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The contributions of smell and taste
to overall intensity: A model

DAVID E. HORNUNG and MELVIN P. ENNS
St. Lawrence University, Canton, New York

A model is proposed to describe mathematically the integration of olfaction and gustation in
producing the sensation ofoverall intensity or flavor. The basis ofthis additive model is the premise
that the sensation of overall intensity is composed of the summation of the estimates of the in
tensities of smell and taste. However, since this summation has been consistently shown to be
greater than the estimates of the intensity of flavor, the additive model is modified such that
the psychophysical functions describing the magnitude estimates of smell and taste are "reduced"
when used to predict the overall intensity or flavor. The model's predictive capacity is demon
strated by the results of a test using the Two-Module Delivery System (Hornung & Enns, 1984)
to present the odorant ethyl butyrate and the tastant sucrose. Using all combinations of distilled
water and three concentrations of the odorant combined with distilled water and three concen
trations of the tastant, subjects used the method of absolute magnitude estimation to scale the
intensities of smell, taste, and flavor. Estimates of overall intensity (flavor) were predicted ac
curately from the intensity ratings given to smell and taste.

Although it is generally agreed that olfaction and gusta
tion add together in some way to produce the sensation
of flavor, the exact definition of this additivity has been
less certain. The results of one set of experiments seem
to indicate that the additivity is essentially 100%, whereas
other results suggest that the estimate of overall intensity
is significantly less than the sum of the olfactory and gusta
tory components. In part, this apparent conflict occurs
because of the difference in judgmental tasks given to the
subjects. The present paper will determine the extent to
which judgments of overall intensity can be predicted from
focused judgments of taste alone and smell alone. From
these predictions comes a mathematical model that
describes the contributions of taste and smell in determin
ing the overall intensity of a flavor stimulus.

The data supporting the suggestion of complete (100%)
additivity have come primarily from the pioneering work
of Murphy and Cain (1980) and Murphy, Cain, and Bar
toshuk (1977). Murphy et al. used the odorant ethyl
butyrate and the tastant sodium saccharin and found that
the estimated overall intensity of the flavor mixture was
93 % of the sum of the estimates of the overall intensities
of the smell and taste. Murphy and Cain found 85% and
90% additivity for the odorant citral with the tastants su
crose and sodium chloride. Even though these results did
not show 100% additivity, correcting the estimates of the
taste and smell intensities by subtracting the taste and smell
intensities reported for distilled water (subtraction of false
positives) yielded a picture of complete additivity (Mur
phy & Cain, 1980).

This work was supported by a grant from the General Foods Corpo
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In both of the studies mentioned above, estimates of
the intensity of the odorant, as well as the olfactory com
ponent of the flavor mixture, came through the mouth.
That is, subjects placed the stimuli in their mouths and
then judged the overall intensity of the smell, taste, or
flavor. With this method of stimulus presentation, the
odorant(s) could reach the appropriately tuned receptors
only by moving from the oral cavity to the headspace
above the olfactory receptors (a condition referred to as
"retronasal olfaction" by Burdach, Kroeze, & Koster,
1984). In these experiments, the overall intensity of the
flavor mixture was compared to the sum of the overall
intensity of the odorant and the overall intensity of the
tastant.

The results supporting the suggestion that the estimate
of overall intensity is significantly less than the sum of
the olfactory and gustatory components have come from
studies in which the odorant molecules were directed to
the olfactory receptors as a result of a sniff ("nasal ol
faction," Burdach et al., 1984). Also, in these studies,
the overall intensity of the flavor was compared to the
estimates of the intensity of the odor and taste, not the
overall intensity of the odorant and tastant. Enos and Hor
nung (1985) used a solution of almond extract as both the
odorant and tastant and found only a 67 %additivity. Like
wise, Garcia-Medina (1981) reported an 80% additivity
with solutions of acetic acid and a 57 % additivity with
solutions of coffee. Applying a correction for the estimates
of the intensity of the smell and taste of distilled water
would not produce a picture of complete additivity for
either the data of Enos and Hornung or that of Garcia
Medina.

Enos and Hornung's (1985) results were obtained us
ing the Two-Module Delivery System (Hornung & Enos,
1984) to present the stimulus. This delivery system has
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Low Moderate High

Ethyl Butyrate and Sucrose Mixtures

THE MODEL

7.4 14.2 19.0
10.4 20.8 30.5

Table 1
Mean Estimates of Overall Intensity Compared with

the Summation of the Mean Estimates of the
Intensity of Smell and Taste

Smell
Taste
Overall
Intensity 10.0 19.3 33.7

Percent 56.2% 55.0% 68.1%

Note-Percent = [Overall Intensity/(Smell+Taste)] x 100.

Since all of the experimental data suggest that the sen
sation of overall intensity is composed of the summation
of the estimates of the intensities of smell and taste, the
general form of the relationship between smell, taste, and
overall intensity should be:

"+"Overall Intensity IX "+"Smell + "+"Taste. (1)

However, we propose that this summation is greater than
the estimates of overall intensity. We suggest that this lack
of complete additivity is accomplished by the "reduction"
of the psychophysical functions of smell and taste by con
stant factors k, and k; Thus the proportionality becomes:

"+"Overall Intensity = k.("+"Smell) + kt("+"Taste). (2)

Considering that the range of the percent additivity for
all the stimulus pairs so far studied is between 57 % and
90%, it seems reasonable to assume that the values for
k. and k, are closer to 1 than to 0, and that the values for
the constants k, and k, are probably stimulus specific.

The use of correction factors in this model seems to
be justified on the basis of previous studies in which the
odorant was manipulated independently of the tastant.
When all combinations of four concentrations of instant
coffee (Hornung & Enns, 1984) or almond extract (Enns
& Hornung, 1985) were used, estimates of overall inten
sity were shown to be composed of the sum of the arith
metic estimates of the tastant and odorant. When overall
intensity was plotted against the concentration of either

On the average, estimates of the overall intensity of the
ethyl butyrate/sucrose mixtures were approximately 60%
of the sum of the estimates of the intensities of the smell
and taste of the ethyl butyrate/sucrose mixtures (Table 1).
Thus, even when the entire flavor solution was presented
in the mouth via an open-cup delivery system, the esti
mates of overall intensity were substantially lower than
the sum of the estimates of olfaction and taste. Therefore,
the results obtained with the Two-Module Delivery Sys
tem do not appear to be unique to this delivery system.
It is with this background that we propose the following
model as an attempt to describe the relationship between
olfaction, taste, and overall intensity.

EXPERIMENT 1

Results
The arithmetic mean of the three estimates of the odor,

taste, and overall intensity of each concentration was cal
culated and used in the data analysis.

the advantage over the open-cup delivery system of per
mitting the concentration of a stimulus delivered to the
nose to be varied independently of the concentration deli
vered to the mouth. However, with the Two-Module
Delivery System the relative timing of the olfactory and
gustatory stimuli must be considered. That is, because the
system requires that a subject smell and then taste the
flavor solution, the smell and taste occur sequentially.

It must be recognized that the open-cup delivery sys
tem also results in a sequential stimulation of the nose and
mouth. That is, after a stimulus is placed in the mouth,
odorant molecules must diffuse through the nasopharynx
to reach the olfactory receptors, whereas the gustatory
molecules are applied directly to the taste receptor area.
However, the difference between the onsets of the olfac
tory and gustatory components of a flavor stimulus is in
all likelihood greater with the Two-Module Delivery Sys
tem than with the open-cup delivery system. Therefore,
before we attempted to reconcile all the above data it was
necessary to determine how much of the suppression ob
served by Enns and Hornung (1985) was due to the
method of stimulus presentation. Thus, in Experiment 1
the scaling techniques employed by Enns and Hornung
(1985) were used to determine the intensity of oral olfac
tory, gustatory, and flavor stimuli presented to the sub
jects with 'an open-cup delivery system.

Method
The stimuli were solutions of ethyl butyrate (Eastman Organic

Chemicals Co., Rochester, NY) and sucrose (Sunny Square brand,
purchased from a local supermarket) prepared in distilled water.
These stimuli were chosen because each had been used in previous
experiments to explore the components of flavor (Gillan, 1983; Mur
phy & Cain, 1980; Murphyet al., 1977). Three stimulus mixtures
were prepared: low intensity (0.01 % ethyl butyrate with 5.0% su
crose), moderate intensity (0.04% ethyl butyrate with 10.0% su
crose, and high intensity (0.16 % ethyl butyrate with 20% sucrose).
(All ethyl butyrate concentrations were v/v; all sucrose concentra
tions were w/v.) The stimuli were delivered via standard medicine
cups, with 10 ml available for each trial. Ten undergraduate col
lege students served as subjects.

To acquaint the subjects with the method of absolute magnitude
estimation (AME), the experimenters had each subject estimate the
length ofseven lines, using a technique reportedin detail elsewhere
(Enns & Hornung, 1985; Zwislocki & Goodman, 1980). After plac
ing each mixture in their mouths, the subjects were asked to use
the AME method to estimate the intensity of the odor. On separate
trials, the subjects rated the intensity of the taste of each solution.
Finally, the subjects were asked to estimate the overall intensity
of the three mixtures. They were instructed to place the solution
in their mouths and then answer the question "What is the overall
intensity of the solution?" Overall intensity was defined as "some
combination of the smell and taste." Each of the odorant/tastant
combinations was presented three times for a total of nine trials.
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the odorant or the tastant, parallel lines emerged. These
parallel lines, without any statistical interaction, suggest
that a taste number is being added to a smell number to
produce the sensation of overall intensity (Anderson,
1970). Also, since the relation between the perceived
overall intensity and the sum of the perceived smell and
taste intensities did not change as the concentration of the
odorant or tastant was changed, it was assumed that the
olfactory and gustatory components were being sup
pressed in the mathematical manner described above.

The values of k could be experimentally determined if
overall intensity was judged when either perceived taste
or smell was equal to zero. Then, if the above model is
correct, the estimates of overall intensity would be less
than the estimates of the intensity of the smell or taste
alone. Furthermore, the k, would be the antilog of the
difference between the log estimate of the intensity of the
odorant and the log estimate of the overall intensity with
no taste stimuli present. The same logic would apply for
k, when the smell was equal to zero. In these situations,
the percent suppression would reflect the k term ofeither
taste or smell. (The larger the percent suppression, the
greater the difference between the ratings of overall in
tensity and the sum of the ratings for smell and taste.
When smell and taste are equal to overall intensity, the
percent suppression is equal to zero.)

Since nasal olfaction does not preclude retronasal ol
faction, and vice versa (Enos & Hornung, 1985), the rela
tionship of retronasal olfaction to the olfactory term in
Equation 2 needs to be considered. That is, whenever the
presence of a retronasal smell can be documented, and
this smell occurs along with a nasal smell sensation, the
combination of these two smells could have a number of
possible effects on Equation 2. Unfortunately, almost
nothing is known about the way in which smell sensations
from two locations influence the perception of odorants.
Therefore, the olfactory term in Equation 2 is intended
to reflect the psychophysical function of the total olfac
tory component of a flavor mixture. Exactly how nasal
and retronasal smell add together to produce this total ol
factory sensation needs to be determined experimentally
(Burdach et al., 1984).

It is necessary to have data on a larger number ofchem
icals before we can determine the accuracy of Equation 2
in predicting the intensity of flavor from the intensities
of the olfactory and gustatory components. In addition,
flavor certainly involves stimulus parameters other than
intensity of smell and taste (e.g., texture, color, and tem
perature). The final equation describing flavor will have
to consider these and many other factors.

However, the proposed model seems to describe previ
ously reported data. For example, Cometto-Muniz (1981)
suggested that the perception of overall intensity reflected
the more prominent feature of a taste/smell mixture. If,
as the model suggests, taste and smell sensations add
together to produce the intensity of flavor, and if one of
these sensations is significantly larger than the other, then
in one sense the overall intensity does reflect primarily

the more prominent feature. Indeed, given the concen
trations and stimuli used by Cometto-Muniz, the present
model seems to predict the overall intensity data that was
reported. Additionally, the present model apparently
predicts the results when olfaction and gustation are ap
proximately equal, a limitation of the explanation offered
by Cometto-Muniz.

One of the assumptions of the present model is that the
kind of judgment (overall intensity or modality-specific)
has some influence on the perception of intensity. The
model is conceived such that overall intensity of a
taste/smell mixture can be predicted from the corrected
intensities of taste and smell. These corrections represent
a measure of the amount by which smell and taste are
reduced when the subject estimates overall intensity. The
product of k. and the intensity of the smell is thus equal
to the overall intensity that one would assign to the smell
when the taste was equal to zero. Likewise, the product
of k, and the intensity of the taste is equal to the overall
intensity that one would assign to the taste when smell
was equal to zero.

Garcia-Medina (1981) proposed a vector summation
model, as previously applied to odor mixtures (Berglund,
Berglund, Lindvall, & Svensson, 1973), to describe
mathematically the lack of complete additivity that she
observed. However, Enos and Hornung's (1985) results
indicate that overall intensity does not equal taste when
smell equals zero. Likewise, overall intensity does not
equal smell when taste equals zero. Therefore, the vec
tor model does not seem to be a likely explanation of the
way in which perceived taste and smell interact to produce
the sensation of flavor.

As an empirical test, we conducted two experiments so
that the estimates of overall intensity of odorant/tastant
mixtures predicted by the model could be compared to
estimates actually given by the subjects. In these experi
ments, the odorant was again ethyl butyrate and the tas
tant was sucrose. Three concentrations (0.01 %,0.04%,
and 0.16%) of ethyl butyrate and three concentrations
(5.0%, 10.0%, and 20.0%) of sucrose were prepared in
distilled water. The subjects smelled and/or tasted all
stimuli, which were delivered via the Two-Module Deliv
ery System (Hornung & Enos, 1984).

EXPERIMENT 2

Method
Twelve undergraduate college students, experimentally naive as

to the psychophysical techniques of scaling smell and taste, served
as subjects. They were asked to use the AME method to estimate
first the lengths of lines and then the intensity of the odor of dis
tilled water and the three concentrations of ethyl butyrate. The first
solution given was always the middle concentration of the odorant
solutions. Each of the remaining solutions was presented individu
ally, with the order of presentation randomized. Each solution was
presented three times for a total of 12 trials. The intensity of the
odorant was determined following a sniff (Hornung & Enns, 1984).
The remainder of the procedure for determining the intensity of
the odorants was identical to that described previously (Enns & Hor
nung, 1985). Next, each subject was asked to use the AME method
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Table 3
Comparisons of Perceived Taste and Overall Intensity

of Sucrose

Table 2
Comparisons of Perceived SmeDand Overall Intensity

of Ethyl Butyrate

FoDowing this initial battery of tests, 12 of the subjects were asked
to estimate the intensity of the taste of distilled water and the three
concentrations of sucrose with vapor of distilled water or one of
the three concentrations of ethyl butyrate in the nose. The subjects
were instructed to smell, then taste, then smell the solution again
before answering the question "How intense does the solution
taste?" All combinations of the four odorants and four tastants were
presented twice, for a total of 32 trials.

Following the initial battery of tests (described above), the re
maining 12 subjects were asked to estimate the intensity of the smeD
of distilled water and the three concentrations of ethyl butyrate with
distilled water or one of the three concentrations of sucrose in the
mouth. The subjects were instructed to taste, then smell, the solu
tion before answering the question "How intense does the solution
smell?" Intensity estimates were made while the tastant was in the
subject's mouth. All combinations of the four odorants and four
tastants were presented twice, for a total of 32 trials.

Results
For each subject, the arithmetic mean of the estimates

of the odor and taste ofeach concentration was calculated.
Estimates given by 1 subject to the smell of ethyl butyrate
and the taste of sucrose were greater than 3.0 standard
deviations from the mean; as a result, the data from this
subject were not included in the analysis of the data.

Intensity estimates of the taste of distilled water were
significantly higher when it was paired with the smell of
ethyl butyrate than when it was paired with the smell of
distilled water [F(3,30) = 3.30,p < .05]. Furthermore,
when the smell of the highest concentration of ethyl
butyrate (0.16%) was paired with the taste of sucrose,
estimates of the intensity of taste were significantly higher
(81%) than the estimates given when the smell ofdistilled
water was paired with the taste of sucrose [F(3,30) =
4.22, P < .05]. Table 4 shows the effect of ethyl butyrate
vapors in the nose on the taste of distilled water and the
three concentrations of sucrose.

Because the smell of ethyl butyrate affected the taste
of distilled water, the taste of distilled water could not
be assumed to represent the zero-taste condition. Thus,

5.73

7.616.44

5.13

2.90

3.91 6.40 10.31

Log Percent Tastant Concentration

0.70 1.00 1.30

3.18

5.12 7.43 9.79

Log Percent Odorant Concentration

-2.00 -1.40 -0.80
Smell

Overall Intensity
(with water in
in the mouth)

Taste
Overall Intensity

(with water vapor
in the nose)

EXPERIMENT 3

Results
The psychophysical function (log-log coordinates)

describing the scaling of the odor of ethyl butyrate was
m = 0.23; Y = 1.18; r = 1.00. The psychophysical func
tion (log-log coordinates) describing the scaling of the taste
of sucrose was m = 0.70; Y = 0.10; r = 1.00.

Estimates of overall intensity were influenced by
changes in the concentration of the odorant [F(3,33) =
18.69,p < .01] and tastant [F(3,33) = 29.05,p < .01],
but not by the interaction of the odorant and the tastant.
A comparison of the arithmetic estimates of overall in
tensity of the nine combinations of the odorantltastant mix
tures with the sum of the arithmetic estimates of the un
mixed components of the odor of ethyl butyrate and the
taste of sucrose indicated that the estimates of overall in
tensity were only 70% as great as the sum of the estimates
of smell and taste.

In Table 2, the estimates subjects gave to the smell of
ethyl butyrate are compared with the estimates given to
the overall intensity of the combination of the smell of
ethyl butyrate and the taste of water. As can be seen in
this table, average estimates of overall intensity were less
than the estimates of the smell of ethyl butyrate. In Ta
ble 3, the estimates subjects gave to the taste of sucrose
are compared with the estimates subjects gave to the over
all intensity of the combination of the taste of sucrose and
the smell of water vapor. Again, estimates of overall in
tensity were less than the estimates of the taste of sucrose.

Because, as discussed above, the calculations of k, and
k, can be influenced by the presence of either retronasal
smell or referred taste, we conducted a third experiment
to determine how the taste of sucrose was affected by a
sniff ofethyl butyrate and how the smell of ethyl butyrate
was affected by a taste of sucrose.

to estimate the intensity of the taste of distilled water and the three
concentrations of sucrose. The methodology was the same as that
described for the estimates of the smell of ethyl butyrate, except,
of course, that subjects took the stimuli into their mouths and then
estimated the intensity of taste.

Finally, the subjects were asked to estimate the overall intensity
of all combinationsof the odorants and tastants. They were instructed
first to smell and then to taste the solution, and then to answer the
question "What is the overall intensity of the solution?" Overall
intensity was defined as "some combination of the smell and taste."
Each of the odorant/tastant combinations was presented twice for
a total of 32 trials.

Method
Twenty-four undergraduate students, experimentally naive as to

the psychophysical techniques of scaling smell and taste, were asked
to estimate the lengths of lines, the intensity of the smell of dis
tilled water and three concentrations of ethyl butyrate, and the taste
of water and three concentrations of sucrose (three repetitions for
each smell and taste; the concentrations were the same as those used
in Experiment 2). The method and order of presentation of the
stimuli were identical to that described for Experiment 2. These
smell and taste trials constituted the initial battery of tests and were
completed by all 24 subjects.
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Sucrose Ethyl Butyrate Concentrations
Concentrations Water Low Medium

Table 4
Effects of Ethyl Butyrate Vapor in the Nose
on the Taste of Water or Sucrose Solutions

Water
Low
Medium
High

0.68
2.94
4.23
6.02

1.11
3.73
6.67
7.94

1.33
3.63
5.12
9.15

High

1.40
3.63

10.25
10.00

Using these calculated values of k, and k.; and the esti
mates subjects gave to the smell of ethyl butyrate and the
taste of sucrose, calculations ofoverall intensity were de
rived for each of the nine odorant/tastant combinations
(Table 6). The model predicted estimates of overall in
tensity to be 68% as great as the sum of the estimates of
smell and taste. Thus, the data given by the subjects (70%)
and the data predicted by the model are in good
agreement.

Smell Concentrations

Table 5
Effects of Sucrose in the Mouth on the SmeD of

Water or Ethyl Butyrate Solutions

Table 6
&timates of OveraU Intensity for aU Combinations of
the SmeD of Ethyl Butyrate and the Taste of Sucrose

Taste Actual* Predictedt
Concentrations Low Medium High Low Medium High

Low 6.14 6.29 8.68 6.00 7.25 8.53
Medium 8.59 8.83 12.21 8.07 9.32 10.60
High 12.64 13.12 14.64 11.32 12.57 13.85

*On the average, estimates of overall intensity given by the subjects
were 70% as large as the sum of the estimates for taste and smell. ton
the average, estimates of the overall intensity predicted by the model
were 68% as large as the sum of the estimates for taste and smell.

CONCLUSIONS

Considering the differences in the timing of the deliv
ery of the olfactory and gustatory components, and the
differences created by presenting the olfactory stimulus
to the external nares or the mouth, the results obtained
with the open-eup delivery system (Experiment 1) and the
Two-Module Delivery System (Experiment 2) are
remarkably similar. That is, as the results of Experiment 1
demonstrate, when the scaling techniques of Enos and
Hornung (1985) are used with the odorant placed in the
mouth (open-eup delivery system), the overall intensity
of a flavor stimulus is less than the sum of the intensities
of taste and smell. This was also observed in Experi
ment 2, when the odorant was placed in front of the ex
ternal nares (Two-Module Delivery System). Thus, the
method of stimulus delivery does not seem to be respon
sible for the differences beteween the observations ofEnos
and Hornung (1985) and the data from studies that sug
gest that the intensity of flavor is equal to the sum of the
intensities of taste and smell (Murphy & Cain, 1980; Mur
phy et al., 1977).

One of the important findings of the present study is
that the kinds ofjudgments (overall intensity or modality
specific) can significantly affect the perception of inten
sity (Table 2). It is interesting to note that there is a reduc
tion in the perceived overall intensity, compared with per
ceived intensity of taste alone, when only water vapor is
in the nose. Likewise, there is a reduction in the perceived
overall intensity, compared to perceived intensity of smell
alone, when water is present in the mouth. These reduc
tions occur even though there is no apparent opportunity
for cross-modal suppression, masking, or interference.
These observations support the involvement of a more
central (cognitive) mechanism.

In the studies of Murphy and Cain (1980) and Murphy
et al. (1977), complete additivity was obtained when es
timates of the overall intensity of the odorant/tastant mix
tures were compared with the sum of the estimates of the
overall intensity of the odorant and the overall intensity
of the tastant. A similar analysis of the data in the present
study gives an equivalent answer. That is, when the sums
of the estimates of the overall intensity of the smell (Ta
ble 2) and the overall intensity of the taste (Table 3) are
compared with the estimates of overall intensity of the
mixtures (Table 6), the additivity is 97%.

Thus, the differences between the studies that show
complete additivity and those that report a suppression
seem not to be due to the delivery system. Rather, these

Sucrose Concentrations

Water Low Medium High

0.61 1.26 1.81 1.61
4.54 6.71 5.60 7.44
7.01 7.32 9.52 9.25

10.16 11.69 11.79 13.10

Water
Low
Medium
High

Ethyl Butyrate
Concentrations

the values given to the taste of distilled water when the
vapor of ethyl butyrate was in the nose (Table 4) were
added to the values given to the smell of ethyl butyrate
(Table 2) when calculating k•. That is, k; = overall in
tensity/(smell + referred taste with water in the mouth).
Using these numbers, estimates of overall intensity were
54% as large, on the average, as estimates of smell and
referred taste (i.e., k, = 0.54).

Intensity estimates of the smell of distilled water did
not differ significantly whether it was paired with the taste
of sucrose or the taste of distilled water (Table 5).
Although sucrose apparently does not produce the sensa
tion of a smell, estimates of the intensity of the smell of
ethyl butyrate were higher (31%) when it was paired with
the taste of the 10% or 20% sucrose solution than when
it was paired with the taste of distilled water [F(3,33) =
5.05, p < .01].

Because the referred smell from sucrose in the mouth
did not significantly affect the smell of distilled water,
k, = (overall intensity with water vapor in the nose)/(taste
of sucrose). That is, it seems reasonable to assume that
the smell of water approximates the zero-smell condition.
On the average, estimates of overall intensity were 83 %
as large as the estimates of taste (i.e., k, = 0.83).
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differences seem to bedue to the way in which the inten
sities of the odorants and tastants were determined. That
is, if subjects are asked to rate the overall intensity of a
smell or taste, they will, on the average, give a rating
lower than they would give to the intensity of the taste
or smell itself. The explanation for this phenomenon is
not yet known. Certainly it is difficult to imagine that this
is a peripheral phenomenon. Thus, parsimony suggests
that the explanation involves a more central (cognitive)
mechanism.

However, the present paper goes beyond this discus
sion to propose a mathematical model to describe the rela
tionship between smell, taste, and overall intensity. The
model, with its constants, has implications beyond a
description of the additivity itself. The determination of
the values of the constants might shed some light on the
relationship between retronasal and nasal olfaction, and
perhaps might even suggest a mechanism of the process
of referred taste. It might be of further value in suggest
ing which compounds are likely to demonstrate referred
taste.

For the model described above, the summationsof smell
and taste, each reduced by a constant factor (k, and k..
respectively), predicted accurately the estimates of over
all intensity. Ideally, the values for the constant factors
should be determined experimentally from the ratio of the
estimates of overall intensity to the estimates of intensity
of smell or taste when stimulation by the other modality
is equal to zero. The present results indicate, however,
that while the subjects were sniffing ethyl butyrate, the
taste was not equal to zero. Thus, this referred taste ef
fect had to be included in the calculation of k•.

The fact that the model is so accurate at predicting es
timates of overall intensity with the inclusion of the esti
mates of referred taste within the k term for smell sug
gests one of two possibilities. First, perhaps the referred
taste intensity ratings are so small as to not significantly
influence the scaling of overall intensity. Second, perhaps
the slope of the psychophysical function for the intensity
of referred taste is close (or equal) to the slope of the psy
chophysical function for the intensity of the smell of ethyl
butyrate. Since the data in Table 4 suggest that the first
explanation is not the case, the second seems to be the
most reasonable. Thus, the k, term is apparently an aver
age of the effects on overall intensity of the smell and
referred taste of ethyl butyrate.

It should prove interesting to compare the slopes of re
fered taste or retronasal smell to taste and smell psy
chophysical functionsderived when the tastant and odorant
are at low concentrations. If the slopes of the smell and
referred taste curves were not approximately equal, the
model would always predict intensity ratings which at
some concentrations were higher than those observed and
at other concentrations were lower than those observed.
If referred taste could be shown to represent a psy
chophysical function similar to that seen with smell, then
perhaps referred taste could be considered to be a central
(cognitive) confusion. However, the answer to this and

other questions relating to referred taste and retronasal
smell remain to be answered.

When k, and k, are not equal, the values for the percent
suppression across all stimulus pairs should not be ex
actly equal. The left panel of Table 7 contains the actual
mean values for all stimulus pairs for the magnitude esti
mate for overall intensity divided by the sum of the esti
mates of smell and taste (for the remainder of this paper
this expression will be termed "the amount of reduc
tion"). As expected, the data show that when the taste
is low and the smell is high (top right point in this panel),
the amount of reduction reflects mostly the influence of
k, (.54). However, when taste is high and smell is low
(lower left point), the amount of reduction reflects more
the influence of k, (.84). Note also that the values along
the diagonal representing low/low to high/high smell/taste
combinations are intermediate to the values of k, and k.,
reflecting approximately equal contributions of smell and
taste to overall intensity (and the amount of reduction is
an approximate average of k, and k.).

The right panel of Table 7 containsthe amount of reduc
tion predicted by the model. Note that besides predicting
the average across all concentrations, the model is able
to also predict the high, low, and intermediate points in
the matrix. This seems to give further support to the
predictive value of the model.

Obviously, the model does not predict exactly the
amount of reduction seen at all points. To some extent
this deviation represents the variability of the technique
of absolute magnitude estimation. However, on the basis
of a point-by-point analysis, it would seem that the cur
rent estimate for k, is perhaps a bit low. (Note that the
model predicts a somewhat lower amount of reduction
when taste is high.) This is not surprising, inasmuch as
the calculated k, showed a considerable amount of vari
ability across all concentrations (Table 3). Perhaps if the
sample size were increased, the variability around k,
would be reduced and so an even better estimate for this
value could be obtained. It seems reasonable to suggest
that in this case the value of k, might be somewhat higher
than the value reported here.

In one sense, the discussion of the intensity of flavor,
with its two definitions of olfaction, mirrors what Rozin
(1982), in discussing the quality of flavor, described as

Table 7
Magnitude Estimates of Taste and Smell Divided by Overall

Intensity for all Combinations of the Smell of
Ethyl Butyrate and. the Taste of Sucrose

Smell Concentrations

Taste Actual* Predictedt
Concentrations Low Medium High Low Medium High

Low .68 .55 .63 .66 .64 .62
Medium .74 .64 .75 .71 .67 .66
High .81 .74 .74 .73 .71 .69

*On the average, estimates of overall intensity given by the subjects
were 70%as large as the sum of the estimatesfor taste and smell. ton
the average, estimates of the overall intensity predicted by the model
were 68% as large as the sum of the estimates for taste and smell.
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the duality of the olfactory sense. However, when con
sidering the overall intensity of the stimulus, we suggest
that the duality of the olfactory sense reflects the manner
in which olfaction is tested, rather than different func
tions of the olfactory system.

Certainly one lesson from the study of flavor is that the
design of the experiment can itself influence the results
and thus influence the conclusions about the functioning
of a sensory system. Therefore we propose the above
model in the hope that it will be a small addition to the
discussion of how taste and smell affect the flavor of a
chemosensory-stimulating compound.
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