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Abstract

Direct comparisons of sensory or hedonic perceived intensities across individuals are impossible since we cannot share experi-
ences. However, experiences can be compared indirectly if we can identify a standard assumed to be equal, on average, to groups
compared. Sensory standards (i.e., magnitude matching) have proved very useful. Intensity adjectives/adverbs have also been used
as standards (e.g., This tastes very strong to me; is it very strong to you?). We argue these labels often refer to experiences of dif-
ferent absolute intensity to the groups of interest making the comparisons invalid. An early solution rested on the assumption that
the maximum intensity perceivable was equal for all sensory domains and individuals. Comparisons were then possible because all

judgments could be made on a zero to maximum scale. We present data showing this assumption is not true.
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1. Introduction

Variation in sensory or hedonic experience is rela-
tively easy to measure within individuals. But it is
extremely hard to measure across individuals or groups
because we cannot share one another’s experiences. Two
psychophysical traditions have led to attempts to pro-
vide comparisons of perceived sensory or hedonic
intensities across groups. The older tradition depends
on scales of various types labeled with adjective/adverb
intensity descriptors (e.g., weak, medium, very strong).
The newer tradition derives from the work of S.S. Ste-
vens on direct scaling methods. Both depend on the
same logic. In order to make comparisons across
groups, we must identify some kind of standard that can
be assumed to be, on average, equally intense to each
group. When comparisons are made through intensity
descriptors, the standards are the descriptors them-
selves. Unfortunately, as we will discuss below, these
often fail to reflect equivalent perceived intensities; this
makes these scales invalid for across-group comparisons
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(see also Bartoshuk, 2002). On the other hand, the logic
underlying comparisons using direct scaling methods
has permitted what we believe to be valid across-group
comparisons in some circumstances. Although we know
of no stimulus likely to produce the same perceived
intensity to all individuals, we can identify stimuli likely
to have the same perceived intensity, on average, to
particular groups (we need only assume that the mod-
alities to be investigated and the standard modality are
not related to one another for those groups).

Given the wide reliance on labeled scales, there would
be considerable value in attempting to find ways to alter
these scales to make them produce valid across-group
comparisons. We believe that increasing insight into our
use of intensity descriptors may suggest such ways.
These can then be tested against scaling that uses sen-
sory standards. A combination of these approaches may
provide the most powerful method of all.

2. Adjective/adverb-labeled scales used to compare
perceived intensities across subjects/groups

In everyday language we compare sensations using
intensity adjectives (e.g., This tastes strong to me. Does
it taste strong to you?) along with adverbs to modify the
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adjectives (e.g., This tastes very strong to me. Does it
taste very strong to you?). The validity of such com-
parisons depends on the assumption that these inten-
sity descriptors refer to the same absoloute intensities
to all.

One of the most ancient scales dates to the astron-
omer Hipparchus (190-120 BC) who classified stars into
six categories by their brightness. In the modern era,
Likert (1932) used a category scale for the study of
attitudes. A category scale in common use in food pref-
erence studies is the Natick nine-point scale developed
for use by the military in 1949 (e.g., see Jones, Peryam,
& Thurstone, 1955; Peryam & Girardot, 1952).

The ‘“‘graphic rating scale” arose by removing the
category divisions (Hayes & Patterson, 1921; Patterson,
1923). Freyd (1923) described the graphic rating scale as
a combination of rating on a straight line (a preview of
what was to become the visual analogue scale) “‘under
which were printed descriptive phrases indicative of
varying degrees of the trait, from one extreme to the
other.” Guilford (1954) credits Champney (1941) for the
“innovation’ of using a vertical rather than a horizontal
line.

The issue of whether or not the descriptors on cate-
gory or graphic rating scales were equally spaced led
Lasagna (1960) to ask patients to place pain descriptors
(slight, moderate, severe and very severe) at the appro-
priate places on a vertical pain ‘“‘thermometer.” He
found that they were not equally spaced (a similar con-
clusion resulted from other pain research using a visual
analogue scale (Berry & Huskisson, 1972). This was a
preview of the efforts of psychophysicists to place
intensity adjectives on ratio scales (see below).

The visual analogue scale (VAS) came into its own in
the 1960s (e.g., Aitken, 1969; Aitken, Ferres, & Gedye,
1963; Clarke & Spear, 1964; Silverstone & Stunkard,
1968). For example, to measure the apprehension
experienced by fighter pilots in ten defined situations,
Aitken asked pilots to rate their apprehension on a 100
mm line labeled ‘“maximal relaxation” at one end and
“maximal panic” at the other end. The VAS is now
extremely popular in a variety of fields; a search under
“Visual Analogue Scale’” via PubMed produced 16,812
references from 1967 through 2001. Typically it is
described as a line labeled at its ends with the “mini-
mum and the maximum rating” for a particular variable
(e.g., see Hetherington & Rolls, 1987).

The relation between category and ratio scales was of
considerable interest to S.S. Stevens and his students
and colleagues. Ratings of sensory intensity on category
scales are generally concave downward when plotted
against ratings from a ratio scale (e.g., see Stevens &
Galanter, 1957). The removal of the category ratings to
make the VAS appears to have given the VAS ratio
properties (e.g., see the pain VAS in Price, McGrath,
Rafii, & Buckingham, 1983).

3. Labeled scales and erroneous across-group comparisons

Adjective/adverb labeled scales can obviously be used
for within-subject comparisons. They can also be used
for across-group comparisons when the members of the
groups are randomly assigned; this insures that there
will be no difference, on average, in the way the groups
use the labels. However, these scales have come to be
used to compare groups that differ in systematic ways
(e.g., sex, age, clinical status). This usage rests on the
implicit assumption that the intensity labels refer to the
same absolute perceived intensity, on average, for each
group. Reflection shows this assumption is false. S.S.
Stevens (1958) made this point more than 40 years ago:
“Mice may be called large or small, and so may ele-
phants, and it is quite understandable when someone
says it was a large mouse that ran up the trunk of the
small elephant.” This example illustrates that the abso-
lute intensity indicated by an adjective varies depending
on the domain to which the adjective is applied. Inten-
sity adverbs modify adjectives; thus we can describe a
very large mouse and a very small elephant (see CIliff,
1959; Mosteller & Youtz, 1990) for accounts of how
intensity adverbs modify adjectives).

Even within the same domain, the absolute intensities
associated with a given descriptor can vary across indi-
viduals depending on differences in experience or phy-
siology. Once we understand this, it is clear that the use
of labeled scales to make across-group comparisons will
be invalid whenever the members of the groups differ
systematically in experience or physiology. It is impor-
tant to note that the reason most investigators initiate a
study on group differences is that they suspect the dif-
ferences exist. But if the differences do exist, then this
provides the very circumstances that could make the
absolute intensities to which the scale labels refer vary
across the groups.

Some of the early developers of various labeled scales
were aware of their limitations. In an early paper on the
VAS, for example, Aitken (1969) noted, “The same
word used by different people need not convey that they
experience the same feeling, neither does comparable
positioning of marks on lines.” This was not always
appreciated in the years to come. One can imagine a
variety of group differences that could involve system-
atically different experiences in some domains: sex, race,
age, clinical status (e.g., alcoholism, obesity, psychiatric
diagnoses, etc.). The problem has been particularly
troublesome in studies on genetic variation in taste.

It is important to note that psychophysicists have
long known ratings of perceived intensity (however they
are obtained) can be altered by context and experience
(e.g., see Gescheider, 1988; Helson, 1964; Parducci,
1965; Zoeke & Sarris, 1983). Although these effects were
generally demonstrated by within-subject comparisons
(e.g., demonstrating how alterations in context or
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experience could change an individual’s ratings), the
insights gained also apply to across-group comparisons
and imply that they would be invalid whenever context
or experience varies systematically across the groups.

Experts in a variety of fields have warned specifically
of the consequences of invalid across-subject/group
comparisons. For example, Narens and Luce (1983)
disputed some economists’ belief in the “‘intercompar-
ability of utility” the idea that the magnitude of value
can be compared across individuals. They provided an
all too familiar illustration of their point by noting that
our confidence in assessing others’ preferences may lead
us to introduce two people that we predict will be com-
patible only to find ourselves very mistaken. Biernat and
Manis (1994) noted that a label could indicate different
absolute intensities depending on the target to which it
is applied. For example, “very tall” indicates a different
height when applied to a woman than when applied to a
man. Birnbaum (1999) addressed the absurd results that
can occur when comparisons are made across groups
using different contexts to make judgments. Birnbaum
asked different groups to judge the size of the numbers 9
and 221 on a 10-point scale ranging from ‘‘very very
small” to “very very large.” Because of the different
contexts brought with the two numbers, the average
scale values for 9 and 221 were 5.13 and 3.10, respec-
tively, leading to the apparent conclusion that 9> 221.

Frequency and probability descriptors are also per-
ceived to reflect different magnitudes across subjects/
groups (e.g., Hakel, 1968; Kong, Barnett, Mosteller, &
Youtz, 1986; Mapes, 1979; Simpson, 1944; Wallsten &
Budescu, 1995; Wallsten, Budescu, Rapoport, Zwick, &
Forsyth, 1986). Woody Allen and Marshall Brickman
immortalized this in their 1977 movie “Annie Hall.”
When Alvy (Allen) and Annie (Diane Keaton) in split
screen visits with their respective psychiatrists describe
the frequency with which they have sex, Alvy says
“Hardly ever,” and Annie says “Constantly”” and then
both add, “‘three times a week.”

We will show how invalid comparisons across groups
will most often blunt the comparisons; that is, the dif-
ferences across groups will seem smaller than they are in
reality. However, in some cases, differences that seem to
be real will actually be in the wrong direction. We have
identified examples of this in studies on genetic varia-
tion in taste (Bartoshuk, Duffy, Fast, Green, & Snyder,
2002).

4. Stimuli as standards: magnitude matching

S.S. Stevens (1956, 1957) revolutionized psycho-
physics in the 1950s by introducing direct scaling meth-
ods. The most popular of these, magnitude estimation,
directed subjects to assign numbers to sensations such
that one sensation twice as intense as another is

assigned a number twice as large, etc. Stevens devised
this method to produce scales with ratio properties, a
highly desirable attribute. However, it is important to
note that magnitude estimate data can only show the
rate at which perceived sensory intensities grow with
increases in the stimulus; absolute magnitude estimates
cannot be compared across subjects/groups (see
Michell, 1999, for a critique of measurement as Stevens
saw it).

5. Genetic variation in taste

Fox (1931) discovered taste blindness to PTC (phe-
nylthiocarbamide). About 25% of the US population
cannot taste PTC (nontasters); the other 75% taste it as
bitter. Family studies (Blakeslee, 1932; Snyder, 1931)
suggested that nontasting was a simple Mendelian
recessive. Very early in the history of PTC studies,
threshold measures became the gold standard (Harris &
Kalmus, 1949) [See Fernberger (1932) for a rare supra-
threshold study from that era]. The PTC threshold dis-
tribution was essentially bimodal; most subjects had
thresholds that fell clearly into either the nontaster dis-
tribution (higher concentrations of PTC) or the taster
distribution (lower concentrations of PTC). However,
Kalmus (1958) showed that the average PTC threshold
for tasters with only nontaster siblings was slightly
higher than that for tasters with only taster siblings; this
suggested that PTC tasting shows incomplete dom-
inance (also shown by Reed and her co-workers (Reed,
Bartoshuk, Duffy, Marino, & Price 1995). However, the
taster PTC threshold distribution did not clearly sepa-
rate into two groups; thresholds could not sort the het-
erozygous from the homozygous dominant tasters.

In 1975, my lab wanted to scale the perceived bitter-
ness of PTC with magnitude estimation. However, we
faced the problem noted above: magnitude estimates
cannot be compared across subjects/groups. The early
PTC studies tested a variety of compounds and con-
cluded that only those containing the N-C=S group
produced the bimodal distribution associated with PTC.
Thus, we reasoned, if we asked subjects to rate PTC
relative to another compound (acting as a standard)
that did not contain the N-C =S group, we could make
absolute comparisons of the average bitterness per-
ceived by nontasters and tasters. Using NaCl as our
standard, we found that caffeine, a bitter compound not
containing the N-C=S group, was less bitter to non-
tasters than to tasters (Hall, Bartoshuk, Cain, & Ste-
vens, 1975).

Subsequently, we switched from PTC to PROP (6-n-
propylthiouracil). PROP is a medication and thus safety
information is available to protect human subjects; in
addition, PROP lacks the sulfurous odor associated
with PTC (Fischer, 1967; Lawless, 1980). Studies using
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PROP led to new findings. First, some sweet com-
pounds (that clearly did not contain the N-C=S group)
tasted more intense to tasters than to nontasters; these
included saccharin (Bartoshuk, 1979) and sucrose (Gent
& Bartoshuk, 1983) as well as sodium and potassium
benzoate (Bartoshuk, Rifkin, Marks, & Hooper, 1988).
Some milk products tasted more bitter to tasters (Mar-
ino et al., 1991). In addition, the greater intensities per-
ceived by tasters extended to a non-taste oral sensation:
the burn of capsaicin (chilis) (Karrer & Bartoshuk,
1991).

As data accumulated, it became clear that some
tasters perceived much greater bitterness from PROP
than did others. These supertasters (Bartoshuk, 1991)
tended to experience the most intense sensations not
only from a variety of other taste stimuli but also from
oral irritants and oral thickeners including fats (Bar-
toshuk, 1993a, 1993b; Bartoshuk et al.,, 1992, 1993;
Dufty, Bartoshuk, Lucchina, Snyder, & Tym, 1996;
Phillips, Bartoshuk, Peterson, & Dufty, 2001; Prescott,
Johnstone, & Munro, 2001; Prescott & Swain-Camp-
bell, 2000; Prutkin, Fast, Lucchina, & Bartoshuk, 1998;
Snyder, Lucchina, Duffy, & Bartoshuk, 1996; Tepper &
Nurse, 1997).

The fact that tasting was not related solely to the N—
C=S group in a specific set of bitter compounds made
us concerned about the use of NaCl as a standard.
Fortunately, J.C. Stevens had pioneered the study of
cross-modality matching (Stevens, 1959; Stevens &
Marks, 1965). His work suggested that subjects can
match perceived intensities even though stimuli may
vary in quality; J.C. Stevens and Marks formalized the
idea of a standard from a modality unrelated to the
modality under study as the “method of magnitude
matching” (Marks & Stevens, 1980; Stevens & Marks,
1980). Thus we could use non-taste standards in taste
studies (Marks et al., 1988). Using a sound standard
(assuming that nontasters, medium tasters and super-
tasters hear the same, on average) revealed that the
saltiness of NaCl varies with taster status: nontasters
perceive the least and supertasters the most saltiness
(Bartoshuk, Duffy, Lucchina, Prutkin, & Fast, 1998).
This suggests that the magnitude of PROP effects will
be larger when tested with a sound standard [e.g., see
Ko et al. (2000) for taste data and Prutkin et al. (1998),
for data on other oral sensations].

Interestingly, the cross-modality matching work of
J.C. Stevens had an early impact on the pain field. Peck,
a physician in private practice, wanted to measure pain
(Peck, 1967) and anxiety (Peck, 1966). He asked subjects
to turn the knob of an audiometer until the sound
intensity matched that of the pain or anxiety experi-
enced, presaging the formal development of magnitude
matching by many years. Another matching technique
preceded even Peck’s work. In 1962, Kast used
mechanically mediated pressure to the leg to create pain

that could be varied in intensity by a patient suffering
pathologic pain. The patient was instructed to press a
button to increase the pain to the leg and to release the
button when the pain matched the pathologic pain.

6. Magnitude estimation and across-group comparisons:
Borg/Teghtsoonian range theory

Stevens was interested in comparing sensory mod-
alities; he was not interested in making comparisons
across subjects or groups. Thus he was not concerned
that magnitude estimates cannot be compared across
subjects. Borg (1961), who was concerned and sought
solutions to this problem, suggested that the range from
no sensation to maximal sensation within sensory mod-
alities was equal for all subjects. He initially cautioned
that this assumption might not be ‘“‘suitable for all sense
modalities.” However, Teghtsoonian (1973) argued that
“for all perceptual continua the maximum range of
subjective magnitude is constant.” In 1992, Borg
described a pilot study he had conducted in 1985 at a
conference of psychophysicists (Borg, 1992). He asked
the attendees to ‘“‘estimate conceived maxima for different
modalities.” He reported, “All of the psychophysicists
gave the highest estimates to pain, then came a big class
consisting of loudness, brightness, perceived effort and
exertion etc., in which the maxima were about the same.
The lowest estimates—the ‘weakest modality’—was
taste, especially the quality of sweetness.” Thus he
argued (Borg, 1994), ““...maximal intensities are about
the same for most sensory modalities (except for
pain)....” By this view, across subject/group compar-
isons would become logically possible. Subjects would
only have to rate their sensations proportionately on a
scale from zero to maximum. All such ratings across
subjects and across sensory continua would then be
comparable with the exception of pain. (We will chal-
lenge that view in the present study.)

Borg also felt that subjects would be aided by having
adjective/adverb descriptors like “weak,” “very strong,”
etc. on the scale. He tested various spacings to try to
give his scale ratio properties but he did not use
empirical methods to place the adjectives (e.g., see Borg,
1982).

Moskowitz (see Moskowitz, 1977, Moskowitz &
Chandler, 1977) located intensity labels (barely, slightly,
moderately, very, extremely) empirically for foods/bev-
erages. He did this in the following way. At the end of a
standard magnitude estimation experiment, he asked
subjects to provide magnitude estimates of the intensity
labels as if those labels referred to stimuli of the same
type as those just experienced. Of special importance, he
did this for a variety of attributes (sweetness, flavor
intensity, consistency, color deepness and liking/dislik-
ing) in studies with various food products. The relative
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spacing of the labels remained essentially the same
(Moskowitz & Chandler, 1977) and was similar to that
proposed by Borg. This was the first time that the spa-
cing of intensity adjectives was determined empirically
and compared for a variety of sensory domains as well
as for a hedonic domain.

Other studies related intensity labels to pain experi-
ences. Gracely, McGrath, and Dubner (1978) asked
subjects to provide magnitude estimates of pain inten-
sity descriptors (e.g., weak, moderate, strong) as well as
affective terms (e.g., unpleasant, awful, unbearable).
Heft and Parker (1984) associated pain intensity
descriptors (faint, weak, mild, moderate, strong,
intense) with electrocutaneous shock to the wrist. Kar-
rer and Bartoshuk (1991) followed the Moskowitz
strategy and associated intensity descriptors (very weak,
weak, medium, strong, very strong) with the oral burn
produced by capsaicin.

Up to this time, only Borg had anchored the top of
the scale to “maximal.” Green, Shaffer, & Gilmore
(1993) asked subjects to provide magnitude estimates
for a variety of commonly experienced oral stimuli
(including oral pain) along with estimates for intensity
descriptors (as the earlier investigators had done) but, in
addition, they asked subjects to locate the top of the
scale: “‘strongest imaginable sensation.” Thus the
Labeled Magnitude Scale (LMS) devised by Green and
colleagues was the first to be both empirically derived
and anchored at the top with the most intense sensa-
tions possible for the domain under study. Green and
colleagues specifically limited their scale to oral sensa-
tions because of concern that the strongest possible
sensation might vary across sensory modalities.

Schutz and Cardello (2001) constructed a scale in a
fashion similar to that used by Green et al; the Schutz—
Cardello scale was derived for hedonic experiences
associated with foods. Although the descriptors in the
studies vary, to the extent that they can be compared,
the spacings are remarkably similar across studies; the
scales have a logarithmic appearance because the spaces
between descriptors tend to get larger as we move from
weak to stronger descriptors. We should expect a cer-
tain amount of variability in the spacings since a variety
of “biases” are known to affect psychophysical judg-
ments (e.g., the relative number of descriptors reflecting
the weakest versus the strongest experiences, etc.; see
Gescheider, 1988). However, the overall agreement
across the scales is impressive, nonetheless. We suggest
that the similarity of these scales is the result of the way
we learn to use intensity adjectives/adverbs. The spacing
is relatively invariant because it reflects the relations
among the descriptors and these remain essentially the
same independent of the domain to which they are
applied. We can imagine a family of labeled ratio scales
stretched or compressed to fit the domains of interest.
Although the existing data support this conclusion, it

would be of interest to test this directly using the same
subjects to locate intensity descriptors in various
domains.

7. General Labeled Magnitude Scale (gLMS)

It is important to note that the addition of adjective/
adverb descriptors to ratio scales does not solve the
problem of the relativity of the descriptors across con-
text and experience. When Green and his colleagues
constructed the LMS, they anchored the top of the scale
to oral sensations including pain assuming that oral
pain would be equivalent, on average, across groups of
subjects. However, the intensities of sensations pro-
duced by irritants placed on the tongue are linked to
tongue anatomy. Taste buds are surrounded by nerve
fibers believed to mediate burn/pain (Finger, Nelson,
Bryant, & Moore, 1994; Nagy, Goedert, Hunt, & Bond,
1982; Silver & Finger, 1991; Whitehead, Beeman, &
Kinsella, 1985) and the number of taste buds is related
to PROP status (Bartoshuk, Duffy, & Miller, 1994;
Miller & Reedy, 1990; Tepper & Nurse, 1997). If the
perception of burn determined maximal oral sensation,
the top of the LMS would not be equivalent for non-
tasters, medium tasters and supertasters.

The first indication that the top of the LMS might
differ across PROP groups came from a study by Sny-
der et al. (1996) on capsaicin burn and PROP status.
Snyder asked subjects to rate the saltiness of NaCl, the
bitterness of PROP and the oral burn of capsaicin.
Including NaCl permitted the data to be analyzed as a
magnitude matching study; ratings were normalized to
NaCl. Note that we now know that this would under-
estimate the magnitude of the PROP effect; yet, nor-
malizing the data to NaCl produced a larger PROP
effect than did the raw LMS data. Thus, following Sny-
der’s study, we anchored the top of the LMS with
“strongest imaginable sensation of any kind” (e.g.,
Bartoshuk, 2000; Prutkin et al., 2000). We now refer to
this generalized version of the LMS as the gLMS (Bar-
toshuk, Duffy, Fast, Green, & Snyder, 2001; Bartoshuk
et al., in press; Fast, Green, Snyder, & Bartoshuk, 2001;
Snyder, Duffy, Fast, Hoffman, et al., 2001; Snyder,
Dufty, Fast, Weiffenbach, & Bartoshuk, 2001). Note
that Lawless and his colleagues (Lawless, Horne, &
Spiers, 2000) have expressed similar concern with use of
the LMS to make “inter-group comparisons . .. between
groups with different bitter sensitivities.”

We can think of the gLMS as a labeled scale with
ratio properties ‘“‘stretched” to the maximum possible.
This would not be identical to the scale proposed by
Borg because Borg took the position that the maxima
across most modalities are the same and we do not (it is
one purpose of the present study to demonstrate that
maxima across modalities show considerable variation).
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Fig. 1. The left side illustrates the actual differences across the taste
worlds of nontasters (NTs), medium tasters (MTs) and supertasters
(STs). The right side illustrates the consequences of assuming incor-
rectly that all three groups live in the same taste world (Bartoshuk et
al., in press).

Comparisons of the data collected by Snyder (original
LMS) with data collected later by Prutkin (gLMS)
revealed the severity of the consequences of making an
erroneous assumption about the equivalence of the top
of the LMS to all. Plotting the perceived saltiness of
NaCl versus the perceived bitterness of PROP produced
a positive correlation with the gLMS but a negative
correlation with the original LMS (Bartoshuk et al.,
2000). We illustrate the way in which a significant posi-
tive correlation can appear to be a significant negative
correlation in Fig. 1.

Although the example in Fig. 1 is in terms of oral
sensations, the principles are the same in any area in
which subjects have systematically different experiences
so that intensity descriptors will indicate different abso-
lute intensities to different groups. The left side of Fig. 1
suggests the differences in oral sensations across non-
tasters, medium tasters and supertasters. These were
estimated from laboratory studies using magnitude
matching (sound standard) with adjectives rated at the
end (Bartoshuk et al., 2000). The functions labeled A
through E are drawn to reflect differences in the size of
PROP effect. For example, function 4 could reflect a
very large effect like that produced by quinine (bitter-
ness), functions B though D could reflect smaller effects
like those for sucrose or NaCl (Ko et al., 2000). Func-
tion E reflects a sensation that is not correlated with
PROP (e.g., oral burn from a non-tongue location; see
Karrer et al., 1992). The right side of Fig. 1 shows what
happens under the erroneous assumption that ‘“‘very
strong” indicates the same absolute intensity to all. For
the largest effects (4 and B), assuming that ‘‘very
strong” is the same to all reduces the size of the PROP
effect. However, for C, the PROP effect is completely
lost. Note that D and E now erroneously appear to
suggest that nontasters actually perceive more intense
sensations than do medium and supertasters: a reversal
artifact. D in Fig. 1 explains the apparent negative

correlation between PROP bitterness and NaCl saltiness
in the Snyder study noted above. We have identified
some instances in which the reversal artifact appears to
have occurred in PROP studies (Bartoshuk et al., in
press).

Comparing the gLMS with magnitude matching
(Bartoshuk et al., 2000) revealed that both produce
about the same separation across nontasters, medium
tasters and supertasters; this strengthens the idea that
the assumptions of both procedures are roughly correct.
That is, the gLMS may produce valid comparisons
across PROP groups and hearing is not closely related
to tasting (but see the discussion).

The discovery that perceived taste intensities are
associated with density of fungiform papillae provides a
tool for evaluating the power of scales to provide valid
comparisons across nontasters, medium tasters and
supertasters. For example, in a pilot study the gLMS
and magnitude matching produced a significant corre-
lation between fungiform papillae density and the bit-
terness of quinine; two visual analogue scales did not
(Prutkin et al., 2000).

Note that we need not use the gLMS to make valid
comparisons across nontasters, medium tasters and
supertasters. We need only anchor the top of the scale
to a domain not related to taste. However, if we selected
a domain that was smaller than the taste domain to
supertasters, we would produce a ceiling effect: the
supertasters would be unable to appropriately locate
their taste sensations on such a scale. The gLMS avoids
this. To the extent that the “strongest imaginable sen-
sation of any kind” is similar across individuals, the
gLMS would be a universal sensory ruler. It is clearly
unlikely that this is true. However, whenever “‘strongest
imaginable sensation of any kind” is not systematically
different across groups, the gLMS will produce valid
comparisons across those groups.

Since Moskowitz and Chandler (1977) found that the
spacing of hedonic intensity labels was similar to that
for sensory intensity labels (suggesting that hedonic
experiences have the same quantification properties as
sensory experiences), we created a bipolar hedonic scale
using the adjective spacing found by Green et al. (1993).
With neutral in the center, negative hedonic ratings
were placed on the left and positive hedonic ratings, on
the right. The ends were anchored with “‘strongest ima-
ginable hedonic sensation of any kind” (Bartoshuk et
al., 1999; Bartoshuk et al., in press; Chapo, Bartoshuk,
Peterson, Phillips, & Duffy, 2001; Chapo, Phillips, Ilich,
& Dufty, 2001; Dufty, Fast, Cohen, Chodos, & Bar-
toshuk, 1999; Dufty, Phillips, Peterson, & Bartoshuk,
2001; Dufty & Peterson, 2000; Peterson & Duffy, 2000a,
2000b; Fast, Duffy, & Bartoshuk, in press; Peterson,
Bartoshuk, & Dufty, 1999; Phillips et al., 2001; Snyder,
Dufty, Fast Hoffman et al., 2001; Reed et al., 2002;
Snyder, Duffty, Fast, Weiffenbach et al., 2001).
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The hedonic food scale that Schutz and Cardello
(2001) constructed used the same methods as those used
by Green et al. (1993). The fact that they found similar
spacing among the descriptors further supports the idea
that hedonic and sensory intensities show similar inten-
sity properties. We suggest that anchoring the ends of
hedonic scales in terms of all hedonic experience pro-
vides the same advantage for hedonic scales as it does
for sensory scales: it permits comparisons across groups
that may live in very different hedonic food worlds.

The data from the experiment presented here will
show that the maximum sensations in different mod-
alities are not equally intense; that is, the assumption in
range theory that all sensory continua have equivalent
maxima is not supported. In addition, we show that
even using remembered sensations, nontasters, medium
tasters and supertasters can be shown to live in different
taste worlds. The present study also shows that the most
intense remembered oral burn tends to exceed the most
intense remembered oral pain for the subjects most
responsive to PROP. Thus the most intense oral sensa-
tion is not equivalent across nontasters, medium tasters
and supertasters; this limits the validity of the original
LMS for the measurement of PROP effects.

8. Experiment

Data were collected from attendees (20—79 years old,
inclusive) at lectures given by LMB (data collected prior
to the lecture). Attendees filled out a questionnaire, tas-
ted a piece of candy rating it for sweetness and tasted
PROP paper rating it for bitterness. All ratings were
made on the gLMS.

8.1. Questionnaire

We have been using questionnaires to collect data on
hedonic responses to foods as well as bitterness of
PROP paper (see below) at lectures since 1993. An early
version of the questionnaire utilized the Natick nine-
point scale both for hedonic ratings of foods
(1=strongly dislike, 5=neutral, 9=strongly like) and
for the perceived bitterness of PROP paper (0 =no taste,
1 =very weak, 5=medium, 9=very strong) (see (Bar-
toshuk et al., 1994; Bartoshuk, Duffy, Reed, & Wil-
liams, 1996; Duffy & Bartoshuk, 1996) for portions of
those data). With the realization that the Natick nine-
point scale would cause comparisons across nontasters,
medium tasters and supertasters to appear erroneously
small (Bartoshuk, 2000; Bartoshuk et al., in press; Fast
et al., in press; Lucchina et al., 1998; Prutkin et al.,
2000), we switched to the gLMS for measures of PROP
paper bitterness and food preferences (Bartoshuk et al.,
1999; Bartoshuk et al., in press; Duffy et al., 1999; Fast
et al., in press; Snyder, Duffy, Fast, Hoffman et al.,

2001; Snyder, Dufty, Fast, Weiffenbach et al., 2001).
With some versions of the questionnaire we also eval-
uated the oral burn of capsaicin (in a candy) (Bar-
toshuk, Caseria et al., 1996) and the sweetness of Stop &
Shop butterscotch disks (Bartoshuk, 2000; Weiffenbach,
Duffy, Fast, Cohen, & Bartoshuk 2000). Recently, we
added an item asking subjects if they have ever tasted
PROP before. Only subjects for whom this was the first
experience tasting PROP were included in this analysis.

The questionnaire consists of a single sheet with a list
of foods for hedonic evaluation on one side. These
hedonic ratings will not be discussed here (see the refer-
ences above). The other side of the questionnaire con-
tains a list of sensations to be rated for perceived
intensity on the gLMS (see Table 1). Some of the
remembered sensations were added to the questionnaire
earlier than others and some attendees did not rate each
item so the number of subjects providing each rating
varies (see Table 1). Attendees were told that “‘oral
burn” referred to the sensation produced by putting an
irritant into the mouth (e.g, chilis) and “oral pain”
referred to an internally generated sensation (e.g.,
toothache, canker sore, biting the tongue).

8.2. General Labeled Magnitude Scale (gLMS)

The scale consisted of a horizontal line 11 cm long.
The extreme left was labeled “no sensation” and the
extreme right was labeled “strongest imaginable sensa-
tion of any kind.” Considering the line to be 100 units,
the descriptors “barely detectable,” “weak,” moderate,”
“strong,” and “‘very strong” were spaced at 1.4, 6, 17,
35 and 53, respectively (the spacing determined by
Green et al., 1993; Green, Dalton, Cowart, Rankin, &
Higgins, 1996). To emphasize the general nature of the
top of the scale, attendees were told to think of intense
experiences from different modalities (e.g., staring at the
sun, hearing a nearby jet plane take off, experiencing
intense pain).

8.3. Subjects

When data are collected in a group setting, the
experimenter has limited control over how well the
subjects understand the instructions. For this reason, we
required that data meet a criterion to be included. To be
certain that subjects understood the instructions, data
were only included if the subject rated ‘““whisper”
<‘“conversation” < “loudest sound experienced.” Of
406 subjects, 46 failed to meet this criterion and were
excluded from this analysis. Of the 360 remaining,
“loudest sound you have ever heard” and “brightest
light you have ever seen’ were tested for outliers (indi-
viduals falling > 2.5 S.D.s from the regression line of each
rating plotted against PROP bitterness). Three subjects
produced ratings of “‘brightest light experienced” that
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Table 1

Correlations between remembered sensations and the bitterness of PROP paper

Remembered sensation N Mean intensity Correlation with PROP bitterness Spearman Rho P value
Brightness of a dimly lit restaurant 201 12.3 0.03

Brightness of a well lit room 196 20.9 0.08

Brightest light you have ever seen 283 68.8 0.02

Loudness of a whisper 283 9.7 0.02

Loudness of a conversation 283 24.9 0.11

Loudest sound you have ever heard 283 73.9 0.12 <0.05
Warmth of warm bread in your mouth 279 29.3 0.12

Strongest smell of a flower 176 44.7 0.14

Sweetness of a coke 200 359 0.20 <0.01
Bitterness of celery 278 12.6 0.13 <0.05
Strongest saltiness experienced 282 54.1 0.12 <0.05
Strongest sweetness experienced 280 55.2 0.26 <0.0001
Strongest sourness experienced 281 59.1 0.24 <0.0001
Strongest bitterness experienced 283 56.1 0.18 <0.01
Strongest oral burn experienced 280 64.5 0.17 <0.01
Strongest oral pain experienced 280 62.4 0.10

Maximum of oral burn and pain 280 72.8 0.12 <0.05
Candy 281 29.7 0.19 <0.01
were so low that they fell below the criterion and were 9. Results

excluded from this analysis.

Of the remaining 357 subjects, 283 had not previously
tasted PROP; ratings from these subjects were used in
the analyses. Of the 283, 156 were female, 113 were male
and 14 did not indicate sex on the questionnaire.

8.4. Candy

Butterscotch discs purchased at Stop & Shop (Quincy,
MA) were rated for sweetness.

8.5. PROP paper

PROP papers were made by soaking 3 cm diameter
circular shaped pieces of filter paper (Whatman #1) in
saturated pharmaceutical grade PROP (near boiling
temperature). Papers were air dried and stored in small
glassine envelopes. Each paper contains approximately
1.6 mg PROP. PROP crystallizes into the filter paper
making it a convenient vehicle to deliver a measured
amount of material into the mouth. Comparing the
average perceived bitterness of the PROP papers with
those of PROP solutions, the PROP paper falls between
the perceived bitternesses of 0.001 and 0.0032 M PROP.

8.6. Procedure

Attendees first filled out the demographic informa-
tion, then rated the foods/beverages for liking/disliking,
next rated the sensations shown in Table 1 and rated the
sweetness of the candy. The bitterness of the PROP
paper was rated last to avoid context effects (Bartoshuk,
2000).

Fig. 2 shows the most intense remembered sensations.
ANOVA for the subjects rating all nine maximal sensa-
tions showed a highly significant effect of quality of
sensation. Tukey HSD post-hoc tests (shown in Fig. 2)
showed that the strongest flower smell was the least
intense and sound the most intense of those sensory
qualities tested for this group of subjects. Some subjects
(N=062) rated two or more modalities at the same max-
imum. Of attendees who had only one sensation at the
maximum (N=221) the sensations given the highest
ratings were: 66 for sounds, 56 for oral pain, 38 for
light, 34 for oral burn, 10 for bitter, 7 for sour, 6 for
sweet and 4 for salty; no subject selected the strongest
smell of a flower as the most intense of all of the sensa-
tions rated.

Strongest
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Fig. 2. Perceived Intensity (gLMS)+SE of the most intense remem-
bered sensations of nine qualitatively different sensations. Bars that do
not share a letter are significantly different (at least P <0.05) tested
with a Tukey HSD post-hoc test (Keppel, 1991).
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Table 1 shows the average rating for each of the
remembered sensations as well as the Spearman rho
correlations between these ratings and the bitterness of
PROP paper. Spearman rho rather than Pearson r
correlations were used because the PROP paper ratings
are not normally distributed. Following the reasoning
of Keppel (1991), we have not applied a Bonferroni
correction since the number of planned correlations is
small compared to the number of possible correlations.
Note that the correlations are small. We cannot deter-
mine at this point whether they are small because they
concern remembered rather than actual sensations (see
Discussion) or whether they are small because of noise
introduced by the group setting.

For 137 subjects, the bitterness of the PROP paper
was rated higher than the “‘strongest bitterness experi-
enced.” The correlation between PROP paper bitterness
and the magnitude of the difference (strongest bitterness
experienced—bitterness of PROP paper) was rho=0.79,
P <0.0001. For 36 subjects, the sweetness of the candy
was rated higher than the “‘strongest sweetness experi-
enced.” The bitterness of PROP paper was not corre-
lated with the magnitude of the difference (strongest
sweetness experienced—sweetness of candy) (rho=0.04,
N.S)).

An examination of individuals at the extreme ends of
the PROP distribution (bottom and top 10%) provides
further information about the relations between oral
burn, oral pain and PROP bitterness. The distributions
for oral burn/oral pain of these two groups were sig-
nificantly different (Chi-square=6.72; df=1; P<0.01).
On average, for subjects at the top of the PROP dis-
tribution (supertasters) the ratio of oral burn to oral
pain was 1.63; for subjects at the bottom (nontasters),
the ratio of oral burn to oral pain was 0.99 (r=2.639,
P=0.01).

10. Discussion

10.1. Maximal perceived intensities are not the same
across modalities

The results of the present study demonstrate that,
contrary to the assumptions of range theory, maximum
perceived intensities vary across modalities. Previous
studies have shown that nontasters, medium tasters and
supertasters live in different oral sensory worlds. The
correlations of remembered sensations with PROP
paper bitterness show that these differences can even be
demonstrated with remembered sensations. Given the
stability of spacing among intensity adjectives, this sup-
ports the position that adjective/adverb-labeled scales
stretch and compress to fit the domain to which they are
applied. Since the scales stretch and compress differently
in groups with systematically different experiences, the

scales cannot be used to make valid comparisons across
the groups.

The range of the maxima for various sensations in the
real world is considerably larger than that reflected in
Fig. 1. We selected “‘strongest smell of a flower” because
we believed it would be obviously weaker than other
items like “loudest sound you have ever heard.” How-
ever other sensory/hedonic experiences could have even
weaker maxima. These might include sensations like
those associated with ingestion (e.g., hunger, satiety,
thirst) as well as some emotional experiences (e.g.,
annoyance, satisfaction).

10.2. Strongest remembered taste sensations correlate
with perceived bitterness of PROP

Since none of the subjects in this study had previously
tasted PROP, we can conclude that the differences in the
taste worlds of nontasters, medium tasters and super-
tasters are sufficient to be reflected in subjects’ remem-
bered taste sensations. But beyond this, these data are
interesting in the context of remembered sensations in
general. Of particular interest, about half of the subjects
rated the PROP paper as more bitter than they had
previously rated “‘strongest bitterness experienced;” the
size of this difference was highly correlated with PROP
status. Intense bitter tastes are not part of our ordinary
experience and it is quite likely that many supertasters
have not previously tasted anything as bitter as PROP
tastes to them. Thus rating the PROP paper as more
bitter than the ““strongest bitterness experienced” could
simply have been an accurate reflection of their experi-
ences. Only 36 subjects rated the candy as more sweet
than they had previously rated ‘‘strongest sweetness
experienced;”’ the size of this difference was not corre-
lated with PROP status.

Studies of remembered sensations suggest that they
differ from actual sensations in systematic ways (e.g.,
see Algom, 1992, for a review). Thus rating the PROP
paper as more bitter than ‘“‘strongest bitter experienced”’
and/or rating the candy as sweeter than ‘“strongest
sweet experienced” could reflect faded memories of
taste. Further, the differences across nontasters, med-
ium tasters and supertasters for remembered taste sen-
sations are smaller than the differences found when
stimuli were actually tasted in previous studies. For
example, saltiness (1.0 M NaCl) increased more across
nontasters, medium tasters and supertasters in a study
where the NaCl was actually tasted (Prutkin et al., 2000)
than it did in the present study. This suggests the possi-
bility that the fate of remembered taste sensations is
different across nontasters, medium tasters and super-
tasters. This possibility deserves evaluation in an
experiment designed to compare remembered and
actual taste sensations in the same subjects. The prop-
erties of remembered sensations are important in the
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context of scaling methodologies since the labels on
scales usually refer to remembered sensations.

10.3. The LMS and the gLMS

The LMS was originally derived for oral sensations.
Although we know that taste varies across nontasters,
medium tasters and supertasters, oral burn/pain shows
variation only for the tongue and not for other oral
areas (e.g., floor of the mouth; Karrer et al., 1992). If
the “strongest imaginable oral sensation” depended on
those non-tongue areas, then the LMS could provide
valid comparisons of oral sensations across nontasters,
medium tasters and supertasters. The data presented
here suggest that the burn perceived on the tongue tends
to be more intense than oral pain for extreme super-
tasters. When one can establish that there are systematic
differences in the absolute intensities experienced by
specific groups, then the LMS cannot be used to provide
valid comparisons across those groups. These data sug-
gest that the gLMS rather than the LMS should be used
for making comparisons across nontasters, medium
tasters and supertasters of PROP.

10.4. Invalid across-group comparisons

We noted earlier that the issues raised here do not
affect within-subject comparisons or across-group com-
parisons when the groups have been randomly selected.
The invalid comparisons result when groups have
experienced systematically different maxima in a given
domain. For example, consider pain. Are there sys-
tematic differences in pain experiences between certain
groups of individuals? Some reflection suggests this is
certainly the case. Childbirth is said to be one of the
most intense pains (Melzack, 1984). This suggests that
the “worst pain you have experienced” is likely to
reflect, on average, a less intense pain to men than to
women who have borne children. Or consider food
related sensations like hunger and satiety. Are these
sensations blunted or exacerbated in individuals with
eating disorders? In order to compare groups whose
maximal sensations vary, on average, we must use a
standard that is not related to the experience to be mea-
sured. Note that this means that the typical intensity
scales (category, Likert, VAS) labeled in terms of mini-
mal and maximal experiences of the domain to be mea-
sured will not provide valid across-group comparisons.

One of the issues that may have confused users of
intensity labeled scales is the availability of validation
studies. However, validation studies are aimed at
ensuring that the measure at hand measures what the
investigators want to measure. This can insure validity
for within-subject comparisons but does not assure
validity for across-subject/group comparisons. For
example, in a validation of the VAS for mood (Nyenhuis,

Stern, Yamamoto, Luchetta, & Arruda, 1997), the VAS
scores were correlated with a variety of other tests for
mood. Significant correlations were taken as evidence of
validity. But this can only establish similarity of relative
positions on a variety of scales. This does not prove that
the scales can then be used to compare absolute levels of
moods across groups.

In some cases, investigators do not label a scale with
the experience to be measured but rather simply use
intensity descriptors (e.g., a line labeled nothing at one
end and “extremely” at the other end; in other cases,
investigators do not label the scale at all. In these cases,
the subject must decide on the domain. Presumably, the
context of the experiment provides this (e.g., a subject
invited to participate in a taste study expects to rate
tastes). Not specifying a domain does not solve any of
the problems discussed here. Rather, it just adds more
uncertainty about the nature of the subject’s context.

10.5. An association between taste and hearing?

Table 1 shows that the correlation between PROP
paper bitterness and the loudest sound ever experienced
was significant. An association between taste and hear-
ing would be particularly important as we currently use
sound as a standard in PROP studies. It is possible that
such an association might result because certain kinds
of damage to the ear could also damage the chorda
tympani taste nerve (that nerve traverses the middle ear
right behind the malleus bone on its way to the brain).
A potential association between hearing and taste sug-
gests the need for vigilance when considering a sensory
standard. One of the ways in which we try to guard
against this in laboratory studies is to administer a spa-
tial taste test (Prutkin, Fast, Lucchina, Snyder, & Bar-
toshuk, 1999) to look for potential damage to the
chorda tympani. A better standard than sound for
PROP studies (i.e., a standard not at all related to
taste), may well show that PROP effects are even larger
than they appear to be in our recent studies.

10.6. Advantages to improved scaling

There may be many situations in which existing
across-group comparisons will be revealed as valid. One
easy way to test for group differences in sensations
would be to assess those sensations (remembered or
actual) with the gLMS or magnitude matching (using a
sensory standard unrelated to the sensations of interest).

When scale usage proves to be invalid, correction of
this will be to the advantage of the investigator; real
group differences will be larger and some group differ-
ences previously obscured will be revealed. In a few
cases, group differences erroneously thought to go in
one direction will prove to go in the other. Correcting
such instances will clearly be of value.
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10.7. Combine the gLMS and magnitude matching with
real and remembered sensations

The present data suggest a new psychophysical stan-
dard that should work for PROP studies and may well
work in a variety of other settings as well. The “bright-
est light you have ever seen” did not correlate with
PROP paper bitterness. Thus using that as a standard
on a scale would permit assessment of differences across
PROP groups. When questioned, not surprisingly, subjects
tended to identify the sun as the brightest light ever seen.
The brightness of the sun need not be perceived equally by
all to make it a useful anchor for a sensory ruler; it need
only be unrelated to the sensory maximum of interest.

The use of the gLMS and/or magnitude matching
(with real or remembered sensations as standards) are
not perfect solutions to comparing sensory and hedonic
intensities across individuals/groups; however, they
represent clear improvements over invalid comparisons.
The best strategy we can recommend at present is to use
a combination of methods (e.g., Chapo, Phillips et al.,
2001). In an experiment using a ratio scale (i.e., gLMS,
magnitude estimation), real or remembered standards
can be included in the study and the data can be nor-
malized to each of these standards (see, Bartoshuk,
2000, for an example of normalization). This provides
converging operations that serve to insure that the con-
clusions of the study hold over a variety of assumptions.
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