induce a liking are usually present.
Positive consequences of ingestion (perhaps the same consequences
This research was supported in part by NIH Grant HD 12674 and NIMH Training Grant
5-T32-MH15092. We express thanks to R. Rescorla and P. Pliner for comments on the
manuscript, and to McCormick and Company, Inc. for providing the extracts and food
coloring. Requests for reprints should be sent to Debra Zellner, Department of Psychology,
University of Pennsylvania, Philadelphia, Pennsylvania 19104.
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whose anticipation
directly motivates ingestion) may increase liking of
the associated flavors. There is clear evidence for such a mechanism in
the acquisition of dislikes. One specific consequence, nausea, as opposed
to most other negative consequences, has the potent effect of causing
associated flavors to become disliked (Pelchat & Rozin, 1982). It has
been more difficult to demonstrate clear acquired likes in humans based
on specific potent positive consequences. For example, in spite of the
fact that flavored medicines often have rapid positive effects, people tend
not to acquire a liking for them (Pliner, Rozin, Cooper, & Woody, unpublished manuscript). Similarly, explicit rewards for ingesting foods do
not cause children to come to like these foods (Birch, Birch, Marlin, &
Kramer, 1982). However, rapid satiation is capable of producing positive
hedonic changes in humans (Booth, Lee, & McAleavey,
1976; Booth,
1982).
There is evidence that the positive valuation of an item by respected
others (peers, parents, etc.) or other social-affective factors may be a
potent force in fostering acquired likes (Birch, Zimmerman,
& Hind,
1980; Rozin and Kennel, 1983.)
The pairing of a stimulus possessing positive hedonic value with a less
liked food stimulus might also influence the liking for a food through
classical conditioning.
Increases and decreases in preference have been
demonstrated in rats by the pairing of a neutral flavor with a hedonically
positive (sugar or saccharin) or negative (quinine) taste (Fanselow &
Birk, 1982; Holman, 1975). Similar decreases in preference have been
demonstrated in chicks to solutions in the presence of a light previously
paired with quinine (Gillan, 1979). We cannot be certain whether these
represent hedonic changes, since it is difficult to make such a determination
in animals (but see Pelchat, Grill, Rozin and Jacobs, in press).
Although flavor-flavor associations occur all of the time in the course
of meal consumption,
there has been no direct attempt to demonstrate
this phenomenon in humans under controlied conditions. It is possible
that increases in liking for distasteful substances occurred as a result of
flavor-flavor
associations in a study by Gauger (1929) in which aversive
flavors (salt solutions and vinegar) were followed by a small piece of
chocolate. Although liking for the aversive substances increased, there
was not adequate control for mere exposure. However, increases in liking
for items as diverse as potential sexual objects, paintings, and slogans
have been produced by pairing with positive events (see Martin and
Levey (1978) for a review). For example, Razran (1940) reported increases
in liking for a number of stimuli (e.g., slogans) presented to subjects
while they were consuming a free lunch (UCS). It therefore seems plausible
that pairing of a disliked food with a hedonically positive food might
increase the hedonic value of the disliked food.
In the following studies, we ask whether simultaneous pairing of a
neutral flavor with sugar will increase the liking for the flavor.
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EXPERIMENT 1

Since it has been demonstrated previously that mere exposure to a
flavor can increase liking for that flavor (Pliner, 1982) independent of
conditioning,
we gave subjects equal exposure to one flavor sweetened
and a different flavor unsweetened. In order to avoid boredom on the
part of the subjects and problems with demand characteristics, we presented
the sweetened flavor at four different sucrose concentrations and both
flavors were presented in three different colors. In addition, during exposure
we had subjects give sweetness ratings of each sample.
Method
Subjects. Subjects were 36 college students (10 females) divided into
four groups of 8-10 subjects, each receiving two differently flavored
solutions (Celestial Seasonings herb teas, McCormick extracts, and food
colorings.)’ The four groups were named in terms of the flavor that was
sweetened. Group M (n = 9) received Mandarin sweetened and Zinger
unsweetened. Group Z (n = 8) had the opposite pairing. Group A (n =
10) received Apple sweetened and Pelican unsweetened and Group P (n
= 9) had the opposite pairing. Subjects within each group were run at
the same time in a small classroom.
Stimuli. During the first session, each subject was presented with a
tray containing 64 plastic cups (3 oz, Solo PO75) containing 4 ml of the
various teas, at room temperature.
The solutions in the first 48 cups
consisted of 24 instances of the unsweetened tea (8 times in each of
three colors, red, green, and orange)’ and 24 instances of the sweetened
tea (6 instances at each of four sucrose concentrations (2, 4, 6, and 8%
w/v), with one-third of each concentration of sweetened tea in each of
the same three
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TABLE 1
Design
Conditioning
Expt.

Conditioning teas
(group)

phase

48 Exposure trials
(red, green, yellow)

Test 1
(Day 1)
8 test
trials

Test 2
(Day 8)
8 control
trials
(all red)

Number of cups
1

2

3

Mandarin
Zinger

(Ml
m

24-u0, 6~2, 6~4,
6-~6, 6-~8".~

(rate sweetness)

Apple

(A)

Pelican

07

Mandarin
Zinger

W
(Z)

~-SO, 2-s4
2-u0, 2-u4

2-a0, 2-a4’
2-b0. 2-b4

(rate sweetness)

~-SO, 2-s4
2-u0, 2-u4

2-a0, 2-a4
2-b0, 2-b4

24-u0. 6-s2, 6-s4
6-s6, 6-s8

~-SO. 2-s4
2-u0. 2-u4

2-b0.

24-u0,

Apple

(A)

Pelican

(P)

Mandarin
Zinger

CM)
m

24-s4

2-a0. 2-a4
2-b4

(rate bitterness)
a s means the tea paired
sugar. Example: for group
u4 = 24, and u0 = z0.
’ 0, 2, 4, 6, and 8 mean
’ a and b mean the teas

with sugar in training and (u) means the tea not paired with
M (Mandarin sweetened-Experiment
I) s4 = m4, SO = m0,
0, 2. 4. 6, and 8% sucrose, respectively.
not presented during the conditioning phase.

study, subjects were asked to rate the sweetness of the 48 solutions using
a magnitude estimation procedure. They were asked to assign a number
that seemed reasonable to the first solution (always 4% sucrose), understanding that “0” meant not sweet at all, and then to assign numbers
to succeeding solutions in proportion to the apparent sweetness of the
first.
Subjects rated a solution every 30 set on .the experimenter’s
signal.
They were told to swirl the solution around in their mouths for 5 set
until the experimenter
signaled them to swallow. After another 5 set
they were told to assign a number to represent the sweetness of the
solution.
Immediately
following the magnitude estimation procedure for the first
48 solutions, subjects were instructed to give a liking rating on a scale
of 100 to - lOO* to the remaining 16 solutions following the same swirl,
’ Subjects were given a typed sheet containing the 200-point scale with 11 numbers plus
verbal descriptors. They were told that they could assign any value between + 100 and
- 100 and that the numbers and verbal descriptors should serve only as guidelines. The
scale was as follows: + 100 (most pleasant imaginable), +80 (extremely pleasant), +60
(very pleasant), + 40 (moderately pleasant), + 20 (slightly pleasant), 0 (neutral), - 20 (slightly
unpleasant). -40 (moderately unpleasant), -60 (very unpleasant). -80 (extremely unpleasant), - 100 (most unpleasant imaginable).
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swallow, rate procedure as during magnitude estimation. All 16 solutions
were colored red. The first 8 solutions were of four different types, each
presented twice in random order: (1) the previously sweetened tea with
4% sucrose (~4) (see Table 2 for terminology); (2) the previously sweetened
tea, now without sucrose (SO); (3) the previously unsweetened tea, now
with 4% sucrose (~4); and (4) the previously unsweetened tea without
sucrose (~0) (see Table 1). The second 8 solutions were two novel teas
(used as conditioning teas in other groups), also red in color, and presented
in exactly the same pattern as the previous 8 solutions. For example.
the first 8 solutions for Group M were two of each of m4 (Mandarin
with 4% sucrose), m0, 24, and z0. The last 8 solutions in this group were
two of each of p4, p0, a4, and a0.3
Hedonic ratings for the last 16 solutions were repeated 1 week later,
in the same room and at the same time of day. Subjects then filled out
a questionnaire which probed their beliefs about the purpose of the study
and their expectations about the results.

The magnitude estimation of the sweetness of the solutions showed
that the different sucrose concentrations could be discriminated and that
the color of the solutions had no consistent effect on sweetness ratings.
Our study depends on the fact that sucrose is a positive stimulus (US).
i.e., that its immediate presence enhances the hedonic rating of the teas.
We made this determination
by examining the ratings of the eight teas
which were not part of the conditioning paradigm, at the end of each
session. The addition of sucrose enhanced the hedonic ratings of each
of the four teas. Mean increases were 51, 56, 41, and 48 points (for M,
Z, A, & P, respectively). The unsweetened teas were generally disliked
(mean ratings of -37, -50, - 28, and - 52 for the four teas), and the
sweetened teas were neutral to mildly positive (14, 6, 14, and -2 for
the four teas).
The pairing of sucrose with a tea produced a subsequent increase in
liking for that tea, on both the day of exposure and 1 week later. Our
basic measure of liking is a comparison of the rating of the sugar paired
tea (S4) (Table 2) (mean of the two ratings for the tea by the individual
subject) with the hedonic ratings for that same tea by the control groups
(S4c) (the groups being conditioned on a different pair of teas). We call
this value S4d (Table 2). For example, for subjects given Mandarin with
sugar, our measure is the mean of each individual’s
rating of sweet
Mandarin (M4) minus the mean of the ratings for this same tea by all
control subjects (M4c) (groups P and A). Tests 1 (Day 1) and 2 (Day 8)
3 m, z, p, and a refer to cups of the Mandarin, Zinger, Pelican, and Apple teas. respectively.
The 4 and 0 refer to 4 and 0% sucrose, respectively.
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TABLE 2
and Measures Used

s4
so
u4
uo

Flavor
Flavor
Flavor
Flavor

s4, so, u4, lJ0

Ratings for teas used during conditioning
subjects

---s4c, sot, u4c, uoc
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paired with sucrose (sweetened 4%)
paired with sucrose (unsweetened)
exposed plain (sweetened 4%)
exposed plain (unsweetened)
by individual

Mean ratings by controls for same solutions when not previously exposed

S4d, Sod, U4d, UOd

Difference between ratings of individual subjects on teas used
during conditioning and the mean control rating of that same
tea

S4d
SOd

Mean of S4d values
Sweet pairing plus
Mean of SOd values I mere exposure effect
Mean of U4d values
Mere exposure effect
Mean of UOd values

im
UOd

Overall
Two sweet-paired tea measures
minus two plain- measures
[(S4d+SOd)-(U4d+UOd)]t2

Net sweet effect over and
above mere exposure effect

were computed separately. We combine data from all four groups in the
analyses. All groups showed effects in the same direction.
Subjects receiving flavor-sucrose pairings showed a greater enhancement
of liking for the sweet-paired flavor than did controls (S4d, Table 2);
S4d, was positive, on the first test (+ 17.0 mean increase compared to
control, 30/36 [i.e., S4d was positive in 30 of 36 cases], p < .001, twotailed sign test) and (+ 22.3, 30/35, p < .OOl) 1 week later (see Fig. 1A).
That is, the flavor paired with sweet during the sweetness rating part of
the procedure shows enhanced liking compared to controls when it is
presented in the sweet form (~4). More surprisingly, an enhance liking
of about the same size for the sweet-paired flavor occurs when we test
it without added sugar (SOd, Table 2). Here (see Fig. 1A) SOd = + 18.3
(28/36, p < .Ol) on the first test and SOd = +21.8 (28/35, p < .Ol) 1
week later (Fig. 1A). Note that here the enhanced liking is for the flavor
in novel, nonsweet form.
We would like to conclude that the pairing with sweet was the critical
variable. However, there are two alternative explanations for the data:
(I) demand characteristics (compliance) and (2) mere exposure.
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FIG. 1. Mean change in hedonic rating for all teas and the net sweet effect over and
above the mere exposure effect (Overall). (A) Experiment 1; (B) Experiment 2; (0 Experiment
1
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If the subjects in the study expected the consequences of pairing a
flavor with sugar to be an increase in liking of that flavor, their hedonic
ratings of the flavors might have been influenced by this belief. However,
responses given on postexperiment
questionnaires indicate that no more
than four subjects had any conception of the actual purpose of the experiment. Furthermore,
when given the design of the experiment and
asked to predict the results (which flavor would be preferred in the sweet
and nonsweet testing conditions), only nine subjects predicted the correct
pattern. It therefore appears that demand characteristics are an unlikely
explanation of the present results.
Perhaps mere exposure accounts for the results since the sweet-paired
tea was experienced much more often in the “experimental”
group (e.g.,
group M had m4 6 times before the test and 18 other versions of the
Mandarin tea with different levels of sweetness) than by the controls (0
times before test 1). We can gauge the effect of mere exposure by looking
at whether there is an enhancement for the tea not paired with sugar
(~0, Table 2, e.g., z0 in group M), which was experienced 24 times before
test 1 for group M and 0 times before test 1 for groups A and P (Table
1). To test for this effect we compared the mean hedonic rating of this
tea in the unsweetened form (e.g., z0 for group M) with the control
values for that tea (mean z0 rating for groups A and P). If the mere
exposure effect occurred, these values should be positive. There was no.
such effect on the first test (UOd = .-0.9, 17/36, ns), but there was an
enhancement on the second test (UOd = + 14.4, 29/35, p < .05) (Table
1, Fig. 1A). A similar pattern of results appeared for U4 (Fig. 1A) in
that there was no significant enhancement on the first test (U4d = + 2.41,
21/36, ns), but there was an enhancement on the second test (U4d =
+ 13.84, 26/35, p < .05). Hence it is possible that the positive effect
on the second test was, at least in part, a mere exposure effect (Fig.
IA).
Since there was an increase in hedonic ratings of both flavors, possibly
due to the mere exposure effect we compared the overall hedonic increase
of the two sucrose-paired teas with the hedonic
increase of the two
-unsweetened teas, Overall = [(m+sod)
- (U4d+ UOd)] + 2 (see Table
2). We found that the net increase in hedonic ratings for the sucrosepaired flavor, subtracting out any mere exposure effect, was + 16.86
(25/36, p < .05) on the first test and +7.78 (26/35, p < .05) on the
second test (Fig. 1A).
Discussion
The results of Experiment
1 show both a mere exposure effect and
an effect of pairing with sweet, over and above the mere exposure effect.
Although Experiment
1 indicates that likings for flavors can increase
when the flavor is paired with sucrose, the fact that the sucrose-paired
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flavor was presented in four different concentrations while the unsweetened
flavor was always the same, presents some problems. Exposure was not
equal for the two flavors, ignoring color (there were six exposures each
at four different levels of sugar of the sweetened flavor, versus 24 identical
exposures of the unsweetened flavor). Since Stang (1975) has shown that
repeated access (“overexposure”)
to one flavor may decrease the hedonic
value of that stimulus, it is possible that the significant preference of the
sugar-paired flavor on Day 1 resulted, in part, from depression of the
preference of the unpaired flavor as a result of overexposure.
EXPERIMENT

2

This study controls for differences in number of exposures of different
varieties of the two flavors (differences in sucrose concentration of the
sweet-paired flavor) by presenting the sucrose-paired tea in only one
sucrose concentration (4%).
Method
Subjects were 41 college students divided into four groups (teas M, Z
A, or P sweetened, as in Experiment 1) of 8-12 subjects, each receiving
two different flavored solutions. The solutions and procedures were exactly
the same as in Experiment
1 except that all the sweet solutions in the
training phase contained 4% sucrose.
Results
Again, as in Experiment
1, the sucrose enhanced the hedonic ratings
of each of the four teas (mean increases of 68, 57, 43, and 64 points for
each of the four teas, M, Z, A, and P, respectively, on the 200-point
scale). The unsweetened teas were generally disliked (mean ratings were
- 35, - 43, - 30, and - 34) and the sweetened teas were rated as positive
(33, 14, 12, and 30).
There was an enhanced liking for the-- sweet-paired flavor when tested
in the sweet form relative to controls (S4d) (S4d = + 28.17, 35/41, p <
.OOl, test 1, and S4d = +29.36,36/41,
p < .OOl, test 2), and an enhanced
liking of about the same for the sucrose-paired flavor occurred when we
tested the sugar-paired flavor without added sugar (SOd) (Sod = + 22.56,
32/41, p < .Ol, test 1, and SOd = +30.04, 35/41, p < .OOl, test 2) (Fig.
1B).
Once again, there was an increase in liking for the flavor never paired
with sugar, although to a lesser extent than the sweet-paired flavor. For
the unpaired flavor without sugar (uO), a significant increase in hedonic
rating compared to controls was not found on the first test (uod) (UOd
= + 11.92, 27/41, ns) but did occur on the second day of testing (UOd
= +26.89, 30/41, p <-- .OOl). Significant effects appeared as well for u4
both on the first test (U4d) (U4d = + 15.89, 30/41, p < .Ol) and on the
second test (U4d = + 17.92, 30/41, p < .Ol) (Fig. 1B).
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Since there was an increase in hedonic ratings of both flavors (as in
Experiment
l), we subtracted out the mere exposure effect (see Table
2) and found a significant net increase in hedonic ratings for the sucrosepaired flavor (Overall) (Overall = + 11.45 29/41, p < .05 on the first test
and overall = +7.30 30/41, p < .Ol on the second test) (Fig. 1B).
Discussion
Experiment
2 replicated the results of Experiment 1, and showed a
mere exposure effect and a sucrose-pairing effect. The results rule out
the possibility that mere exposure and overexposure effects explain the
sweet-paired enhancement.
EXPERIMENT 3

We now begin to explore the range and limits of this effect. In the
preceding two studies, sweetness was salient in the training phase since
subjects were asked to estimate the magnitude of the sweetness of the
samples. It is possible that attention to the sweetness of the stimuli is
important in obtaining the conditioning effect. The present study examined
this issue by varying the procedure of Experiments
1 and 2. Subjects
were asked to give magnitude estimations of the bitterness rather than
the sweetness of the solutions.
Method
Subjects. Subjects were 38 college students divided into two groups.
For one group Mandarin was sweetened and Zinger was not, and the
other group had the opposite pairing. The subjects were run in five
sessions of 6-10 subjects.
Stimuli. The solutions and method of presentation were the same as
in the preceding two experiments except that only one pair of solutions
was used (Mandarin and Zinger).4
Procedure. The procedure was identical to that of Experiment 1 except
that (1) subjects were instructed to give magnitude estimates of the
bitterness of the solutions during the conditioning
phase; (2) subjects
read that the beverages were European and either popular (one-half of
subjects) or of medicinal value (other half of subjects) (see footnote 5);
(3) no control values (of Mandarin and Zinger teas) were obtained (since the
Apple and Pelican groups that would generate them were not run).4
As in Experiment 1, subjects were given the sweetened tea in four sucrose
concentrations during the conditioning phase (2, 4, 6, and 8%), followed
by exactly the same set of 16 test solutions as in Experiments 1 and 2.
As in Experiments 1 and 2, these same hedonic ratings were again obtained
1 week later.
4 Apple and Pelican groups were not run in this experiment. Control values for the
Mandarin and Zinger teas from Experiment 1 were used.
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Results
Our basic measure of liking is a comparison of the rating of the sugarpaired tea with the hedonic ratings for that same tea by the control
groups from Experiment I (see Table 2). For example, for subects given
Mandarin with sugar, one measure for each subject is the mean of each
individual’s
rating of sweet Mandarin (M4) minus the mean of the ratings
for this same tea by all control subjects in Experiment 1 (from Groups
P and A). We combine data from all four groups (M or Z sweetened
and two sets of instructions)’
in the analysis below. All groups showed
effects in the same direction.
The s4 enhancement was not significant on test I (S4d = + 3.45,23/38,
ns). For the test 1 week later the effect was much larger and significant
(S4d = t-22.02, 29.5/35, p < .Ol) (see Fig. 1C). A similar pattern of
results was obtained for SO (the sugar-paired flavor without added
sugar): SOd = - 1.32, 17/38, ns, on the first test, and SOd = + 16.50,
27/35, p < .Ol, on the second test (Fig. lc).
There was no significant increase in liking for the flavor never paired
with sugar presented in the unsweetened form (~0) on the first test (UOd
= -4.61, 15/38, ns) or 1 week later (UOd = + 11.38, 15/38, ns). Results
were similar for this same tea in the sweetened form (~4) on the first
test (U4d = -8.70, 15/38, ns) and on the second test (U4d = + 1.60,
20/35, ns) (Fig. 1C).
The net enhancement of the sweet-paired flavor (subtracting out a
mere exposure effect; Overall) was +7.70 (26/38, p < .OS> on the first
test and + 12.70 (28/35, p < .Ol) on the second test (Fig. 1C).
Discussion
Experiment 3 replicated the basic sweet-pairing effect of Experiments
1 and 2, but not the mere exposure effect. It is possible that the bitter
the mere exposure effect and also to
rating procedure “suppressed”
some extent the conditioned hedonic increase to the sweet-paired flavor
in the first test. We do not know why rating bitterness rather than
sweetness would alter the mere exposure effect. It is also possible that
the variation in the instructions (context) may have had some effect.
GENERAL DISCUSSION

The question of how people come to like certain foods probably has
a complex answer involving a number of mechanisms including exposure,
’ This experimemt was originally designed to test another issue as well as the importance
of sweetness or bitterness ratings. The question was whether the sweet enhancement effect
would be altered (reduced) if subjects thought of the solutions as medicinal. All subjects
were told that the beverages came from Europe. Half were told that they were popular
beverages there, and the other half were told that they were used for their medicinal value.
This manipulation had no effect, and we combined the medicine and nonmedicine subjects
in the analysis in this study.
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conditioning, cognitive, and social factors (Rozin, 1979; Thorndike, 1935).
The present set of studies provides evidence for flavor-flavor associations
as one such mechanism. Pairing a neutral or slightly aversive flavor with
a positive flavor can increase the liking for the less liked flavor. This
conditioned liking appeared with 24 sugar pairings, whether the subjects
rate sweetness or bitterness, and lasts at least 1 week. The effect was
observed with four different flavors. The types of flavors used in these
studies (teas and sucrose) are often presented together in the real world.
This (cultural?) compatibility
of flavor might be a necessary condition
for this effect. For example, sweet pairing might not enhance the flavors
of meats.
The present results (and the results of the animal study of Fanselow
& Birk, 1982) suggest that decreases in liking might occur in a similar
manner, by pairing a hedonically negative flavor with a more neutral
flavor.
The conditions under which we have demonstrated conditioned likings
in these studies are limited. We have yet to determine all of the conditions
under which this effect will appear (except for two variations carried out
in this study), and in particular, whether it actually occurs in the real
world, when people ingest sweet foods or any flavor in association with
an already liked or disliked flavor.
The results of our experiments do suggest that flavor-flavor associations
provide one fairly robust mechanism by which people develop likings
for foods.
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