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The Weber fraction for the sweetness of sucrose was determined at six concentrations. The
results provided good support for Weber's law except for deviation near threshold, a finding
consistent with previous work. Consequently, the JND scale approximated to Fechner's law.
The psychophysical function for sucrose sweetness was also obtained by category rating, with
precautions taken to preclude methodological bias. This function was likewise found to con
form to Fechner's law, suggesting a JND-scale/category-scale convergence. This convergence
was further supported by experiments with the taste stimuli citric acid (acid/sour), sodium
chloride (salty), and caffeine (bitter), which showed that the indirectly derived JND scale pro
vides the same measure of taste intensity as the scale obtained directly by category rating.

As noted by Birnbaum (1980), perhaps the greatest
puzzle in psychophysics has been the failure of dif
ferent operations to provide a single scale of sensa
tion. In fact, it has commonly been claimed that
there are three different types of sensory scale
discriminabi/ity (JND), category (partition), and
magnitude (ratio) (e.g., see Laming, 1973, p. 38;
Stevens, 1961, 1975, p. 228; Stevens & Stone, 1959).

Recently, however, it has been suggested that
two of these scale types may, in fact, provide the
same scale of sensation (McBride, 1983, Note 1).
When the Weber fraction values for loudness de
termined by Jesteadt, Wier, and Green (1977) are
cumulated in the Fechnerian tradition (Luce &
Edwards, 1958), the resulting JND scale is very sim
ilar to the "pure" category scales of loudness re
ported by Eisler (1962) and Stevens (1975, Figure 50).
This JND scale is also in close agreement with loud
ness scales derived by bisection (Carterette &
Anderson, 1979), equisection (the lambda scale,
Garner, 1954), and nonmetric methods (Parker &
Schneider, 1974). The aim of this paper is to ex
plore the relationship between JND and category
scales in the taste modality.

Despite its long history in psychophysics, the JND
(or DL) scale has been used only sporadically. This
is especially true of the taste modality for which,
as noted by Meiselman (1972), there has been vir
tually no indirect scaling. The results of early work
on differential sensitivity are incomplete and often
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contradictory (e.g., see Bujas, 1937). The first sys
tematic study appears to be that of Schutz and
Pilgrim (1957a), who determined Weber fraction
values for the taste stimuli sucrose (sweet), citric
acid (sour/acid), sodium chloride (salty), and caf
feine (bitter) over a range of concentrations. Over
all, Schutz and Pilgrim found reasonable support
for Weber's law, which suggests that, if these Weber
functions were cumulated, the resulting JND scales
would approximate to Fechner's log law.

But Torgerson (1958, p. 151) stresses that if the
JND scale is to have scientific credibility, then the
Weber function from which it is derived must be
robust and not affected by the experimental method
used to obtain it. In other words, Weber functions
that have been obtained by different methods should
be determined to within a linear transformation.
Schutz and Pilgrim (1957a) used the method of single
stimuli (Pfaffmann, 1935) in their investigation.
The first experiment in the present study redeter
mined the Weber function for sucrose by the method
of constant stimuli, generally held to be the most
sensitive of the classical psychophysical methods
(Guilford, 1954, p. 118), and compared it with the
function reported by Schutz and Pilgrim.

Some previous work (Schutz & Pilgrim, 1957b;
Vaisey Genser & Moskowitz, 1977, p. 35) suggests that,
like the JND scale, the category scale of sucrose
sweetness also approximates to Fechner's law. How
ever, category scaling is prone to methodological
bias-range effects, frequency effects, sequential
effects (Parducci, 1974; Poulton, 1979). Perhaps
the most frequently cited drawback of category
scaling in psychophysics is its susceptibility to stim
ulus spacing bias; that is, the shape of the psycho-
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physical function obtained by' category rating is
dependent on the spacing of the stimulus intensities
(Stevens & Galanter, 1957).

Nevertheless, Pollack (1965) and Stevens (1975,
p. 141) have described an iterative procedure for
eliminating the bias due to arbitrary stimulus spac
ing, a procedure investigated theoretically else
where (Anderson, 1975). Essentially, this procedure
consists of first presenting subjects with an arbitrar
ily spaced set of stimuli. The psychophysical scale
obtained from this initial presentation then deter
mines the stimulus spacing for the next iteration,
and so on, until the scales dictated by consecutive
iterations converge; that is, the scale last obtained
suggests the same spacing as that used to obtain it.
Such a scale is then said to be in pure, or unbiased,
form.

In addition to the JND determination, the first
experiment in the present study involved deriving
the psychophysical function for sucrose sweetness
by category rating. Both geometric and arithmetic
stimulus spacing were used, and the iterative tech
nique was applied where necessary.

With regard to range bias (or centering bias),
Poulton (1977, 1979) showed that, for a sensory
scale to be free from such influence, the overall
mean response score should correspond to the mid
point of the rating scale. This requirement was also
checked in the present experiment.

EXPERIMENT 1

Method

Determination of the Sucrose Weber Function
SUbjects. The 20 subjects (age range 25-58 years) were all

employees of the CSIRO Food Research Laboratory and par
ticipated voluntarily. Prior to the experiment, most were familiar
with the sensory evaluation of food, but few were experienced
in psychophysical tasks. Overall, there were approximately equal
numbers of responses from men and women.

Stimuli. Stimuli consisted of reagent-grade sucrose in dis
tilled water. There were six concentration levels (standards)
.025, .050, .100, .200, .300, and .500 M. These levels approx
imately match those of Schutz and Pilgrim (1957a). There were
six arithmetically spaced comparison stimuli at each level. At
the lowest level (.025 M), the comparison stimuli were .50, .70,
.90, 1.10, 1.30, and 1.50 times the standard; for the upper five
levels, preliminary testing suggested greater sensitivity, and the
comparison stimuli were therefore .70, .82, .94, 1.06, 1.18, and
1.30 times the standard. Stimulus temperature was approximately
20°C, and volume was 30 ml.

Procedure. The procedure employed was a forced-choice vari
ant of the method of constant stimuli in which the standard
is not disclosed (cf. Harrison & Harrison, 1951). The design
was similar to that of Lundgren, Pangborn, Barylko-Pikielna,
and Daget (1976), but fewer stimuli were presented at each test
ing session to minimize disruption to subjects' work routine.

There were 60 experimental sessions, 10 sessions per concen
tration level; 2 sessions were run per day. Only one concentra
tion level was assessed per day; the order of assessment of levels
across days was random. At each session, the subjects were pre
sented with three coded pairs of solutions, each pair consistiag
of the standard and a comparison stimulus. Order of tasting

both between and within pairs was randomized. The subjects
were instructed to taste and expectorate the solutions within
a pair (the "sip and spit" technique), and to identify the sweeter
solution. Thorough rinsing with distilled water was mandatory
between pairs. The 20 sets of three pairs (one set per subject)
presented at each session comprised all possible combinations
of the six comparison stimuli taken three at a time. The 60 re
sponses from each session thus provided an overall total of 3,600
responses, 100 responses for each of the 36 standard-comparison
pairs.

Data treatment. The percentage of "sweeter" responses was
calculated for each of the six comparison stimuli at each con
centration level. These data were then analyzed in two different
ways. In the first, and more traditional, analysis, the percentages
were converted to normal deviates and fitted against log sucrose
concentration (the phi-log-gamma hypothesis, Rubin, 1976;
Thurstone, 1928) by the least squares procedure (Guilford, 1954,
p. 125). In the second analysis, arc sine transforms of the per
centages (sin" V p/loo, where p is the percentage) were fitted
against sucrose concentration by the method of least squares.
To facilitate comparison with the Schutz and Pilgrim (1957a)
study, the JND was computed in traditional fashion in each
case, by halving the difference between the concentrations cor
responding to the 7511Jo and 2511Jo points on the ordinate. As
a variance-stabilizing measure (Box, Hunter, & Hunter, 1978,
p. 132), the arc sine transform allows estimation of the stan
dard errors of the JNDs, and hence the error of the cumulated
JND scale. The approximate standard errors were calculated
from the formula for the variance of a function (Kendall &
Stuart, 1977, p. 246).

Category Sealing
Subjects. Twenty-four subjects were used-the 20 from the

JND determination and four others drawn from the same pool.
Stimuli. Stimuli were reagent-grade sucrose in distilled water.

In Part I, the concentrations were .0625, .1250, .2500, and
.5000 M (four stimuli, geometric/log spacing); in Part 2, .0625,
.0947, .1436, .2177, .3299, and .5000 M (six stimuli, log spacing);
and in Part 3, .0625, .2083, .3542, and .5000 M (four stimuli,
arithmetic spacing). In each case, the stimulus temperature and
volume were the same as in the JND determination.

Response scale. The scale comprised 13 categories with five
equidistant verbal descriptors: "Extremely sweet" (13), "Very
sweet" (10), "Moderately sweet" (7), "Slightly sweet" (4), and
"No sweetness at all" (1). As such, it was in accord with Anderson's
(1974) suggestion that between 10 and 20 categories is desirable,
and also with Bendig and Hughes (1953), who found that verbal
anchors increase the amount of information transmitted by a
scale. However, stimulus end anchors were not presented, nor
were the categories numbered on the subjects' response sheet.

Procedure. Parts 1 and 2 each consisted of two replicate ses
sions, the replicate sessions within each part being held on con
secutive days. Stimuli were presented simultaneously, and sub
jects were required to taste and expectorate each in the order
specified and to rate each sweetness on the 13-point scale. Rinsing
with distilled water was mandatory between stimuli. All 24 pos
sible permutations of presentation order were used in Part I,
while in Part 2, order was randomized.

In Part 3, the procedure was identical, except that arithmetic
stimulus spacing was used at the first session. The sweetness
scale from the initial session suggested revised concentrations
for the second session on, the following day, and so on, until
the sweetness scales converged at the fourth session (pollack,
1965, provides details of the methodology).

Results

The Sucrose Weber Function
Figure 1 shows the JND estimates obtained by

the arc ~ine transform method plotted against su-
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Fechnerian tradition. As expected from Figure 1,
there is good support for Fechner's law except for
the deviation near threshold (taken here as .015 M;
cr. Amerine, Pangborn, & Roessler, 1965, pp. 88,
97; Pfaffman, 1959). The envelope (dotted lines)
surrounding the JND scale represents approximately
± 2 SE. The standard error at anyone point on the
JND scale was taken as the square root of the sum
of the squared standard errors of the JNDs cumu
lated up to this point (Kendall & Stuart, p. 246).
Here the standard errors lie horizontally on the JND
scale; by fiat, there can be no error in the vertical
dimension.
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JNDScale
Figure 2 illustrates the JND scale that results when

the Weber function of Figure 1 is cumulated in the

Figure 1. The size of the JND vs. sucrose concentration in
molar (M) units. The line of best fit was drawn by eye. Data
from the present study (circles, ± 2 SE; error bars for the two
lowest concentrations are within the data points) and those of
Schutz and Pilgrim (l9S7b) (squares) are in close agreement.
Except for the low concentrations near threshold, there is good
approximation to Weber's law.
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Category Scale
For each replicate in Parts 1 and 2 separately,

and for data from the final session in Part 3, cate
gory ratings were fitted against log sucrose concen
tration by linear regression. There was no significant
difference between the estimates of slope [F(4,566)
= 1.20], indicating good scale reliability.

To facilitate the JND-scale/category-scale com
parison, the category ratings from Parts 1 and 2,
and from the final session of Part 3, were then
fitted against log sucrose concentration by a single
linear regression. Next, the category scale was posi
tioned on the right-hand ordinate of Figure 2 so
that this regression line would coincide with the JND
scale (legitimate, since the category scale is an in
terval scale). The mean category ratings (±2 SE)
from Parts 1, 2, and 3 are given in Figure 2.

The data in Figure 2 support a JND-scale/category
scale convergence. Most of the mean category ratings

Figure 2. The JND scale (left-hand ordinate) and the category
scale (right-hand ordinate) for the sweetness of sucrose over
the concentration rauge .0625-.5000 M. The meau ratings (±2
SE) from Parts 1 (triaugles), 2 (circles), and 3 (squares) conform
to the JND scale, suggesting a JND-scale/category-scale con
vergence (dotted line represeuts approximately ± 2 SE for the
JNDscale).
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crose concentration (circles ± 2 SE). Converting
the data to normal deviates and fitting against log
concentration, as in the first analysis described,
gave an almost identical result. For all but the highest
concentration (.5000 M), for which the estimate
was discrepant by 4070, the JND values coincided
with the circles in Figure 1.

The values of Schutz and Pilgrim (1957a) are
shown by the squares in Figure 1. Clearly, Torgerson's
linear transformation criterion is satisfied: Despite
the many differences between the present study and
that of Schutz and Pilgrim (e.g., in psychophysical
method, stimulus volume, state of adaptation),
correspondence between the two sets of data is suf
ficiently close to permit representation by a common
curve (drawn by eye).

Apart from deviation at low concentration, it is
apparent from Figure 1 that the size of the JND
is directly proportional to sucrose concentration,
as dictated by Weber's law. Weber's law may break
down again at very high concentration, as it does
for sodium chloride (Holway & Hurvich, 1937;
Schutz & Pilgrim, 1957a), but this cannot be ascer
tained using a discrimination paradigm. The viscosity
of sucrose solutions increases markedly above
.5000 M: The confounding of viscosity and sweet
ness would leave the investigator uncertain as to
which cue serves in the discrimination (cf. MacLeod,
1952).
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actually lie within the error envelope of the JND
scale, conforming to Fechner's law. Moreover, the
mean category ratings in each part of this experi
ment are approximately equidistant on the ordinate,
as required of a pure category scale. The mean re
sponses to the final iteration of Part 3 confirm that
obtaining the pure category scale straight off, using
geometric stimulus spacing (Parts I and 2), was not
coincidence. Even when arithmetic stimulus spacing
is used initially, the iterative procedure dictates geo
metric spacing for a pure scale.

A check on the 14 mean category ratings in Parts 1-3
showed no evidence of range bias. The overall mean
rating of 6.96 corresponds closely to 7, the scale
midpoint. This result is somewhat fortuitous, since
the sucrose concentrations used in the category rating
experiments were chosen to match those in the JND
determinations, and not specifically selected to be
exempt from range bias.

EXPERIMENT 2

Experiment 2 investigates the JND-scale/category
scale relationship with another three stimuli-citric
acid (acid/sour), sodium chloride (salty), and caf
feine (bitter). However, in view of the close corre
spondence between previous and present data es
tablished in Experiment I, Weber functions for these
three stimuli were not determined experimentally
but were taken from Schutz and Pilgrim (l957a).

Method

Category Scaling
Subjects. A panel of 24 subjects was used. Composition of

the panel remained constant during testing of a single taste qual
ity, but altered slightly between qualities.

Stimuli. Four concentrations of a reagent-grade chemical
in distilled water were used for each taste. For citric acid, the
concentrations were .0010, .0030, .0090, and .0270 M; for sodium
chloride, .0513, .0923, .1641, and .2906 M; and for caffeine,
.0031, .0066, .0144, and .0309 M. Logarithmic spacing was
used in all cases, and the concentration ranges are commen
surate with those used by Schutz and Pilgrim (1957a) in their
Weber function determinations.

Respoose scale. Except for the appropriate changes in descrip
tors (e.g., "Extremely salty," "Extremely bitter"), the response
scale was as used in Experiment 1.

Procedure. The procedure was as for Parts 1 and 2 in Ex
periment 1: There were two replicate sessions for each of the
three taste stimuli.

Figure 3. The JND scale (left-hand ordinate) and altegory
scale (right-hand ordinate) for the perceived acidity of citric
acid. Mean altegory ratings (±2 SE) conform to the JND' scale.
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Figure 4. The JND scale (left-hand ordinate) and altegory
scale (right-hand ordinate) for the perceived saltiness of sodium
chloride. Mean altegory ratings (±2 SE) conform to the JND
scale.

Results

JNDScales
The JND scales for citric acid, sodium chloride,

and caffeine, generated by cumulating the Weber
functions of Schutz and Pilgrim (1957a, Tables I
and 2), are given in Figures 3, 4, and 5, respectively.
Except for the deviation near threshold, there is

once again support for Fechner's law, at least over
the stimulus ranges shown.

The threshold value for citric acid was taken as
.00014 M (Berg, Filipello, Hinreiner, & Webb, 1955;
Stahl, 1973); for sodium chloride, .0137 M (pfaffmann,
1959; Stahl, 1973); and for caffeine, .0002 M (Amerine
et al., p. 106). There is greater variability in reported
caffeine thresholds, possibly due to the greater dif-
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subjectively equal (Torgerson, 1958, p. 150). Stevens
(1957) rejected Fechner's assumption on the basis
of failure of Fechner's law to account for loudness
data. It has been shown, however, that failure of
Fechner's law in loudness may be explained in terms
of failure of Weber's law, and that Fechner's as
sumption is not necessarily invalid (McBride, 1983).
Parker and Schneider (1980) reached the same con
clusion in their analysis of loudness data.

With regard to category scaling, the function for
sucrose obtained in the present study with a 13-point
response scale is very similar to that obtained by
Schutz and Pilgrim (1957b) with a 9-point scale:
Both functions approximate well to Fechner's law.
Also, the response variability of the category ratings
in Figures 2-5 is approximately constant irrespective
of subjective magnitude, consistent with Fechner's
assumption. On the validity question, it should be
mentioned that there is now substantial support for
category rating as a linear response measure from
studies in functional measurement analysis (Anderson,
1970, 1972, 1974, 1981, pp. 9, 348). This provides
further support, albeit indirect, for the equal-interval
properties of the JND scale. If JNDs are subjectively
equal, then the JND scales in Figures 2-5 are ratio
scales; that is, they each have equal-interval prop
erties and a meaningful zero.

Figures 2-4 also provide some evidence for the
subjective equality of JNDs between taste continua.
For sucrose, citric acid, and sodium chloride, there
are approximately 22 JNDs between threshold and
a subjective intensity level corresponding to a mean
rating of lIon the category scale. The corresponding
number of JNDs for caffeine is lower, at 15. Bujas
(1937), using a sucrose/sodium-chloride matching
paradigm, also found support for an intercontinuum
equivalence in the subjective size of the JND. These
findings contrast with recent work on intensity reso
lution in loudness, which suggests that subjects
match stimuli on the basis of their relative positions
in the dynamic range, and not on the basis of ab
solute number of JNDs above threshold (the "pro
portional JND" explanation; Houtsma, Durlach,
& Braida, 1980).

An interesting aspect of the present data was the
absence of stimulus spacing bias. In Part 3 of Ex
periment I, in which arithmetic spacing was used
initially, the mean responses to the four stimuli at
the first session were, in ascending order, 3.3, 7.9,
11.1, and 11.4. These responses lie very close to the
final iterated form of the scale shown in Figure 2.
In other words, while the iterative procedure was
effective in producing mean responses that are equi
distant on the ordinate, the shape of the psycho
physical function did not change over the course
of the four sessions. It appears, therefore, that,
in this instance, subjects were not influenced by
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Figure S. The JND scale Oeft-hand ordinate) and category
scale (right-hand ordinate) for the perceived bitterness of caf
feine. Mean category ratings (±2 SE) conform to the JND scale.

ficulty in identifying dilute bitter solutions (Amerine
et al., p. 107).

Category Scales
For each of the three taste qualities, category

ratings were fitted against log stimulus concentration
by linear regression, then the category scales were
positioned on the right-hand ordinate, as described
in Experiment 1. Figures 3-5 contain the mean cate
gory ratings, ± 2 SE; the error bars are approx
imately the same length regardless of taste intensity.
Clearly, there is further evidence of a JND-scale/
category-scale convergence. Moreover, in all three
cases, the mean category ratings are equidistant
on the ordinate (pure category scale), and in each
case the overall mean rating corresponds approx
imately to the midpoint of the rating scale (absence
of centering bias).

Evidence of a JND-scale/category-scale conver
gence has fundamental significance for psycho
physics, for it indicates that scales derived indirectly
in the classical Fechnerian tradition may be no dif
ferent from scales obtained by direct judgment.

Still, the question of scale validity is pertinent
here. With support for the reproducibility of the
Weber function from Experiment I, a discussion
of JND-scale validity reduces to a discussion of the
validity of Fechner's assumption that all JNDs are
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immediate context and made 'their judgments of
sweetness in an absolute, rather than relative, man
ner.

Two explanations are possible. First, in the pres
ent study there actually was less "context" than in
many other psychophysical investigations (e.g. ,
Parducci, 1974); with only four stimuli presented
at each session, there is little chance of the stimulus
distribution influencing judgment. Second, stimulus
end anchors were not used in the present study; the
only reference points available to subjects were the
verbal descriptors attached to the response scale.
Presence of these descriptors may have facilitated
the evaluation of each stimulus in terms of absolute
sweetness.

Finally, the present findings raise the question
of why it is that JND scales and category scales
have traditionally been regarded as disparate. Stevens
(1961) claimed that, on all prothetic continua, the
JND scale approximates a logarithmic function and
the category scale assumes a form somewhat less
than logarithmic.

First, the assertion that the JND scale is approx
imately logarithmic is true only to the extent that
the empirical Weber function approximates to
Weber's law. The deviation from Weber's law at
low stimulus intensity occurs on most continua
(Holway & Pratt, 1936). Therefore, if the JND scale
is generated from an empirical Weber function and
not, as has often been the case, from Weber's law
or its linear generalization (e.g., Stevens, 1959,
1961), it will be found to be less than logarithmic.
This is particularly true of auditory stimuli (Houtsma
et al., 1980).

Second, methodological bias in category rating
has not always been given due attention. Although
stimulus spacing bias was found not to operate in
the present study, it cannot be dismissed. Range
effects must also be considered. In the scaling of
finger span (Stevens & Stone, 1959), for example,
the category scale used in the JND-scale/category
scale comparison is not a pure scale: Arithmetic
stimulus spacing was used, and the mean responses
are not equispaced on the ordinate. This spacing
may have flattened the response curve in the manner
described by Stevens and Galanter (1957), causing
a divergence from the JND scale.
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