Intensity scales for pure tastes
and for taste mixtures
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In four series of studies, taste intensities of sour, bitter, sweet, and salt were measured
by number matching (magnitude estimation), and by noise matching. The two procedures
agreed in their estimates of the power-function exponent for each taste. Representative
exponents obtained from the studies are 1.0 to 1.1 for sour and bitter and 1.3 to 1.5 for
sweet and salt. In a second set of studies each taste was judged against three or more
background levels of a second taste. The results suggest that the power-function exponent
is unaffected when a second taste is present in the solution. Whether the intercept
changes in taste mixtures was not determined in these experiments.

During the past 17 years numerous
studies have repeatedly shown that the
apparent perceptual intensity of stimuli S
grows as a power function of the physical
intensity I (Stevens, 1960, 1966a). This
result ties together different sensory
systems and is expressed by the simple
psychophysical equation S = kI", orlog S =
n log I + log k. The exponent n governs the
rate at which sensory intensity grows with
physical intensity, and it has the property
of being independent of both the position
of the stimuli on the physical scale and of
the O's choice of modulus (scaie unit).
Brightness and loudness were the two
modalities of the initial inquiry into the
dynamics of sensory intensity (Stevens,
1953). In each, the simple power relation
fits the growth function remarkably well
across practically the entire sensory range.
The exponent for each is below 1.0. about
0.33 for brightness (against luminous
energy; Stevens & Stevens, 1960}, and
about 0.64 to 0.67 for loudness (against
sound pressure; Stevens, 1966a, 1969a).
Because each exponent is below 1.0,
brightness and loudness grow as
decelerating functions of physical
intensity.

A similar analysis may be made for the
sensory dynamics of taste intensity. The
published results of such investigations do
not converge on a single estimate for the
exponent of taste, but rather each taste
modality (salt, sour, sweet, and bilter)
appears to be governed by a different
exponent (Ekman & Akesson. 1964,
Meiselman, 1968; Stevens, 1969b). Within
a single modality different substances such
as sucrose, cyclamate, and saccharin, which
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all taste sweet, are governed by different
sweelness exponents (Moskowitz,
1970a, b). Various procedures of
administering the stimulus, such as letting
it flow over the tongue or sipping it from
cups, also give different estimates of the
exponent. The sipping procedure typically
gives the higher estimate, often two to
three times higher than the fowing
procedure  (McBurney, 1965; Stevens,
1969b; Meisciman'). Finally, even with a
single procedure, sipping, different ks have
obtained very different estimates of the
exponent for sucrose sweetness, ranging
from a low around 0.5 (Kocher & Fisher,
1969) to a high around 1.5 to 1.6 (Ekman
& Akesson, 1964; Moskowitz, 19704, b).

Mixtures of different tastes have also
been explored. Several Es report that tastes
usually suppress each other (Pangborn,
1960, 1961, 1962; Kamen etal, 1962;
Pfaffmann etal, in press). although
enhancement of sweetness has sometimes
been reported when slight amounts of

sodium chloride are added to sucrose
solutions (Beebe-Center etal, 1959;
Pangborn, 1962). On the other hand, few
studies have appeared that systematically
explore the growth function for a single
taste against one or another background
provided by a second taste. Beebe-Center
etal (1959) reported that in general the
presence of sodium chloride reduced the
sweetnesses of several concentrations of
sugar, each changed in the same
proportion. This equal suppression suggests
that the growth rate of sucrose sweetness
against salt backgrounds is probably
unaffected, so that the primary effect of
introducing sodium chloride is the
reduction of sweetness by a constant
percentage across the entire scale.

The present series of studies concern the
sensory functions for sour, bitter, sweet,
and salt when these tastes are judged in
pure solutions and in solutions in which a
second taste is present as a background.

PROCEDURE

Stimulus solutions were prepared on a
percent-by-weight basis (grams
solute/grams solution) from reagent grade
chemicals (Merck), except sucrose
(Domino brand cane sugar). The diluent
was Cambridge tap water. Stimulus
solutions were chosen at concentrations
sutficiently above threshold so that the
impurities in the tap water would have
negligible effects upon the stimuli. Table 1
gives the concentrations.

Sensory intensity was measured by two
matching procedures: number matching
(magnitude estimation) and noise
matching. For the noise matches the Os
were given control of a sone potentiometer
(Poulton & Stevens, 1955), and they

Table 1
Stimulus Concentrations*
Experiment I 2 3 4 5 6 7 8

Sour
Lxperiment | 0.02 0.04 0.08 0.15 0.30 0.60 1.20 2.40
Lxperiments 2 and 3 0.04 0.08 0.15 0.30 0.60 1.20
Interactions 0.04 0.08 0.1§ 0.30 0.60 1.20

Bitter
Experiment 1 0.001 0.002 0.004 0.008 0.015 0.030 0.060 0.120
Experiment 2 0.004 0.008 0.015 0.030 0.060 0.120
Interactions 0.004 0.008 0.015 0.030 0.060 0.120

Swect
I \periment | 1.90 310 5.20 8.70 14.50 24.00 40.00 64.00
Lxperiment 2 1.63 2.72 4.40 7.06 1119 17.29
Lperiment 3 19.35 26.47 35.06 45.20 55.55 65.75
Tnteractions 2.00 4.00 8.00 15.00 30.00 60.00

Salt
Ixperiments Tand 2 0.70 1.10 1.90 3.10 5.20 8.60 14.40 24.00
Lxperiment 3 1.00 1.75 3.00 5.50 9.50 16.00
Experiments 4 and 5 0.99 1.96 3.85 7.40 13.80 24.24
Lixperiment 6 0.99 1.96 3.85 7.00 13.04 23.10
Interaction 1 1.00 1.75 3.00 5.50 9.50 16.00
Interaction 2 0.99 1.96 3.85 7.00 13.04 23.10

* Al concentrations are percent by weight (g solute/ 100 g solution)
Sour-tartaric acid. Bitter--quinine sulfate, Sweet—sucrose, Salt--sodium chloride
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Tablc
o Parameters of the Power Lav/ for Sour: § = k(C?
Exponents
Magnitude Noise 0.64 X

Lxperiment Estimate Match Noise Match Mean

Pure Sour

Experiment 1 1.18 1.54 0.99 1.08
Experiment 2 0.92 1.37 0.88 0.90
Experiment 3 0.91 1.45 0.93 0.92
Mean* 1.04 1.47 0.95 0.99
With Sucrose

1.0% Sucrose 0.97 1.38 0.88 0.92
2.0% Sucrose 1.00 1.44 0.92 0.96
4.0% Sucrose 1.08 1.64 1.05 1.06
8.0% Sucrose 1.12 1.61 1.03 1.07
Mcan 1.04 1.51 0.96 1.00
With Salt
0.5% NaCl 1.12 1.69 1.08 1.10
1.0% NaCl 1.07 1.55 0.99 1.03
2.0% NaCl 0.96 1.81 1.16 1.05
4.0% NaCl 1.18 1.86 1.19 1.19
Mcan 1.08 1.72 1.10 1.09
With Quinine Sulfate
0.001% QS04 1.19 2.02 1.30 1.24
0.002% QS04 1.76 1.13 1.19
0.004% QS04 2.05 31 1.21
0.008% QS04 1.85 1.20
Mecan 1.91 1.21
* Lxperiment | weighted twice
Table 3
A. Parameters of the Power Law for Bitter: S = kC2
Exponents
Magnitude Noise 0.64 X

Lxperiment Estimate Match Noise Match Mean
Pure Bitter

LExperiment 1 0.98 1.49 0.95 0.97
Lxperiment 2 0.54 0.82 0.52 0.53
Experiment 3 0.62 0.97 0.62 0.62
Mean* 0.75 1.15 0.73 0.74
With Sait

0.5% NaCl 1.03 1.78 .14 1.08
1.0% NaCl 1.12 1.81 1.16 1.14
2.0% NaCl 1.01 1.69 1.08 1.05
4.0% NaCl 1.12 1.62 1.04 1.08
Mcan 1.07 1.72 1.10 1.08
With Acid**

0.02% Acid 0.86 1.86 1.19 1.01
0.04% Acid 1.34 1.87 1.19 1.27
0.08% Acid 1.28 1.96 1.25 1.27
0.15% Acid 0.94 1.57 1.00 0.97
Mecan 1.08 81 1.16 1.12
With Sucrose

1.0¢% Sucrose 01 1.82 1.16 1.08
2.0% Sucrose .16 1.90 1.22 1.19
4.0% Sucrose 1.17 2.17 1.39 1.27
8.0% Sucrose 1.30 2.07 1.32 1.3
Mcan 1.16 1.99 1.27 1.2

B. Paramcters of the Power Law for Bitter: § = k(C + C)?
Experiment 2 Lxperiment 3

Mugnitude Estimation Exponent 0.94 1.05
Predicted Exponent 0.78 1.03
Mcan Lxponent 0.86 1.04
Co- Magnitude Estimate +0.015 +0.014
Co—Noise Match +0.009 +0.013

* Experiment | weighted twice

adjusted the loudness of a band of white
noise (500 to 5,000 Hz) to match taste
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** Tartaric acid

intensity. They were given the following
written instructions: “In front of you is a

series of solutions in paper cups. Your task
is to tell how sweet they seem by assigning
numbers to them. Call the first stimulus
any number that seems to you appropriate.
Then assign successive numbers in such a
way that they reflect your subjective
impression. For example, if a solution
seems 20 times as swee?, assign a number
20 times as large. If it seems one-tenth as
sweet, assign a number one-tenth as large,
and so forth. Use fractions, whole numbers,
or decimals, but make each successive
assignment proportional to the sweetness
as you perceive it. In the second portion of
the experiment you will match noise to
sweetness. If the sweetness seems 20 times
as intense, make the noise 20 times as loud.
If it seems one-tenth as sweef, make the
noise one-tenth as loud, and so forth. Make
each loudness proportional to the
sweetness as you perceive it.” When Os
judged one of the two tastes in the mixed
solutions they were given the following
additional instructions: “The solutions are
made from pairs of chemicals, so you may
perceive two tastes. Ignore the second
taste, and judge only the sweerness as you
perceive it.”" The italicized words were
changed when other tastes were judged.

The geometric means and the standard
deviations of both the number and noise
matches were obtained from the raw data
by a computer program known as
PSYCHOFIT (Panek & Stevens, 1965). The
program provided an estimate of the
exponent n and the intercept k of the
simple power function S=kI". Interest
was focused only on the exponent because
no common stimulus was present in the
various experiments that could be used to
relate their intercepts. The data are plotted
in log-log coordinates, and the highest
concentration of each function has been
arbitrarily assigned a magnitude estimate of
100 or a noise match of 95dB
(re 0.0002 dyne/cm?). This normalization
was done in order to facilitate comparisons
among the various functions.

RESULTS

A total of 137 taste functions were
obtained, 69 from number matching and
68 from noise matching. Virtually all were
approximately straight lines in loglog
coordinates, strongly suggesting that for
this sipping procedure taste intensity
conforms to the general power law
governing the growth of sensory
magnitude. The exponents for both
number and Joudness matches are
presented in Tables 2-5. In addition, the
loudness matches have been used as an
independent estimate of the
number-concentration relation through the
fullowing three equations: (1) number =
pressureV-64 (Stevens, 1966a), (2) pressure
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Table 4
Parameters of the Power Law for Sweet: S = kC?
Exponents
Magnitude Noise 0.64 X

Experiment Estimate Match Noise Match Mean
Pure Sweet
Experiment 1 1.45 2.04 1.31 1.38
Lxperiment 2 1.41 1.74 1.11 1.27
Experiment 3 1.66 2.88 1.84 175
Mean* 1.49 2.13 143
With Salt
0.5% NaCl 1.42 1.92 1.23 1.32
1.0% NaCl 1.21 1.95 1.25 1.23
2.0% NaCl 1.27 1.98 1.27 1.27
4.0% NaCl 1.3¢ 1.82 1.16 1.23
Mean 1.30 1.92 1.23 1.26
With Acid**
0.02% Acid 1.27 1.89 1.21 1.24
0.04% Acid 1.28 1.99 1.27 1.28
0.08% Acid 1.36 1.95 1.25 1.30
0.15% Acid 1.32 2.08 1.33 1.33
Mean 1.31 1.98 1.26 1.29
With Quinine Sulfate
0.001% QS04 1.63 2.13 1.36 1.49
0.002% QS04 1.53 2.21 1.41 1.47
0.004% QS04 1.53 2.24 1.43 1.48
0.008% QS04 1.76 2.24 1.43 1.59
Mean 1.61 2.20 141 1.51

* Experiment 1 weighted twice; ** Tartaric acid;

= concentration® (Tables 2-5), and
(3) number = concentration9.64 x A (Egs.
1 and 2).

Intensity functions for the four primary
tastes appear in Figs. 1-4. Each of the four
tastes was judged in at least three
experiments. Sodium chloride (salt) was
judged in six experiments with number
matches and in five with noise matches.
The functions for Experiment | of each of
the four primary tastes (and Experiment 2
for salt) are based on 30 judgments per
stimulus, three from each of 100s. The
remaining functions represent 20
judgments per stimulus, two from each of
10 Os. The tastes group into two with high
exponents (salt, sweet) and two with low
exponents (sour, bitter). The lowest
concentrations of quinine sulfate (Fig. 2,
Experiments 2 and 3) flatten the bitter
function and reduce its exponent
(Table 3). This may have resulted from a
residual amount of bitter in the mouth that
produced a constant level of background
bitterness. When the function was
corrected by an additive constant
(Table 3B), the exponent for bitter rose to
around 1.0.

Figure S presents a sample of the taste
functions for sour judged against four
levels of quinine sulfate. Across an 8:1
range of background level, the growth of
sensory intensity is virtually unaffected.
The two sets of functions (Figs. 14, Fig. 5)
suggest that Os can perceive and attend to
a given taste in a mixture and that under
the constant background provided by a
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second taste, the dynamics of intensity
growth for a given taste are relatively
unaffected. The average amount of change
of the exponent that occurs in taste
mixtures is given in Table6. The
percentage change in the exponent from
the pure taste to the mixture was always
less than 25%. This accords well with the
variation of the exponent when a single
taste is judged alone in several different
experiments.

Analogues to Glare and Masking

The steepening of the loudness function
under masking and of the brightness
function under glare (Stevens, 1966b) do
not appear to have analogues in the taste
functions. The sipping procedure may not
be sufficiently sensitive to pick out the
changes in exponent that occur under
different background levels. Because a large
range of backgrounds was used (8:1
intensity range), it appears likely that any
steepening in the taste function due to the
background would exhibit at most a minor
effect with this tasting procedure. On the
other hand, the invariance of the taste
exponent under such varied types of
backgrounds appears to be a first order
effect and one that would not have been
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expected if there was an analogy to the
dynamics of loudness and brightness.

Correspondence of Matching Procedures

Because two modalities, number and
loudness, were used as “sensory
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yardsticks,” it is instructive to compare the
taste exponents obtained by cach. The

acid, judged against four background levels of quinine sulfate

simplest comparison is the ratio of th
exponent for number vs concentration t
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Table 5

Parameters of the Power Law for Saltiness: § = kC?
Exponents N
Magnitude Noise 0.64 X

LExperiment Estimate Match _Noise Match Mean
Pure Salt
Experiment 1 1.40 1.91 1.22 1.31
Experiment 2 1.43 1.43
Experiment 3 1.42 2.07 1.32 1.39
Experiment 4 1.09 1.52 0.97 1.03
Experiment § 1.01 1.34 0.86 0.93
Experiment 6 1.10 1.64 1.05 1.07
Mean 1.22 1.70 1.09 1.17
With Quinine Sulfate

Series 1
0.002% QS04 1.55 223 1.43 1.49
0.004% QSOq4 1.62 2.13 1.36 1.48
0.008% QS04 1.65 243 1.56 1.60
Mean 1.60 2.26 1.45 1.52

Series 2

0.004% QS04 1.61 2.12 1.36 1.48
0.008% QS04 1.60 2.32 1.48 1.54
0.015% QS04 1.44 2.02 1.29 1.36
Mean 1.55 2.15 1.38 1.46
Grand Mean-QSO4 1.57 2.20 1.40 1.49
With Sucrose

Series 1
1.0% Sucrose 1.65 2.13 1.50
2.0% Sucrose 1.53 1.98 1.27 1.39
4.0% Sucrose 151 2.25 1.44 147
Mean 1.56 .12 1.36 1.45

Series 2
4.0% Sucrose 1.23 1.78 1.14 1.18
8.0% Sucrose 1.44 1.90 1.22 1.32
15.0% Sucrose 1.55 1.79 1.15 1.33
Mean 1.40 1.82 1.16 1.27
Grand Mcan 1.48 1.98 1.26 1.36
With Acid

Scrics 1
0.02% Acid 1.61 3 1.41 1.5t
0.04% Acid 1.58 2.16 1.38 1.48
0.08% Acid 1.42 2.22 1.42 1.42
Mean 1.53 2.19 1.40 1.46

Series 2
0.08% Acid 1.24 161 1.03 113
0.15% Acid 1.60 2.00 1.28 1.43
0.30% Acid 1.58 1.81 1.16 1.35
Mcan 1.45 1.79 1.15 .30
Grand Mean 1.49 1.98 1.27 1.38

*Tartoric acid

Note—-Experiment 2 on the saltiness of sodion chloride was run ondy as a magnitude estimation

experiment.

the exponent of pressure vs concentration.
Stevens (1969a) has published an
independent analysis of the 68 pairs of
taste exponents and presents a histogram
of their distribution. The geometric mean
of the 68 ratios came to 0.676, which
provides, incidentally, a rather firm
estimate of the exponent relating loudness
to pressure. The standard deviation of the
ratio turned out to be 0.51 decilog, or
about 12.5%. This measure of the scatter
around the mean ratio suggests that to
within an SD of 12.5% the two procedures
concur in their estimates of the exponent
for taste intensity.
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