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scaling methods. With these developments have come questions about theoretical and practical differ-
ences among the methods. The goal of this review is to compare and contrast these different approaches
for the purpose of aiding researchers in selecting the most appropriate scaling method for their specific
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measurement needs. The review begins by addressing fundamental issues in scaling methodology,
including the role of context effects, then moves on to describing and discussing the development of var-
ious types of hedonic scales, their specific properties, and their potential advantages and disadvantages.
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1. Introduction

Sensations and hedonic experiences cannot be shared directly
with others. For this reason, it was thought a century and a half
ago that such experiences were inaccessible to direct measurement
(see Boring, 1929; Savage, 1970). In search of valid methods of sub-
jective measurement, Fechner (1860), who founded the science of
psychophysics to study the relationship between physical stimuli
and sensory responses, argued that sensory measurement could be
best accomplished by measuring the subject’s error in performing
a discrimination task (e.g., responding to each test stimulus as
“greater than” or “less than” the standard). It was not until years la-
ter that experimental psychologists, as well as consumer research-
ers, accepted the notion of using scaling methods, historically
known as the “method of single stimuli” or “method of direct scal-
ing”, to measure sensory and hedonic responses. Many scaling meth-
ods have since been developed and have been used in a variety of
situations to quantify sensation (e.g., Green, Shaffer, & Gilmore,
1993; Stevens & Galanter, 1957; Stone, Sidel, Oliver, Woolsey, &
Singleton, 1974) and hedonic responses (e.g., Lim, Wood, & Green,
2009; Peryam & Pilgrim, 1957), as well as other perceptual and emo-
tional dimensions, including satiety (e.g., Cardello, Schutz, Lesher, &
Merrill, 2005), attitude (e.g., Likert, 1932), fear (e.g., Cox & Evans,
2008), and mood (e.g., Aitken, 1969; Zealley & Aitken, 1969).

Because the theoretical and practical differences among scaling
methods are vast, there have been many studies, discussions and
controversies in the scientific literature on the subject. The focus
has, however, been primarily on measurement of sensation inten-
sity. The development of hedonic scaling has lagged behind the
development of intensity scaling, because measuring “secondary
states”, including evaluating the degree of liking/disliking of sen-
sory stimuli, has generally been of less interest by psychophysicists
(Prescott, 2009). In recent years, however, the importance of
understanding human hedonics has become increasingly recog-
nized in both consumer research and chemosensory neuroscience
(de Araujo, Rolls, Kringelbach, McGlone, & Phillips, 2003; Rolls,
Kringelbach, & de Araujo, 2003; Small et al, 2003; Winston,
Gottfried, Kilner, & Dolan, 2005) and, as a consequence, interest
in hedonic measurement has been greatly increased.

Although there have been several excellent reviews of psycho-
physical scaling, they have focused mainly on intensity scaling
methods (e.g., Bartoshuk et al., 2002; Gescheider, 1988; Stevens,
1971).The current review focuses instead on scaling procedures that
are designed to measure hedonic responses. Even so, it is necessary
to begin by considering the fundamental issues and models that are
common to both intensity and hedonic measurement, including the
nature and function of different types of scales, and the role of con-
text effects. After the background theory is presented, various hedo-
nic scaling methods will be illustrated together with each scale’s
utility, properties, advantages, and disadvantages.

2. Fundamental issues in scaling methodology
2.1. Measurement types as a function of mathematical transformations
While each scaling method has its own unique features, the pri-

mary property of each method can be described by how numbers
are conceptually utilized—for categorization, for ranking, for mea-

suring degrees of difference, or for approximating magnitudes
(Stevens, 1951). Listed in Table 1 are the basic operations, number
usage, permissible statistics, and example hedonic scales for vari-
ous scale types. In the nominal scale, which determines the iden-
tity of a measured property, the permissible transformation is
the substitution of identifiers with numbers (e.g., stimuli A, B,
and C, liked: “1” vs. stimuli D and E, disliked: “2”). The permissible
transformation for data from an ordinal scale, which is designed to
determine greater- or less-than relations between stimuli, consists
of any increasing monotonic function. Under these conditions, the
order, but not the degree of difference, will be preserved after such
transformations (e.g., stimulus A, liked the most: “1”, stimulus B,
liked the second most: “2”, and stimulus C, liked the least: “3”).
An interval scale, which is designed to determine the equality of
intervals (i.e., differences) between magnitudes, is invariant to
any linear transformation in which the slope and intercept are free
to vary. Thus, the interval scale has a variable unit size and an
arbitrary zero. A ratio scale, which is designed to determine the
equality of ratios among magnitudes, is invariant to linear transfor-
mations in which only the slope is free to vary and the intercept is
zero. Thus, the ratio scale has a variable unit size and an absolute
zero.

All of these scale types have been used in efforts to quantify
hedonic responses. To fully understand both the theoretical and
practical properties of such scales, the procedures used to con-
struct them must be critically evaluated in relation to the type of
data the scales are intended to yield.

2.2. Measurement theories and controversies

As noted above, the internal representation of sensory and
hedonic experiences cannot be measured directly and so must be
inferred from subjects’ responses by means of descriptive or
numerical data. The simplest conceptualization of sensory and
hedonic measurements, therefore, involves two main stages of
processing: sensory and cognitive. The general concept of a stimu-
lus-response model (see Fig. 1), which was initially proposed to
explain the discrepancy between the two psychophysical laws
suggested by Fechner (1860) and Stevens (1957), has its origin in

Table 1
Scaling methods (adapted from Stevens, 1951).
Scale Basic Number usage Permissible Example
operation statistics hedonic
scales
Nominal Categorization Used as labels Non-parametric:  1: good,
number of cases; 2: bad
Mode
Ordinal  Greater or less Used to Non-parametric: ~ Rank
recognize the median; rating
rank order percentiles
Interval  Differences Used to Parametric: Category
represent mean; standard  scale
degrees of deviation
differences
Ratio Ratios Used to Parametric: log LAM, LHS
represent Mean; Standard
relative deviation

proportions
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Fig. 1. A simple illustration of the stimulus-response model.

the work of Attneave (1962). Several other two-stage models, rep-
resented by two separate mathematical transformations — one for a
sensory function and another for a response function - have also
been proposed to explain the differences in psychophysical func-
tions that were obtained by various experimental operations
(e.g., category scaling vs. magnitude estimation) (Anderson,
1974; Birnbaum, 1982; Curtis, Attneave, & Harrington, 1968; Ek-
man, 1964; MacKay, 1963; Torgerson, 1961; Treisman & Williams,
1984; Ward, 1991). While the models of psychophysical judgment
did not necessarily agree with one another in terms of mathemat-
ical functions (see Birnbaum, 1980), they all advanced understand-
ing by pointing to the need to identify separate sources of the
errors and biases that are inherent to sensory and/or hedonic
measurement.

As illustrated in Fig. 1, the sensory input function comprises the
first stage of processing, which includes sensory transduction of
the stimulus via receptor processes (S1) and encoding to an inter-
nal representation (S2), including sensation quality, intensity and
hedonic values. There is considerable evidence that the input func-
tion is strongly influenced by, among other things, the sensory per-
ceptual context. The output stage includes evaluative and
decisional processes involved in making a decision as to the appro-
priate response (C1) and producing that response (C2: e.g., assign-
ing numbers, marking on a line). As shown in empirical studies
(Beck & Shaw, 1961; Curtis et al., 1968; Torgerson, 1961), the out-
put process can be modified by the response context, including the
scaling method used (e.g., category scale vs. magnitude estimation)
or by even the same scaling method with different instructions to
subjects (e.g., magnitude estimation of stimulus intensities vs. of
intensity differences). Thus, subjects map their internal represen-
tations onto the response continuum in different ways under dif-
ferent instructions, so that the same perceptual relation may be
given either a “difference interpretation” or a “ratio interpretation”
depending on whether interval or ratio judgments are requested
(Beck & Shaw, 1961; Curtis et al., 1968; Torgerson, 1961). While
there has been skepticism about whether human subjects can
make ratio judgments, the accumulated evidence (which will be
further discussed later) suggests that people are able to follow
instructions to produce appropriate responses, although inevitably
with some degree of error.

Indeed, any transformation, whether biological or cognitive,
contains sources of error and bias. Given the framework suggested
in Fig. 1, there are at least two points where some sorts of bias
could arise: one for the sensory process and another for the re-
sponse (cognitive) process. Historically, psychophysicists whose
interests reside in elucidating sensory and perceptual mechanisms
have emphasized the importance of avoiding response contexts
that may distort the response transformation function. Ideally,
for these purposes a scaling method should yield sensory or hedo-

nic measurements that have a linear relationship to the internal
representation of sensory event. Thus, they have tended to use
scaling methods that contain a true zero and can, in theory, provide
“absolute” data on perceptual magnitude. In the meantime, sen-
sory scientists, whose objective is to compare the sensory and he-
donic perception of products in the most objective and sensitive
ways possible (e.g., descriptive analysis, consumer tests), have
faced different challenges and found different solutions. Since the
latter group is not interested in sensory processes per se, they have
used scaling methods in more “relative” terms, focusing on the dif-
ferences between sensory or hedonic magnitudes rather than on
their absolute magnitudes.

These different viewpoints have created controversy over the
validity and sensitivity of the different approaches (e.g., Mellers,
1983a,b; Zwislocki, 1983a; Zwislocki & Goodman, 1980). However,
it is important to keep in mind that each scaling method is inti-
mately tied to the issue of how we deal with two different con-
texts: the sensory context and response context. As Gescheider
(1988) pointed out, the term “absolute”, as used by Zwislocki
and Goodman (1980) and Zwislocki (1983a) in describing magni-
tude estimation, does not mean that the scale cannot be biased
during the response process. They used the term in accordance
with Stevens’ (1951) definition of scale types in terms of permissi-
ble mathematical transformations of the response function
(Table 1). Arguing against Zwislocki, Mellers (1983a) emphasized
that all psychophysical judgments, including absolute-magnitude
estimates, are “relative” and occur in a (sensory) context. However,
the disagreement between Zwislocki and Mellers is the result of
two fundamentally different approaches to psychophysical scaling
that are based on different goals, and are not amiss. Hence, it is
important to understand how scaling methods differ from one an-
other both theoretically and practically, where the potential biases
may arise, and more importantly, what those biases means for sen-
sory and hedonic measurements.

2.3. Context effects

Without doubt, sensory and hedonic perception is contextual.
Hence, measurements of sensory or hedonic responses are inher-
ently subject to context effects, which involve both sensory and re-
sponse (cognitive) processes (Fig. 1). Context effects have been a
central topic of interest in the field of sensory measurement, and
a variety of effects on sensory and hedonic measurements have
been studied (e.g., Algom & Marks, 1990; Diamond & Lawless,
2001; Helson, 1948; Parducci, 1974; Poulton, 1979; Schifferstein,
1995; Teghtsoonian, 1973). For example, numerous studies have
reported changes in intensity and hedonic ratings and/or altera-
tions in exponents of psychophysical function based on various
experimental factors (e.g., number, spacing, and range of stimuli).
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Fig. 2. Size illusions. In both illusions the horizontal lines, A and B, are of equal
length.

These effects have sometimes been used as evidence against the
validity of certain scaling methods, and have usually been inter-
preted as reflecting biases in response process. In other words, con-
text effects have most often been considered as a distortion of the
subject’s response function rather than as an alteration in the
internal representation of the stimulus itself. However, data sug-
gest that context effects can be sensory in origin as well. That is,
what may be interpreted to be a response bias may result from a
change in the internal representation of the sensory input (See
Fig. 2) rather than from a change in the output function.

2.3.1. Effects of sensory context

Compared to research on response biases, there is a relatively
small number of studies that provide evidence that some common
context effects (e.g., stimulus range and contrast effects) might be
sensory in origin (Algom & Marks, 1990; Hulshoff Pol, Hijman,
Baare, & van Ree, 1998; Marks, 1992; Marks & Warner, 1991;
Ohzawa, Sclar, & Freeman, 1982; Parker, Murphy, & Schneider,
2002; Parker & Schneider, 1994; Schneider, Parker, & Moraglia,
1996). Schneider and Parker (1990) and Parker and Schneider
(1994) presented subjects with two pairs of tones differing in
intensity and had them select the pair with the larger loudness dif-
ference. The interesting finding in these two studies was that the
subjects’ judgments as to which pair had the larger loudness inter-
val depended on the range of tones from which the pairs were se-
lected. Because the subjects did not make numerical judgments,
the context effect (i.e., range effect) could not be attributed to a
numerical response bias. The authors instead speculated that sen-
sory context can change the nature of the sensory representation
through the operation of a gain-control mechanism. They sug-
gested the notion of a nonlinear amplifier whose gain and degree
of nonlinearity are adjusted under top-down control, so as to pre-
vent distortion and increase discriminability.

Recently, we have also found evidence that participation in a
taste detection task leads to higher ratings of the perceived inten-
sity of suprathreshold taste stimuli even when the threshold mea-
sures were several days before the intensity ratings (Green & Lim,
2009). Because exposure to threshold-level taste stimulation spe-
cifically intensified suprathreshold taste perception, but not imag-
ined taste sensations (e.g., the imagined bitterness of celery), the
results were interpreted as a change in sensitivity or gain of the
taste system rather than a response bias. It is unclear whether such
a mechanism exists for hedonic perception. Nevertheless, it is
important to keep in mind that context effects can be sensory or
perceptual in origin, and not solely attributable to response bias.
In fact, the best known and most classical visual illusions (Fig. 2)
provide compelling evidence that the perception of stimuli results
from an interaction between the properties of the sensory and per-
ceptual systems and the context in which the stimuli occur.

Some of the context effects discussed below might be consid-
ered sensory in origin: that is, perceptual biases causing a change
in internal representation. Those perceptual context effects can
never be avoided and in fact their detection may attest to the sen-
sitivity of the method being used rather than to a bias inherent to
it. Some other context effects might be considered as response
bias: that is, a shift or change in response to a constant percept
(internal representation). While all scaling methods should be sen-
sitive to context effects that affect sensory perception, some scales
are more prone to response biases than others, which will be dis-
cussed below.

2.3.2. Contrast effects

It has been shown that the perceived intensity of a stimulus is
rated as stronger in the context of weak stimuli and weaker in
the context of strong stimuli (Lawless, 1983; Lawless, Horne, &
Spiers, 2000; Mattes & Lawless, 1985; Rankin & Marks, 1991;
Schifferstein & Frijters, 1992). This contrast effect, which can be
considered to be either sensory or response-based in origin, occurs
in hedonic perception as well. As Fechner (1898) suggested in his
law of hedonic contrast, stimuli are liked less when they are sam-
pled with better-liked stimuli (i.e., negative hedonic contrast) and
are liked more when they are presented with less-liked stimuli
(i.e., positive hedonic contrast) (Kamenetzky, 1959; Schifferstein,
1995; Zellner, Allen, Henley, & Parker, 2006).

Helson (1947, 1948) explained contrast effects in terms of adap-
tation level theory. Interestingly, the adaptation level effect does
not refer to adaptation at the level of sensory processing (Stevens,
1975). Instead, the theory predicts that the average level of stimu-
lation from the prior stimuli influences the following judgments at
a behavioral level, such that exposure to strong stimuli results in
subsequent underestimation of a test stimulus, while exposure to
weak stimuli results in subsequent overestimation of the stimulus.
Fundamental to the theory is that extreme stimuli change our
“frame of reference” (i.e., range of stimulation) and thus the way
it is mapped onto a response scale. In other words, because some
scales (e.g., the 9-point hedonic scale) often do not specify a frame
of reference (e.g., the context of foods in general vs. a specific food
category), subjects have to gauge the context based on prior stim-
uli, which shifts the scale value for the next stimulus.

Zellner and colleagues (Zellner, Kern, & Parker, 2002; Zellner,
Rohm, Bassetti, & Parker, 2003) recently demonstrated how sub-
categorization of stimuli reduces hedonic contrast by altering the
frame of reference. In their experiments, subjects were instructed
to consider the context of test stimuli either to be in the same cat-
egory or in different categories. The contrast effect was attenuated
for subjects who were instructed to view the context and test stim-
uli as being in different categories. For instance, dilute fruit juices
that were followed by full-strength fruit juices were rated as less
liked when subjects were told that all of the stimuli were fruit
juices compared to when they were told that the dilute fruit juices
were “commercial drinks” and the full-strength juices were “fruit
juices”. Thus, they have demonstrated that the size of the contrast
effect can be manipulated by adjusting the frame of reference (i.e.,
by changing the assortment of stimuli subjects are asked to catego-
rize). When the frame of reference is narrower (e.g., fruit juices in-
stead of juice drinks), subjects tend to stretch the response scale
and consequently the contrast effect seems greater. Such effects
are prone to scales which do not provide explicit frames of refer-
ence. In another words, this artifact can be best avoided by using
all-inclusive end anchors (see Section 3.3.2 below).

2.3.3. Range and frequency effects

Another prominent theory of relative judgments is that of
Parducci (1965, 1974), which describes how category ratings are
determined by the frequency distribution of the stimuli in a set.
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Fig. 3. Mean ratings of the sizes of squares in three stimulus sets, each having
different ranges, rated on a 6-point category scale (produced from Parducci &
Perrett, 1971, Table 1).

In his range-frequency theory, two principles, the range principle
and the frequency principle, govern subjects’ judgments on cate-
gory scales. The range principle says that subjects tend to subdi-
vide the available stimulus range into equal perceptual segments
and assign sub-ranges to the available scale categories. For exam-
ple, subjects who are given a 9-point category scale will divide the
full range of stimuli into the nine approximately equal parts and
use the ratings to identify those sub-ranges. Thus, a particular
stimulus will be judged differently depending upon the range of
stimuli in the set within which it is presented (Parducci, 1974; Par-
ducci & Perrett, 1971). The data in Fig. 3 show a classical example
of this effect (Parducci & Perrett, 1971), which is conceptually the
same as the stimulus and response equalizing bias of Poulton
(1979). In this example, three groups of subjects rated the size of
squares on a 6-point category scale. Each group rated one of the
three sets of squares composed of the same stimulus values, each
with different stimulus ranges. The subjects used all or most of
the available scale range, distributing the stimuli across the avail-
able responses as if the end of the category scale was stretchable to
fit the end point of the stimulus range. Consequently, the psycho-
physical functions varied depending on the range of stimuli pre-
sented, such that the slope was steeper for the narrow range and
flatter for the wide range. Teghtsoonian (1973), meanwhile, found
the stimulus range to have little influence on magnitude estima-
tion of apparent distance, apparent length, and loudness. This
range effect is thus built more into the category scaling procedure,
in which subjects are asked to place stimuli in a given number of
categories.

The frequency principle holds that subjects have a tendency to
use different parts of the scale equally often. In practice, this prin-
ciple causes stimuli that are presented more frequently at a given
sub-range to be spread out into neighboring categories. As seen in
Fig. 4, the top and bottom curves show data generated from an
experiment where the stimuli were spaced closer together towards
either the lower end or the higher end of the stimulus range tested,
respectively. As expected, the judgment curve was steepest at the
top end of the stimulus range.

The results for hedonic measurement have been consistent with
the relational nature of judgments in category scaling upon which
the range-frequency model is based (Riskey, 1982; Riskey,
Parducci, & Beauchamp, 1979). In the experiment by Riskey et al.
(1979), subjects rated sweetness and pleasantness of soft drinks
containing different concentrations of sucrose using 9-point cate-
gory scales. The results clearly demonstrated the apparent fre-
quency effect for both sweetness and liking: the same drinks
were rated sweeter when the lower concentrations were presented
more frequently and less sweet when the higher concentrations
were presented more frequently, and the concentration producing
peak pleasantness ratings (i.e., the breakpoint at the inverted

b - ' -

Category Rating
S S S B

>
>
-
>
>
—
-

Stimulus Intensity

Fig. 4. Category ratings for two different stimulus spacing (regraphed from
Galanter, 1966). Stimulus spacing indicated by arrows on the upper and the lower
abscissa correspond to solid and dashed lines, respectively.

U-shape psychohedonic function) was lower when the lower con-
centrations were presented more frequently.

In direct relation to the range-frequency theory, an important
issue to consider is that the magnitude of the stimulus range and
frequency effects are dramatically affected by both the number
of categories a scale has and by the number of stimuli presented.
Parducci (1982) and Parducci and Wedell (1986) demonstrated
that the frequency effect is smaller when larger numbers of catego-
ries are employed. Conversely, the larger the number of stimuli
presented the greater the frequency effects are (Parducci & Wedell,
1986).

Taken together, the range-frequency theory predicts that
subjects compromise between these two tendencies so that
their actual patterns of ratings reflect neither principle entirely,
but fall between the predictions made by either principle alone.
In addition, according to Parducci (1974) the range and fre-
quency effects result from the subjects’ tendency to distribute
responses uniformly over the response continuum. Thus, such
effects do not originate from sensory context, but from changes
in the response function where the internal representation of
sensations are converted to overt responses (Mellers & Birn-
baum, 1982).

2.3.4. Other context effects

In addition to the range and frequency effects, other context ef-
fects related to category scaling appear to act by altering the re-
sponse function. These include end effects, centering biases, and
stimulus-spacing biases. It has been reported that when close-
ended scales such as category and line scales are employed, the
end points of the scales are used less frequently than other parts
of the scale (i.e., end effects) (Anderson, 1974; Eriksen & Hake,
1957; Moskowitz, 1982; Schifferstein & Frijters, 1992; Stevens &
Galanter, 1957; Yao et al., 2003; Yeh et al., 1998). Because subjects
must consider the possibility that a better or worse (or stronger or
weaker) stimulus may be presented later in the test, they are often
reluctant to use the end points. Thus, a 9-point scale may effec-
tively become a 7-point scale. 0’'Mahony (1982) explains this ten-
dency in terms of psychological distances between categories:
even though the intervals on category scales are intended to be
equal, the psychological distance in traveling from the penultimate
to the end category is greater than that for traveling between two
categories in the center of the scale. This end effect may be espe-
cially important for results obtained with category hedonic scales,
where only about half of the categories are allocated for each va-
lence (e.g., four categories for each positive and negative valence
in the 9-point hedonic scale).
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The centering bias (Poulton, 1979) is a tendency for subjects to
adjust the range of responses to the range of stimuli presented,
causing the mean response to be centered in the middle of the re-
sponse scale, regardless of its value. In the stimulus spacing bias,
the subject responds as if the stimuli were subjectively equally
spaced regardless of their actual perceptual spacing. Poulton
(1979) points out that the centering bias and the stimulus-spacing
bias form the basis for Parducci’s range-frequency model (Parducci,
1965; Parducci & Perrett, 1971), which is an extension of Helson’s
(1948) original adaptation-level model. Even though those two
biases are not commonly discussed, they may play a critical role
in situations where there is a need for interpolating values (e.g.,
finding the optimum stimulus concentration) from a psychophysi-
cal or psychohedonic function. Further, such an effect may cause
serious issues in comparing the magnitude of hedonic responses
to stimuli across a group of subjects.

2.3.5. Dealing with context effect

Given the ubiquitous nature of context effects, it is necessary to
be aware of their origin and causes so they may be taken into ac-
count or controlled when they influence the sensory input func-
tion, or may be minimized when they influence the response
output function. The latter involves selecting a suitable scaling
method that is less prone to context effects. There are a few prac-
tical approaches commonly used to handle context effects in gen-
eral (for review, see Lawless & Heymann, 1998). The first is the use
of different random or counterbalanced stimulus orders to mini-
mize context effects which originate from the sensory input pro-
cess. Immediate contrast effects between any two stimuli and
simple order effects can be canceled out across subjects by using
a sufficient number of orders, even though such a practice may
not undo the broader effects of context for a given experiment,
nor prevent scale-originated effects.

There are common approaches to reducing context effects re-
lated to the response function. The first is to calibrate subjects so
that their frame of reference for the scale is internalized through
instructions and a training process. While the “calibration” often
refers to the intensive panel training associated with descriptive
analysis with standard references, the central idea is to establish
a constant frame of references for subjects so that ratings can be
made in the same context across the subjects. As will be discussed
more in the next section (see Section 3.3), some scales intend to
provide a built-in frame of reference by using specific end-anchors.
In cases where a scale itself does not offer a specific frame of refer-
ence, the rating scale is arbitrary and thus using a relative strategy
is expected. For such cases, pre-exposure to the range of test stim-
uli has been recommended in order to establish a stable context
during the scaling task (Diamond & Lawless, 2001). The second ap-
proach is stabilizing the experimental context across sessions con-
taining stimuli that will be compared. It is often tempting to
compare ratings given to a stimulus in different settings or from
different experimental sessions. However, unless the context was
the same in both experimental sessions, it is impossible to say
whether differences between ratings arose from true sensation/he-
donic differences or from contextual differences. Common prac-
tices include presenting warm-up or practice stimuli, or adding a
“throw-away” stimulus. Lastly, most of the response-related con-
text effects (e.g., range and frequency effects) are harder to deal
with or even unavoidable (Poulton, 1979). In such cases, the best
practice is to be aware of the potential response biases and to make
proper inferences from the findings. For example, when subjects
and consumers are given a category scale without training with
the scale (or standard materials), they will use a relative strategy
in a given experimental context. Accordingly, several scale-ori-
ented response biases (e.g., end effects, centering bias) are ex-
pected. It is, therefore, inappropriate to make a statement about

degree of liking/disliking from data obtained from such scale, while
it is appropriate to make relative comparisons among stimuli.

3. Hedonic scaling

Over the last half century a number of scales have been devel-
oped and utilized to measure hedonic responses in both basic psy-
chophysical and applied research. Some of the hedonic scaling
methods will be discussed below together with each scale’s utili-
ties, properties, advantages, and disadvantages, as well as the his-
tory of its development.

3.1. The 9-point hedonic scale

3.1.1. History of development

Since its development, the 9-point hedonic scale (Peryam &
Girardot, 1952; Peryam & Pilgrim, 1957) has been the most com-
monly used scale for testing consumer preference and acceptabil-
ity of foods. Development of the scale, which began in 1947 at
the Quartermaster Food and Container Institute for the Armed
Forces, was motivated by the need for a rating scale that could
overcome the limitations of the cumbersome method of paired
comparisons (Peryam, 1950; Peryam & Pilgrim, 1957). The devel-
opers applied the graphic rating scale (Freyd, 1923; Guilford,
1936; Likert, 1932), which experimental psychologists had long
used to measure various psychological phenomena, to measure
the “hedonic value” (Peryam, 1950) of foods. In 1949, further pre-
liminary work, in which scale lengths and wording were compared,
was conducted and the present form of the scale (see Fig. 5) was
selected based on its reliability and discriminability (Peryam &
Pilgrim, 1957). The scale was introduced in 1952 (Peryam &
Girardot, 1952) and it quickly became the method of choice by
industry, government and academic researchers. However, the
scale “was, perhaps, too immediately successful” and its success
prevented further refinement of the scale, which the original
developers had intended (Peryam & Pilgrim, 1957). In fact, in
1951 the Psychometric Laboratory at the University of Chicago
was invited to evaluate the semantic meanings of hedonic phrases
(Jones, Peryam, & Thurstone, 1955). The results suggested the psy-
chological distances between the semantic labels on the 9-point
hedonic scale were not equal (Jones et al., 1955; Jones & Thurstone,
1955), which was further confirmed later (Moskowitz, 1977, 1980;
Moskowitz & Sidel, 1971). Unfortunately, those results were not
utilized to refine the 9-point hedonic scale. Instead, the original
form of the scale has been used since its development.

3.1.2. Properties

The 9-point hedonic scale is a balanced bipolar scale around
neutral at the center with four positive and four negative catego-
ries on each side. The categories are labeled with phrases repre-
senting various degrees of affect and those labels are arranged
successively to suggest a single continuum of likes and dislikes
(Peryam & Pilgrim, 1957). The descriptors are intended to help
not only subjects to respond accordingly but also to help experi-
menters interpret the mean value of responses in terms of degree
of liking/disliking. One of the concerns about the scale during its
development was whether its presentation format, i.e., long vs.
short lines, vertical vs. horizontal orientation, or beginning with
like vs. dislike, had effects on subjects’ responses. It has been re-
ported that such structural variations have no critical effect on
the results (Peryam & Pilgrim, 1957). In terms of mathematical
properties, the 9-point hedonic scale yields, in theory, ordinal data,
since it is a category scale (i.e., ratings are limited to nine catego-
ries) with the labels that are spaced unequally in terms of psycho-
logical distances (Lim et al., 2009; Moskowitz, 1977, 1980; Peryam
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(a) FOOD ITEM LIKE INDIFFERENT DISLIKE
Not Cream Like Like Like Neither Like Dislike Dislike Dislike Dislike
Tried Gravy Extremely | Very Much | Moderately Slightly Nor Dislike Slightly Moderately | Very Much Extremely
Not Bread Like Like Like Neither Like Dislike Dislike Dislike Dislike
Tried Pudding Extremely | Very Much | Moderately Slightly Nor Dislike Slightly Moderately | Very Much Extremely
Not Ghi Like Like Like Neither Like Dislike Dislike Dislike Dislike
Tried g Extremely | Very Much | Moderately Slightly Nor Dislike Slightly Moderately | Very Much Extremely
Not Fre-nch Like Like Like Neither Like Dislike Dislike Dislike Dislike
N Fried . L .
Tried Drions Extremely | Very Much | Moderately Slightly Nor Dislike Slightly Moderately | Very Much Extremely
Not Lettuce Like Like Like Neither Like Dislike Dislike Dislike Dislike
Tried Wedges Extremely | Very Much | Moderately Slightly Nor Dislike Slightly Moderately | Very Much Extremely

(b) Overall, how much do you like or dislike this juice sample?

Sample 351

Joooototo

Like slightly

Like extremely
Like very much

Like moderately

Neither like nor dislike
Dislike slightly

Dislike moderately
Dislike very much

Dislike extremely

Fig. 5. Examples of the 9-point hedonic scale: (a) Questionnaire designed for studying soldier’s preferences in the field (Peryam & Girardot, 1952); and (b) a sample ballot for

a common consumer test used in a laboratory setting.

& Pilgrim, 1957). However, scale responses are, in practice, treated
as points on a continuum instead of categorical and discrete data,
so that the user can employ parametrical statistics such as analysis
of variance, which are more sensitive than non-parametric coun-
ter-parts (Peryam & Pilgrim, 1957).

3.1.3. Advantages

The primary reason for the wide acceptance of the 9-point he-
donic scale is that, compared to other scaling methods (e.g., mag-
nitude estimation), its categorical nature and limited choices
make it easy for both study participants and researchers to use.
Its simplicity further makes the 9-point hedonic scale suitable for
use by a wide range of populations without an extensive training.
[Note: see Lawless & Heymann, 1998 for a review of hedonic
measurements for children.] For researchers, data handling of the
9-point hedonic scale is also easier than other techniques which
require measuring lines or recording magnitude estimates that
may include fractions, although this practical matter is of dimin-
ishing importance given the development of computerized pro-
grams. More importantly, it has been shown that simple category
scales are as sensitive as other scaling techniques (e.g., line mark-
ing and magnitude estimation) in terms of discrimination power
(Lawless & Malone, 19864a,b). Therefore, when the primary concern
of a study is measuring hedonic differences among foods, bever-
ages, and consumer products and predicting their acceptance, the
9-point hedonic scale has proven itself to be a simple and effective
measuring device.

3.1.4. Limitations

Despite its wide use in the field of sensory science, various lim-
itations of the 9-point hedonic scale have been reported. First, as
noted above, due to its inequality of scale intervals and the lack

of a zero point (Moskowitz & Sidel, 1971; Peryam & Pilgrim,
1957), the scale can yield only ordinal- or, at best, interval data
(i.e., ordered metric). Thus the scale cannot provide information
about ratios of liking/disliking for stimuli (Moskowitz & Sidel,
1971; Schutz & Cardello, 2001) nor provide meaningful compari-
sons of hedonic perception between individuals and groups (Lim
et al., 2009). Nevertheless, this does not pose problem for measur-
ing relative (ordinal) preferences among stimuli, which was its in-
tended purpose. Second, due to its limited number of response
categories, the 9-point hedonic scale offers little freedom for sub-
jects to express the full range of their hedonic experiences (Marchi-
sano et al., 2003; Villanueva & Da Silva, 2009; Villegas-Ruiz,
Angulo, & O’'Mahony, 2008). Third, because of both its small num-
ber of available categories and the general tendency of subjects to
avoid using extreme categories (Hollingworth, 1910; Moskowitz,
1982; O’'Mahony, 1982), the scale is highly vulnerable to ceiling ef-
fects (Schutz & Cardello, 2001; Stevens & Galanter, 1957), one of
the context effects that was described above (Section 2.3.4). The
avoidance of the end categories effectively reduces the 9-point
scale to a 7-point scale (Moskowitz, 1982; Moskowitz & Sidel,
1971) and limits its ability to discriminate among very well liked
or very disliked stimuli (Lim & Fujimaru, 2010; Schutz & Cardello,
2001; Villanueva & Da Silva, 2009). Lastly, from a statistical stand-
point, because the data it yields are categorical and discrete with-
out a true zero point, the type of statistical analyses that can be
applied with confidence is limited, i.e., nonparametric statistics.
However, it is common practice for researchers to use more pow-
erful parametric statistics, such as analysis of variance, to analyze
data collected with the scale, although it is mathematically inap-
propriate to do so. In addition, as recognized in one of the original
publications of the scale (Peryam & Pilgrim, 1957), some of the
assumptions for parametric analyses (e.g., normality, homogeneity
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of variance) are often violated (Gay & Mead, 1992; Giovanni &
Pangborn, 1983; O’'Mahony, 1982; Villanueva, Petenate, & Da Silva,
2000), particularly the data for extremely liked or disliked stimuli
(Lim & Fujimaruy, 2010; Lim et al., 2009). Accordingly, a large sam-
ple size, commonly over 75 responses per stimulus, is necessary to
approximate normality in order to make valid statistical
inferences.

3.2. Magnitude estimation

3.2.1. History of development

Stevens (1956, 1957) revolutionized the measurement of sen-
sory magnitudes in the 1950s by promoting and developing ratio
scaling methods. The most widely used of these methods is magni-
tude estimation (ME), which was originally called the method of
absolute judgment. In its simplest form, subjects are asked to as-
sign numbers to sensations that reflect the ratios of their perceived
intensities. For example, a sensation twice as intense as another
should be assigned a number twice as large. In the earliest study,
Stevens instructed naive subjects to assign numbers to the bright-
ness of lights and to the loudness of sounds at different radiant and
acoustic energy levels, respectively (Stevens, 1953). The results
showed that: (1) remarkably similar functions emerged from the
brightness measurement and the loudness measurement; (2) the
functions approximated a power function of the stimulus energy
[R=k-I" or logR = logk + N logI (where R = the magnitude esti-
mate of perceived intensity, k = a constant, I = radiant or acoustic
energy level, N = the exponent)]; and (3) the data appeared to pos-
sess ratio properties. Stevens further conducted a variety of valida-
tion experiments that supported the idea that ME yields ratio level
data (Stevens, 1955, 1956, 1957, 1974).

Magnitude estimation was applied to hedonic measurement
first by Engen and McBurney (1964). These authors, who evaluated
the pleasantness of a wide range of odors, using both ME and a
9-point category scale, found that the hedonic range of odors far
exceeded the range of perceived odor intensities (i.e., 125/1 for
hedonics vs. 2-3/1 for intensity). The early 1970s saw increasing
use of ME for assessing likes and dislikes, first for model systems
(Henion, 1971; Moskowitz, 1971), and later for actual foods
(Moskowitz, Kluter, Westerling, & Jacobs, 1974; Moskowitz & Sidel,
1971). In fact, the latter studies compared performance of ME
against the 9-point hedonic scale and showed that ME was as
sensitive, if not more sensitive, than category scaling in terms of
finding stimulus differences. In these early studies the subject as-
signed numbers on a unipolar scale, thus a magnitude estimate
of 0 represented “no liking at all” or “unpleasant”.

Bipolar hedonic magnitude estimation was first used by Mosko-
witz, Dravnieks, & Klarman (1976) in a study of the intensity and
pleasantness of odors. In this method, positive and negative num-
bers are used to signify ratios or proportions of liking/disliking.
Moskowitz went on to use this method in a study designed to opti-
mize the acceptability of cola flavored beverages sweetened with
artificial sweeteners (Moskowitz, Wolfe, & Beck, 1978). In the
1980s, ME became more popular as a method for measuring hedo-
nic responses to foods, beverages and consumer products (e.g.,
Giovanni & Pangborn, 1983; McDaniel & Sawyer, 1981; Vickers,
1983; Warren, 1981). However, the method failed to overtake
the 9-point hedonic scale, largely because of limitations such as
the lack of semantic information and, more importantly, the diffi-
cult numerical nature of the task, particularly when applied in
studies using untrained consumers.

3.2.2. Properties

Unlike any other psychophysical rating scales, the method of
magnitude estimation does not depend on visual or semantic aids.
Instead, the method asks subjects to assign numbers to sensory

stimuli, without restriction, so that the ratios of the numerical
assignments reflect ratios of sensory perceptions or of hedonic
magnitudes. Just like other hedonic scales, the most commonly
used form of hedonic ME (Moskowitz, 1982) is a bipolar scale
which comprises positive numbers for likes, negative numbers
for dislikes, and an intermediate value of 0, reflecting a neutral
point. Numbers on opposite sides away from the center show
increasing levels of likes or dislikes. Magnitude estimates on the
same side of the scale can be easily interpreted in terms of direct
ratio comparisons. For example, a +100 and a +25 mean that one
is liked four times more than the other. Numbers on opposite sides
cannot be as easily compared. However, for practical purposes,
researchers often treat the positive and negative sides of the scale
as equal and opposite, in which case a +100 and a —100 are equal
and algebraically opposite (Moskowitz, 1977).

3.2.3. Validity of magnitude estimation

While ratio properties of ME are highly desirable, there has
been substantial controversy concerning its validity (e.g.,
Anderson, 1982; Attneave, 1962; Birnbaum, 1980; MacKay, 1963;
Treisman, 1964). At the heart of the controversy is the question
of whether the psychophysical law achieved by ME reflects the
relationship between stimulus intensity and sensory/hedonic mag-
nitude or merely describes the relationship between stimulus
intensity and the judgment of sensory/hedonic magnitude. In other
words, researchers have questioned whether numerical judgments
are directly proportional to sensory/hedonic magnitude [i.e., a po-
tential nonlinearity of the response transformation function (C2,
Fig. 1)]. While there is no objective way to prove linearity of the
transformation function, work on sensation magnitude matching
and additivity of measurements indicates that, at least for data
averaged over several subjects, the response transformation func-
tion is linear. First, cross-modality and within-modality matches,
in which subjects adjust the intensities of stimuli from different
modalities or of qualitatively different stimuli (e.g., different fre-
quencies of sound) to match their sensation magnitudes, have suc-
cessfully predicted data from ME (Daning, 1983; Gescheider &
Joelson, 1983; Hellman, 1976; Hellman & Zwislocki, 1964; Marks,
1966; Verrillo, Fraioli, & Smith, 1969). Moreover, several experi-
ments have supported the hypothesis that magnitude estimates
are additive measures of sensation magnitude (Cain, 1976;
Dawson, 1971; Hellman & Zwislocki, 1963, 1964; Marks, 1978,
1979; Marks & Bartoshuk, 1979; Zwislocki, 1983b). In these cases,
the average magnitude estimate of two stimuli presented together
was found to be equal to the sum of the average magnitude esti-
mates of the stimuli presented alone. In addition, the fact that
the quantitative relationships among perceived intensities and he-
donic magnitudes of the same stimuli measured by ME were virtu-
ally identical to those obtained by category-ratio scaling (see
below) (Green et al., 1993; Lim et al., 2009) further adds credence
to both scaling techniques. In fact, the minimal requirement for the
validity of a psychophysical scale is that two stimuli that have the
same scale values should be judged to be subjectively equal; in
these studies the ratios of subjective magnitude were also equal.
While validity of ME remains to be controversial, above listed evi-
dence is quite notable.

A very much related yet more practical controversy regarding
ME is whether subjects can accurately estimate sensation ratios.
Specifically, the tendency for subjects to use round numbers, such
as 5, 10, 20, 100, etc., has been used as evidence that ME is not va-
lid. While the “round number” bias (Giovanni & Pangborn, 1983;
O’Mahony & Heintz, 1981; Stevens, 1975) certainly occurs, espe-
cially with subjects who are less trained on the task, it is not proof
that ratios cannot be estimated. Such a bias can be viewed instead
as reducing the resolution of ratio ratings. Accordingly, various
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experimental procedures (Moskowitz, 1977; Stevens, 1975) have
been suggested to reduce the effects of this bias.

3.2.4. Advantages

Magnitude estimation provides some key strength over cate-
gory or line-marking scales. The primary advantage is that infer-
ences can be made about the differences in liking/disliking
among stimuli or sensations in terms of ratios. That is, ME better
illustrates the relationship between changes in physical intensity
and overall liking/disliking than does the traditional fixed point
category scale. This can be a very useful tool in both basic research
as well as sensory evaluation of foods. For example, hedonic mag-
nitudes can be measured for different groups of individuals (e.g.,
with or without taste or olfactory disorders) and the comparisons
can be used to understand normal vs. pathological sensory sys-
tems. Likewise, product comparisons can be made while other
market variables are considered (e.g., using a premium ingredient
costs 10% more than a regular ingredient, but will result in a 20%
increase in consumer liking). In addition, ME reveals differences
between stimuli just as well, and in some instances better than cat-
egory scaling (Lawless & Malone, 1986b; McDaniel & Sawyer,
1981; Moskowitz & Sidel, 1971; Pearce, Korth, & Warren, 1986;
Shand, Hawrysh, Hardin, & Jeremiah, 1985; Vickers, 1983), espe-
cially when large number of stimuli or a few very well liked stimuli
are being tested in one experiment.

3.2.5. Limitations

Of course ME also has several important limitations. First, since
all judgments are made relative to one another and subjects can
choose their own numbers, there is no provision for anchoring
the judgments of individual subjects to a common ruler, i.e., there
is no certainty that a rating of ‘9’ means the same to all subjects
(but see Zwislocki & Goodman, 1980). Therefore, direct compari-
sons of rated values between subjects are meaningless. Second,
the absence of semantic information (e.g., “like very much”) pre-
vents researchers from translating ratio differences into useful
comparisons of differences in product perception of liking. Most
importantly, as mentioned above the numerical nature of the task,
which involves using numbers to estimate ratios, can be very diffi-
cult for naive subjects. This means that the quality of the data ob-
tained with ME often depends on the level of experience or training
with the method that subjects have. For example, some loss of sen-
sitivity was found in using ME with untrained heterogeneous sam-
ples of consumers, while this was not the case with untrained
college students (Lawless & Malone, 1986a,b). Finally, the com-
plexity of analyzing the data can be another hurdle: it requires nor-
malization and standardization even before starting statistical
analyses (see Moskowitz, 1977). Magnitude estimation is therefore
more cumbersome to use than other scaling methods and requires
detailed instructions and practice that is not possible to provide in
some experimental situations, especially those involving consum-
ers. For these reasons, ME has never been widely adopted in ap-
plied sensory research.

3.3. Category-ratio scales

3.3.1. The origin of category-ratio scales

While the debate about the validity and the superiority of cate-
gory vs. ratio scaling continued, Borg (1982) proposed a new type
of rating scale, called a ‘category-ratio’ scale, which as its name im-
plies adopted positive features from both scaling methods. Simply
put, a category-ratio scale is a line scale that has verbal descriptors
of magnitude placed at selected positions along the line in such a
way that it yields ratio-level data. Borg (1982) reasoned that
“...category methods... are very popular for practical use...”
although “. . .they offer no possibilities of direct ratio comparisons

of perceptual intensities.” He went on to explain that “...the ratio
methods seem to give a better representation of the relative per-
ceptual variation than other scaling methods, where direct inten-
sity estimates can be obtained.” However, “...the ratio methods
only give relative intensities and no subjective ‘levels’ for immedi-
ate inter-individual or inter-modal comparisons...” “With cate-
gory judgments, on the other hand, the intensities may be judged
and evaluated in a more ‘absolute’ sense, i.e., direct ‘level esti-
mates’ may be made from the intensities, whether they are ‘strong’
or ‘weak’, according to the life-long experience of the individuals or
fundamental psychophysiological responses” (p. 25-26).

Several important observations and assumptions underlie the
development of the category-ratio scale: The first is the acceptance
of the view (Stevens, 1957) that the method of magnitude estima-
tion yields ratio-level data. Borg (1982) acknowledged that magni-
tude estimates of sucrose and citric acid made by two patients who
underwent inner ear surgery were highly correlated with their
neural responses (Borg, Diamant, Strom, & Zotterman, 1967) and
used this evidence as a validation of the ratio scaling method.
The second is the assumption that the perceptual range is the same
for all individuals (Borg, 1961) and all modalities (Borg, 1994;
Teghtsoonian, 1971, 1973), although the physical range of the
stimulus may vary considerably (i.e., range theory; Borg, 1961,
1970, 1971). For example, he believed that individuals experience
the same degree of subjective exertion when they perform dy-
namic work at their respective maxima, although different people
may need different physical workloads to achieve this maximum. If
this is so, then all individuals are “calibrated” to the same maximal
exertion. The third consideration is the empirical evidence (Borg &
Hosman, 1970; Borg & Lindblad, 1976; Hosman & Borg, 1970) that
adjectives and adverbs, which possess psychological magnitudes,
can be used to define the ‘level’ of certain perceptual intensities,
and that semantic meanings can be experimentally determined
on a ‘ratio level'.

Based on this foundation, Borg (1982) derived a category-ratio
scaling by using the linear relation between (1) a commonly used
category scale for ratings of perceived exertion (i.e., RPE scale) vs. the
physical work load, and (2) magnitude estimates of perceived exer-
tion vs. the work load. Unfortunately, early tests of the scale with
sensations other than physical exertion (e.g., taste) produced
somewhat disappointing results, which led to modification in the
locations of the semantic descriptors (Borg, 1982). The modified
version of the scale comprises nine descriptors, from “no sensa-
tion” to “maximum sensation”, which are roughly linearly spaced
along a logarithmic numerical scale. Using the scale, Borg and his
colleagues compared psychophysical functions for exertion, taste
and loudness with functions obtained with magnitude estimation.
The results showed that agreement between the methods was
great for perceived exertion but not as good for the other modali-
ties, even after the adjustments of label locations had been made in
various ways (Borg, 1982, 1990; Borg & Borg, 1987; Borg,
Ljunggren, & Marks, 1985; Marks, Borg, & Ljunggren, 1983).

The questionable performance of the category-ratio scales for
modalities other than exertion motivated Green et al. (1993) to de-
velop another category-ratio scale to measure the perceived inten-
sities of oral sensations. Instead of relying on the assumption that
the perceptual range is the same for all sensory modalities, Green
and his colleagues constructed a scale using ratings of the per-
ceived magnitudes of semantic descriptors obtained within the
context of the modalities of interest, which were somesthesis
and gustation. The scale was thus constructed by asking subjects
to estimate intensity magnitudes of verbal descriptors (e.g., ‘wealk’,
‘strong’) that were presented along with examples of a variety of
common oral sensations including oral pain. The resulting scale,
which was called the oral labeled magnitude scale (LMS), is
bounded by ‘no sensation’ at the bottom and ‘strongest imaginable
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oral sensation of any kind’ at the top, with five more descriptors
spaced in quasi-logarithmic manner. In the same study, the LMS
was also evaluated to determine whether it could produce inten-
sity data comparable to the method of magnitude estimation for
a variety of oral sensations (i.e., taste, chemesthesis, and tempera-
ture). The psychophysical functions generated by the two methods
were statistically indistinguishable, indicating that the LMS yielded
ratio-level data comparable to that produced by ME on the inten-
sity of diverse oral sensations when the sensations were experi-
enced and evaluated within a common perceptual context. Green
et al. (1996) subsequently established that the LMS also produced
data equivalent to magnitude estimation for odors as well as for
tastes, as long as subjects made their ratings in the context of all
possible tastes and smells, including painful ‘tastes’ (e.g., chili pep-
per) and ‘odors’ (e.g., ammonia). This finding led to the conclusion
that the LMS could be used for any perceptual continua on which
the strongest imaginable sensations were painful.

In later years, Bartoshuk and colleagues (Bartoshuk, 2000;
Bartoshuk et al., 2002; Bartoshuk, Duffy, Green et al., 2004) argued
that the top of the LMS (i.e., strongest imaginable oral sensation of
any kind) differs across individuals due to the differences in tongue
anatomy, and thus that anchoring the top of the scale with a do-
main which is being tested (i.e., taste in this case) could produce
a ceiling effect for those who have high sensitivities in that domain.
They further argued that, unlike Borg and Teghtsoonian assumed in
earlier years, intensity maxima are not the same across modalities
[e.g., maximum sweetness vs. pain, as noted by Green et al.
(1993)]. Based on this argument and empirical data (Bartoshuk
et al., 2002), the top anchor of the LMS was replaced with ‘stron-
gest imaginable sensation of any kind’, and the scale was referred
as the general version of the LMS, or gLMS.

3.3.2. Extension of category-ratio scales to hedonic measurements

In recognition of its positive features (see Section 3.3.3.), many
researchers have recently adapted category-ratio scaling for mea-
surement of hedonic responses. The first was the labeled affective
magnitude (LAM) scale for assessing food liking/disliking (Schutz &
Cardello, 2001), which was derived specifically for hedonic experi-
ences associated with foods. Following a generally similar psycho-
physical procedure used to create the LMS, the authors asked a
group of subjects to rate 44 semantic labels for their affective
meaning in the context of foods using modulus-free magnitude
estimation. Based on the results of multiple studies in which they
assessed the effects of alternative semantic and numeric labels on
the sensitivity and reliability of a potential scale, the LAM scale was
derived with verbal labels that are consistent with the 9-point he-
donic scale, with two additional anchors: ‘greatest imaginable like’
and ‘greatest imaginable dislike’ (see Fig. 6). About the same time,
the need for a scaling method which could quantify individual and
group differences in hedonic responses led some other researchers
to adapt the gLMS to a bipolar hedonic scale using the same
adjectives and spacing (Bartoshuk, Duffy, Chapo et al., 2004). Based
on the assumption that hedonic magnitude and perceived intensity
have a similar scalar structure, the bipolar gLMS was constructed
with ‘neutral’ at its center-point and with positive and negative
ratings on each side (see Fig. 7). A third hedonic category-ratio
scale is the ‘Oral Pleasantness and Unpleasantness Scale’ (OPUS)
(Guest, Essick, Patel, Prajapati, & McGlone, 2007). These authors’
rationale for developing the OPUS was that some of the adjectives
used to describe perceived intensity on the gLMS are inappropriate
for pleasantness/unpleasantness ratings, and that spacing among
descriptors might be different for specific sensations, such as oral
pleasantness, wetness, roughness, etc. Thus, similar to the LAM
scale, they used basically the same approach that was used to de-
velop the LMS, but within a narrow semantic context of oral sensa-
tions, with painful sensations purposely avoided. Interestingly, this

LAM

— Greatest imaginable like

— Like extremely

— Like very much

— Like moderately

— Like slightly
— Neither like nor dislike
— Dislike slightly

— Dislike moderately

— Dislike very much

— Dislike extremely

| Greatest imaginable dislike

Fig. 6. The labeled affective magnitude (LAM) scale (Schutz & Cardello, 2001).

strategy resulted in a semantic structure similar to the LAM scale
(see Fig. 7).

More recently, Lim et al. (2009) developed yet another hedonic
category-ratio scale in recognition of some potential limitations of
the existing scales. First, the frames of reference for the LAM scale
and OPUS were limited to either foods or oral sensations. While
developing a scale within a corresponding context (e.g., foods)
may provide an appropriate frame of reference to make compari-
sons for items of these kinds, it is unclear if the scale provides a va-
lid context for other hedonic experiences (e.g., non-food items) or
provides valid individual and group differences in hedonic percep-
tion of foods (For the arguments made for valid vs. invalid compar-
isons across individuals and groups, see Bartoshuk et al., 2002).
Secondly, some aspects of the psychophysical procedures em-
ployed to derive the existing hedonic scales, such as the amount
of experience subjects had with magnitude estimation, differed
from those used to develop the LMS, raising questions about their
validity. Finally, because the gLMS was intended to measure sen-
sory intensities, its descriptors, with the exception of ‘moderate’,
do not translate very well to hedonic measurements (e.g., barely
detectable). In addition, when the spacing among descriptors of
the bipolar gLMS was compared with those of the other two
hedonic category-ratio scales, ‘moderate’ on the bipolar gLMS
was located much closer to neutral than was ‘moderately’ on the
other two scales (see Fig. 7), which raised questions about
potential differences in semantic structures underlying hedonic
and intensity continua.

The labeled hedonic scale (LHS) (Fig. 8) was developed using a
procedure that adhered closely to the procedure used to develop
the LMS, and once developed it was directly compared against
magnitude estimation and the 9-point hedonic scale (Lim et al.,
2009). The results showed that the LHS yielded data that were al-
most identical to those obtained using magnitude estimation, sup-
porting the validity of placement of the semantic descriptors and
the assumption of ratio-level data. In addition, compared to the
9-point hedonic scale the LHS afforded slightly better discrimina-
tion among stimuli and much greater resistance to ceiling effects
while producing more normally distributed data.
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Fig. 8. The labeled hedonic scale (LHS) (Lim et al., 2009).

3.3.3. Properties and advantages

There are several distinctive features and properties of cate-
gory-ratio scaling. First, because they were derived using ratio scal-
ing, they can be assumed to yield ratio-level data equivalent to
magnitude estimation, although only the LHS has been validated
against magnitude estimation. This property is particularly valu-
able to illustrate the relation between hedonic magnitude or
acceptability and underlying quantitative dimension of the stimu-
lus (e.g., concentration of sweetener), and to make ratio statements
about differences in liking (e.g., stimulus A is liked twice as much
as stimulus B). Second, because the positions of their semantic la-
bels have been empirically determined, they provide meaningful
semantic information about subjective experience in addition to

quantitative data. Interestingly, this property has not been consid-
ered as important as it should be: semantic information effectively
translates numerical data into meaningful statements about the
intensity or hedonic value of stimuli. Third, because they are con-
tinuous line scales, subjects can express subtle differences in pref-
erence among stimuli rather than being confined to categorical
judgments. The fact that they have high-end anchors also increases
the sensitivity of the scales for discriminating stimuli, especially
very intense or highly liked or highly disliked stimuli (El Dine &
Olabi, 2009; Greene, Bratka, Drake, & Sanders, 2006; Lim et al.,
2009; Schutz & Cardello, 2001). Fourth, the hedonic gLMS and
the LHS, because they are bounded by all-inclusive end anchors
(e.g., ‘Most liked or disliked sensation imaginable’), enable compar-
ison of individual and group differences within the context of the
full range of perceptual experiences (Bartoshuk et al., 2002). Fifth,
unlike the intensity ratings obtained by magnitude estimation and
the gLMS that are typically distributed log-normally across sub-
jects (Green et al., 1993), it has been shown that the hedonic rat-
ings obtained by category-ratio scaling are normally distributed
(Lim & Fujimaru, 2010; Lim et al., 2009). Therefore, parametric
analyses (e.g., ANOVA) can be readily applied without any data
transformation, i.e., there is no need to log-transform the data ob-
tained from the LHS. Finally, category-ratio scales have been
shown to be as easy to use for subjects as the 9-point hedonic scale
(Lim & Fujimaru, 2010; Schutz & Cardello, 2001), although they
might require instructions and practice ratings to obtain the high-
est quality data (see below).

3.3.4. Limitations

While hedonic category-ratio scales can be an advantageous
alternative for hedonic measurement of taste, flavor, foods, and
potentially any other hedonic experiences, some concerns about
category-ratio scales have also been raised. The most fundamental
question for any category-ratio scale, particularly in the field of
sensory evaluation of foods and consumer products, has been the
possibility that the all-inclusive end anchors (i.e., most imaginable
sensory experience of any kind) result in compression of ratings to-
ward the center of the scale (i.e., neutral) (Cardello, Lawless, &
Schutz, 2008), thus reducing the discrimination power of the scale.



744 J. Lim/Food Quality and Preference 22 (2011) 733-747

The assumption underlying this concern is that the maximum lik-
ing or disliking of foods is far less than the most liked/disliked sen-
sation of any kind. While this assumption might be true for some
people, the data so far collected (Lim & Fujimaru, 2010; Lim
et al., 2009) have shown that hedonic ratings for some extremely
liked or disliked samples in fact come close to the end anchors,
at least for a subgroup of subjects. More importantly, the results
from previous studies showed that discrimination performance
on hedonic category-ratio scales was no less than that of the 9-
point hedonic scale (El Dine & Olabi, 2009; Greene et al., 2006;
Lawless, Popper, & Kroll, 2010; Lim et al., 2009; Schutz & Cardello,
2001) even when a small number of stimuli, covering a relatively
narrow hedonicrange, were tested (Lim & Fujimaru, 2010). While re-
sponse compression is generally considered an undesirable trait of
any scale, itisimportant to emphasize that such a phenomenon itself
does not necessarily mean that the sensitivity of the scale is poor.
Data have suggested that although a wider frame of reference may
reduce the range of the scale being used, resolution of the scale re-
mains relatively unchanged because the variances decrease as mean
ratings decrease (Cardello et al., 2008; Lim & Fujimaru, 2010).

What may be more problematic is the potential misuse of the
scale by naive subjects, and by subjects who have extensive expe-
rience with other scales, such as the 9-point hedonic scale. In a re-
cent study, Cardello et al. (2008) reported that “a large number of
panelists (50 of 100 panelists at one study site and 65 of 100 pan-
elists at another site) used the LAM scale in a categorical manner,
making ratings on the tick marks corresponding to the verbal
labels” (p. 476). A similar improper use of the LHS was also seen
in a large consumer test for subjects who had previous experience
with the 9-point hedonic scale, and had not received detailed
instructions emphasizing the use of the scale. Nevertheless, the
categorical rating behavior was not evident among those who re-
ceived the proper instructions (Lim & Fujimaru, 2010). Even
though instructions about scale usage are often given a low prior-
ity, especially in large consumer tests, subjects’ full understanding
of the nature and use of a scale is of critical importance for obtain-
ing valid data. In order to take full advantage of any scale, under-
standing the theory and properties of the scale as an
experimenter and providing proper instructions to study subjects
prior to testing is crucial.

3.4. Relative hedonic scaling

In a search of a superior alternative to the 9-point hedonic scale,
some researchers found solutions in a completely different and
fundamentally opposite approach. Instead of measuring the degree
of hedonic reaction to stimuli in a broad context, and thus in a
more absolute manner (i.e., like “very much” within a certain
frame of reference), their approach was to measure the degree of
hedonic relativity among stimuli. This approach assumes that
when a subject assesses multiple stimuli, the rating of a stimulus
is only relative to the ratings of the other stimuli (Cordonnier &
Delwiche, 2008; Koo, Kim, & O’'Mahony, 2002; Mellers, 1983a).
Rank-rating (Kim & O’Mahony, 1998; O’Mahony, Park, Park, &
Kim, 2004), also known as positional relative rating (PRR)
(Cordonnier & Delwiche, 2008) is such a procedure. In this method,
a category scale (e.g., 9-point or 21-point) is presented on a
cardboard strip placed in front of the subject, who then rates the
stimuli by placing each one in front of the appropriate number
on the strip. As the subject proceeds through the test, they are al-
lowed to retaste the stimuli as often as they wish and to alter the
locations of stimuli that have been already positioned. While the
initial experiment showed that the rank-rating procedure provided
less discrimination errors in intensity measurements (e.g., saltiness
of NaCl) compared to a 9-point category scale (Kim & O’Mahony,
1998), application of rank-rating in hedonic measurement did

not show a significant advantage over the 9-point scale (Cordon-
nier & Delwiche, 2008; O’'Mahony, Park, Park, & Kim, 2004). In
addition, because rank-rating requires multiple tasting and retast-
ing of each stimulus, this procedure may not be equally suitable for
certain testing situation.

Another relative scaling method is the self-adjusting scale (Gay
& Mead, 1992; Mead & Gay, 1995; Villanueva, Petenate, & Da Silva,
2005; Villanueva et al., 2000), in which subjects are required to
place the most liked stimulus at the right end of the scale and
the least liked stimulus at the left end of the scale, and then parti-
tion all of the others at appropriate intermediate locations. The
advantages claimed for this method are that it demands the least
training time for subjects, and that it eliminates differences among
subjects in their usage of scale ranges, as everyone has to use the
whole range of the scale. However, studies have suggested that
the data generated from the self-adjusting scale show serious dis-
tortions from normality and that the scale is less efficient than the
9-point hedonic scale with the respect to discrimination power
(Villanueva et al., 2000, 2005).

In recognition of the above mentioned limitations observed in
both the 9-point hedonic scale and the self-adjusting scale,
Villanueva and colleagues proposed another relative scale, called
the hybrid hedonic scale (Villanueva et al., 2005). The hybrid hedo-
nic scale is a linear scale resulting from the combination of the
structured and unstructured scales. The scale has equidistant
points and three verbal affective labels in the middle (i.e., neither
liked nor disliked) and both ends (i.e., “disliked extremely” and
“liked extremely”) of the scale. The claimed advantages of this
scale over the 9-point hedonic scale are: (1) because it is not re-
stricted to a limited number of categories, the scale offers better
discrimination power; (2) that it reduces the psychological error
of habituation, and (3) because the scale generates continuous
data, it allows for the use of parametric analyses (Villanueva &
Da Silva, 2009; Villanueva et al., 2005). Such claims, however, have
recently been challenged. Lawless (2010) argued that “the details
of this paper do not justify any strong endorsement of the hybrid
scale, nor any condemnation of the traditional 9-point hedonic
scale”. Thus, it is not yet clear whether the hybrid scale offers
any real advantages over other hedonic scaling methods, including
the 9-point hedonic scale.

3.5. Indirect hedonic scaling

The scaling methods discussed above (i.e., the 9-point hedonic
scale, magnitude estimation, category-ratio scales, and relative
scales) produce numbers that have face values (e.g., “like very
much” on the 9-point hedonic scale = 8 on a 1 to 9 scale; “like very
much” on the LHS = 44.43 on a —100 to 100 scale) which represent
degrees of liking and disliking, and thus are considered direct scal-
ing methods. Another approach to scaling is to use the variance
created from relative judgments as units of measurement. This
procedure is a very different approach in the sense that it does
not derive scale values from a response “scale” per se, and accord-
ingly cannot produce data in terms of mean response scale values.
Instead, statistically-based variances from choice-based tasks (e.g.,
choose the one you prefer) are derived and used to construct a
measurement scale. This form of “indirect scaling” (also called as
Fechnerian methods, Baird & Noma, 1978; Jones, 1974) produce
scale values which describe differences between stimuli in terms
of how many standard deviations separate them. Such variability-
based procedures are based on Thurstonian modeling (Thurstone,
1927a,b), which is well established in intensity measurement
(see O’'Mahony, Masuoka, & Ishii, 1994).

Recently, a variability-based procedure of hedonic measure-
ment, called best-worst scaling (Jaeger, Jorgensen, Aaslyng, &
Bredie, 2008), has been introduced to the field of sensory
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evaluation. Originally used in studies of preferences for complex
attitudinal dimensions (e.g., Finn & Louviere, 1992; Flynn, Louviere,
Peters, & Coast, 2007; Marley & Louviere, 2005), the best-worst ap-
proach extends the method of paired preference tests by asking
subjects to choose the best and the worst stimuli from a set of
three or more stimuli. Simple difference scores are usually calcu-
lated based on the number of times a stimulus is called best (+1)
vs. worst (—1), and these scores are assumed to have interval prop-
erties (Marley & Louviere, 2005). However, it has been theorized
(Finn & Louviere, 1992; Marley & Louviere, 2005) that best-worst
scaling can yield ratio-level data if a multinomial logistic regres-
sion is performed on the data. Just like any other forced-choice
task, the best-worst scaling procedure has been shown to provide
better discrimination power compared to direct scaling methods
(Hein, Jaeger, Carr, & Delahunty, 2008; Jaeger et al., 2008), and to
be easy to use by consumers because it simply requires them to
choose the best-liked and worst-liked products in a series (Jaeger
& Cardello, 2009). However, indirect measures of differences,
including best-worst scaling, also have important limitations (see
Moskowitz, 2005). First, the procedures only provide the relative de-
gree of preference among a set of stimuli, not the degree of liking and
disliking of each stimulus. For example, although the data may show
a clear preference for one of the test stimuli over the others, there is
no way to know whether that stimulus is “liked” or not, i.e., it yields
no hedonic value. Second, the procedure can be very labor intensive.
Each scale value has to be derived from multiple observations of
choice experiments (e.g., ranking tasks), which means the procedure
requires many more tasting trials than a direct scaling procedure
(e.g., 21 tastings in a block design for seven stimuli), rendering it dif-
ficult to perform with foods and beverages (Jaeger & Cardello, 2009).

4. Conclusion

During the past decade, interest in measuring hedonic re-
sponses has grown tremendously in both basic psychophysics
and applied food and consumer research. In the field of chemosen-
sory science, studying individual and group differences in hedonic
responses to chemical stimuli has become fundamental to reaching
a better understanding of the role of sensory, perceptual, cognitive
and genetic factors in food preference and selection. At the same
time, in applied product research, discovering underlying con-
sumer segmentation, (instead of just finding out which products
are liked more than others) has become more essential than ever
before as the consumer marketplace has become more crowded
and competitive. These needs coupled with the recognition of the
positive features of category-ratio scaling motivated the develop-
ment of various hedonic category-ratio scales. Understandably
however, there has been confusion about the theory and value of
different scales among sensory scientists and professionals.

By describing the properties, advantages, and limitations of var-
ious scales I do not mean to suggest that one scale is necessarily a
superior or inferior measuring instrument than others. There is no
golden method which provides everything in a single click, nor are
there methods which are not useful at all. Instead, the goal of this
review is to aid researchers in the challenging task of identifying
the most appropriate, sensitive and valid scale for the type of hedo-
nic data they seek to collect in specific experimental contexts, and
optimizing the quality of the data by using the appropriate proce-
dures and instructions.
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