
Chapter 7

Scaling

Abstract Scaling describes the application of numbers, or judgments that are
converted to numerical values, to describe the perceived intensity of a sensory expe-
rience or the degree of liking or disliking for some experience or product. Scaling
forms the basis for the sensory method of descriptive analysis. A variety of methods
have been used for this purpose and with some caution, all work well in differentiating
products. This chapter discusses theoretical issues as well as practical considerations
in scaling.

The vital importance of knowing the properties and limitations of a measuring instrument can
hardly be denied by most natural scientists. However, the use of many different scales for sensory
measurement is common within food science; but very few of these have ever been validated. . . .

—(Land and Shepard, 1984, pp. 144–145)
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7.1 Introduction

People make changes in their behavior all the time
based on sensory experience and very often this
involves a judgment of how strong or weak something
feels. We add more sugar to our coffee if it is not sweet
enough. We adjust the thermostat in our home if it is
too cold or too hot. If a closet is too dark to find your
shoes you turn the light on. We apply more force to
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chew a tough piece of meat if it will not disintegrate
to allow swallowing. These behavioral decisions seem
automatic and do not require a numerical response. But
the same kinds of experiences can be evaluated with a
response that indicates the strength of the sensation.
What was subjective and private becomes public data.
The data are quantitative. This is the basis of scaling.

The methods of scaling involve the application of
numbers to quantify sensory experiences. It is through
this process of numerification that sensory evalua-
tion becomes a quantitative science subject to statis-
tical analysis, modeling, prediction, and hard theory.
However, as noted in the quote above, in the practi-
cal application of sensory test methods, the nature of
this process of assigning numbers to experiences is
rarely questioned and deserves scrutiny. Clearly num-
bers can be assigned to sensations by a panelist in a
variety of ways, some by mere categorization, or by
ranking or in ways that attempt to reflect the intensity
of sensory experience. This chapter will illustrate these
techniques and discuss the arguments that have been
raised to substantiate the use of different quantification
procedures.

Scaling involves sensing a product or stimulus and
then generating a response that reflects how the person
perceives the intensity or strength of one or more of
the sensations generated by that product. This process
is based on a psychophysical model (see Chapter 2).
The psychophysical model states that as the physical
strength of the stimulus increases (e.g., the energy of a
light or sound or the concentration of a chemical stim-
ulus) the sensation will increase in some orderly way.
Furthermore, panelists are capable of generating dif-
ferent responses to indicate these changes in what they
experience. Thus a systematic relationship can be mod-
eled of how physical changes in the real world result in
changing sensations.

Scaling is a tool used for showing differences and
degrees of difference among products. These differ-
ences are usually above the threshold level or just-
noticeable difference. If the products are very similar
and there is a question of whether there is any differ-
ence at all, the discrimination testing methods are more
suitable (Chambers and Wolf, 1996). Scaling is usually
done in one of the two scenarios. In the first, untrained
observers are asked to give responses to reflect changes
in intensity and it is presumed that (1) they understand
the attribute they are asked to scale, e.g., sweetness and
(2) there is no need to train or calibrate them to use
the scale. This is the kind of scaling done to study a

dose–response curve or psychophysical function. Such
a study would perhaps be done on a student sample or a
consumer population. A second kind of scaling is done
when trained panelists are used as if they were measur-
ing instruments, as in descriptive analysis. In this case
they may be trained to insure a uniform understanding
of the attribute involved (e.g., astringency) and often
they are calibrated with reference standards to illustrate
what is a little and what is a lot of this attribute. In this
case the focus is in on the products being tested and not
the more basic process of specifying a psychophysical
function that has general application.

Note that these are “cheap data” (a term used by
my advisor in graduate school, but perhaps “cost-
effective” sounds a little less negative). One stimulus
gives at least one data point. This is in contrast to indi-
rect methods like forced choice tests. Many responses
on a triangle test are needed to give one data point, i.e.,
the percent correct. Fechner and others referred to scal-
ing as “the method of single stimuli” and considered it
less reliable than the choice methods that were used to
generate difference thresholds. However, direct scaling
came into its own with the advent of magnitude estima-
tion, an open-ended numerical response method. One
or another type of scaling forms the basis for virtually
all descriptive analysis techniques. In descriptive anal-
ysis, panelists generate scaled responses for various
sensory attributes to reflect their subjective intensity.

There are two processes involved in scaling as
shown in Fig. 7.1. The first is the psychophysical chain
of events in which some energy or matter impinges
upon receptors and the receptors send signals to the

Fig. 7.1 The two processes involved in scaling. The first, phys-
iological process is the psychophysical translation of energy in
the outside world into sensation, i.e., conscious experience. The
second is the translation of that experience into some response.
The psychophysical process can be modified by physiological
processes such as adaptation and masking. The judgment func-
tion can be modified by cognitive processes such as contextual
effects, number usage, and other response biases.
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brain. These signals are interpreted in conscious per-
ception as a sensation with some intensity or strength.
The translation can be modified (i.e., the experience
will change) by processes like adaptation or mask-
ing from another stimulus. The second process is the
translation of that experience into an overt response
(the data). This judgment function is influenced by the
nature of the scaling task that the panelist is asked to
perform. Factors such as contextual effects, the choice
of comparison products, and response biases of that
particular person can modify the process. The bet-
ter the data reflect the experience, the more valid is
the scaling method. The sensory professional must be
careful to avoid response methods that introduce biases
or non-sensory influences on the response output. For
example, I might be asked to generate some open-
ended numerical response to reflect my perception, but
I might have some “favorite” numbers I find easy to use
(e.g., integers or multiples of 2, 5, and 10) so this num-
ber bias interferes to some degree with the translation
of my experience into a truly accurate response.

This chapter will focus on various methods that have
been used in sensory evaluation and in psychophysics
for scaling. Theory, principles, and issues will be dis-
cussed to provide depth of understanding. For the
student who wishes to learn just the basic practices,
Sections 7.3 and 7.4 are the most practically rele-
vant sections. Section 7.5 illustrates some alternative
methods that have appeared in the sensory evaluation
literature, but have not at this time enjoyed widespread
adoption in industrial practice. The sensory scientist
should be aware of these additional methods for the
potential advantages they may provide.

7.2 Some Theory

Measurement theory tells us that numbers can be
assigned to items in different ways. This distinction
was popularized by S. S. Stevens, the major propo-
nent of magnitude estimation (1951). At least four
ways of assigning numbers to events exist in common
usage. These are referred to as nominal scaling, ordinal
scaling, interval scaling, and ratio scaling.

In nominal scaling, numbers are assigned to events
merely as labels. Thus gender may be coded as a
“dummy variable” in statistical analysis by assigning
a zero to males and a one to females; no assumption is
made that these numbers reflect any ordered property

of the sexes. They merely serve as convenient labels.
The meals at which a food might be eaten could be
coded with numbers as categories—one for breakfast,
two for lunch, three for supper, and four for snacks.
The assignment of a number for analysis is merely a
label, a category or pigeonhole. The appropriate analy-
sis of such data is to make frequency counts. The mode,
the most frequent response, is used as a summary
statistic for nominal data. Different frequencies of
response for different products or circumstances can be
compared by chi-square analysis or other nonparamet-
ric statistical methods (Siegel, 1956; see Appendix B).
The only valid comparisons between individual items
with this scale is to say whether they belong to the
same category or to different ones (an equal versus not
equal decision).

In ordinal scaling, numbers are assigned to recog-
nize the rank order of products with regard to some
sensory property, attitude, or opinion (such as pref-
erence). In this case increasing numbers assigned to
the products represent increasing amounts or intensi-
ties of sensory experience. So a number of wines might
be rank ordered for perceived sweetness or a num-
ber of fragrances rank ordered from most preferred to
least preferred. In this case the numbers do not tell us
anything about the relative differences among the prod-
ucts. We cannot draw conclusions about the degree of
difference perceived nor the ratio or magnitude of dif-
ference. In an analogy to the order of runners finishing
in a race, we know who placed first, second, third, etc.
But this order does indicate neither the finishing dis-
tances between contestants nor the differences in their
elapsed times. In general, analyses of ranked data can
report medians as the summary statistic for central ten-
dency or other percentiles to give added information.
As with nominal data, nonparametric statistical analy-
ses (see Appendix B) are appropriate when ranking is
done (Siegel, 1956).

The next level of scaling occurs when the subjec-
tive spacing of responses is equal, so the numbers
represent equal degrees of difference. This is called
interval-level measurement. Examples in the physi-
cal sciences would be the centigrade and Fahrenheit
scales of temperature. These scales have arbitrary zero
points but equal divisions between values. The scales
are inter-convertible through a linear transformation,
for example, ◦C = 5/9 (◦F–32). Few scales used in sen-
sory science have been subjected to tests that would
help establish whether they achieved an interval level
of measurement and yet this level is often assumed.
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One scale with approximately equal subjective spacing
is the 9-point category scale used for like–dislike judg-
ments, the 9-point hedonic scale (Peryam and Girardot,
1952). The phrases are shown below:

Like extremely
Like very much
Like moderately

Like slightly
Neither like nor dislike

Dislike slightly
Dislike moderately
Dislike very much
Dislike extremely

These response choices are commonly entered as
data by assignment of the numbers one through nine.
Extensive research was conducted to find the apparent
spacing of various adjective labels for the scale points
(Jones and Thurstone, 1955; Jones et al., 1955). The
technique for deciding on the subjective spacing was
the use of one kind of Thurstonian scaling method.
The original data do not fully support the notion of
equality of spacing, as discussed below. However, the
scale worked well in practice, so this tradition of inte-
ger assignment has persisted. The method is illustrated
in Appendix 1 at the end of this chapter. Thurstonian
theory is discussed further in Chapter 5.

The advantage of interval-level measurement is that
the data allow added interpretation. In a horse-racing
example, we know the order the horses finished in
and about how many “lengths” separated each horse.
A second advantage is that more powerful statistical
methods may be brought to bear the parametric meth-
ods. Computation of means, t-tests, linear regression,
and analysis of variance are appropriate analyses.

Another even more desirable level of measurement
is ratio measurement. In this case the zero level is
fixed and not arbitrary and numbers will reflect relative
proportions. This is the level of measurement com-
monly achieved in the physical sciences for quantities
like mass, length, and temperature (on the absolute
or Kelvin scale). Statements can be made that this
item has twice as much length or mass than that
item. Establishing whether a sensory scaling method
actually assigns numbers to represent the relative pro-
portions of different sensation intensities is a dif-
ficult matter. It has been widely assumed that the
method of magnitude estimation is a priori a ratio scal-
ing procedure. In magnitude estimation, subjects are

instructed to assign numbers in relative proportions
that reflect the strength of their sensations (Stevens,
1956). However, ratio instructions are easy to give,
but whether the scale has ratio properties in reflecting
a person’s actual subjective experiences is difficult to
determine, if not impossible.

Because of these different measurement types with
different properties, the sensory professional must be
careful about two things. First, statements about dif-
ferences or ratios in comparing the scores for two
products should not be made when the measurement
level is only nominal or ordinal. Second, it is risky
to use parametric statistics for measurements that
reflect only frequency counts or rankings (Gaito, 1980;
Townsend and Ashby, 1980). Nonparametric methods
are available for statistical analyses of such data.

7.3 Common Methods of Scaling

Several different scaling methods have been used to
apply numbers to sensory experience. Some, like mag-
nitude estimation, are adapted from psychophysical
research, and others, like category scaling have become
popular through practical application and dissemi-
nation in a wide variety of situations. This section
illustrates the common techniques of category scales,
line marking, and magnitude estimation. The next
section discusses the less frequently used techniques
of hybrid category–ratio scales, indirect scales, and
ranking as alternatives. Two other methods are illus-
trated. Intensity matching across sensory modalities,
called cross-modality matching, was an important psy-
chophysical technique and a precedent to some of the
category–ratio scales. Finally, adjustable rating tech-
niques in which panelists make relative placements and
are able to alter their ratings are also discussed.

7.3.1 Category Scales

Perhaps the oldest method of scaling involves the
choice of discrete response alternatives to signify
increasing sensation intensity or degrees of liking
and/or preference. The alternatives may be presented
in a horizontal or vertical line and may offer choices of
integer numbers, simple check boxes, or word phrases.
Examples of simple category scales are shown in
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Super Good Really Good Good
Maybe Good

or 
Maybe Bad

Bad Really Bad Super Bad

A)  INTENSITY

1          2          3          4          5          6          7          8          9

Weak Strong

B)  Oxidized not noticeable
trace, not sure
faint
slight
mild
moderate
definite
strong
very strong

___
___
___
___
___
___
___
___
___

C) Difference from reference

___ No difference
___ Very slight difference
___ Slight difference
___ Moderate difference
___ Large difference
___ Very large difference

D)   

Not sweet
at all

Extremely
sweet

E) 

Weaker R Stronger

F)  Hedonic scale for children

Sweetness

Sweetness

Fig. 7.2 Examples of category scales. (a) a simple integer scale
for sensation strength (after Lawless and Malone, 1986b); (b) a
verbal scale for degree of oxidized flavor (after Mecredy et al.,
1974; (c) a verbal scale for degree of difference from some ref-
erence or control sample (after Aust et al., 1985), (d) a simple

check-box scale for perceived intensity; (e) a simple check-box
scale for difference in intensity from some reference sample,
marked R (after Stoer and Lawless, 1993); (f) a facial scale
suitable for use with children, after Chen et al. (1996).

Fig. 7.2. The job of the consumer or panelist is to
choose the alternative that best represents their reac-
tion or sensation. In a category scale the number of
alternative responses is limited. Seven to 15 categories
are commonly used for intensity scaling depending
upon the application and the number of gradations that
the panelists are able to distinguish in the products.
As panel training progresses, perceptual discrimination

of intensity levels will often improve and more scale
points may be added to allow the panel to make
finer distinctions. A key idea is to present an eas-
ily understandable word like “sweetness” and ask the
participant to evaluate the perceived intensity of that
attribute. A second important factor concerns the ver-
bal labels that appear along the alternatives. At the very
least, the low and high ends of the scale must be labeled
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with words that make sense, e.g., “not sweet at all” to
“extremely sweet.”

A wide variety of these scales have been used.
A common version is to allow integer numerical
responses of approximately nine points (e.g., Lawless
and Malone, 1986a, b). Further gradations may be
allowed. For example, Winakor et al. (1980) allowed
options from 1 to 99 in rating attributes of fabric hand-
feel. In the Spectrum method (Meilgaard et al., 2006) a
15-point category scale is used, but allows intermediate
points in tenths, rendering it (at least in theory) a 150-
point scale. In hedonic or affective testing, a bipolar
scale is common, with a zero or neutral point of opin-
ion at the center (Peryam and Girardot, 1952). These
are often shorter than the intensity scales. For exam-
ple, in the “smiling face” scale used with children, only
three options may be used for very young respondents
(Birch et al., 1980, 1982), although with older children
as many as nine points may be used (Chen et al., 1996;
Kroll, 1990). Lately there has been a move away from
using labels or integers, in case these may be biasing
to subjects. People seem to have favorite numbers or
tendencies to use some numbers more than others (e.g.,
Giovanni and Pangborn, 1983). A solution to this prob-
lem is to use an unlabeled check-box scale as shown in
Fig. 7.2.

In early applications of category scaling, the pro-
cedure specifically instructed subjects to use the cate-
gories to represent equal spacing. They might also be
instructed to distribute their judgments over the avail-
able scale range, so the strongest stimulus was rated
at the highest category and the weakest stimulus at
the lowest category. This use of such explicit instruc-
tions surfaces from time to time. An example is in
Anderson’s (1974) recommendation to show the sub-
ject specific examples of bracketing stimuli that are
above and below the anticipated range of items in
the set to be judged. A related method is the relative
scaling procedure of Gay and Mead (1992) in which
subjects place the highest and lowest stimuli at the
scale endpoints (discussed below). The fact that there
is an upper boundary to the allowable numbers in a cat-
egory scaling task may facilitate the achievement of a
linear interval scale (Banks and Coleman, 1981).

A related issue concerns what kind of experience the
high end anchor refers to. Muñoz and Civille (1998)
pointed out that for descriptive analysis panels, the
high end-anchor phrase could refer to different situ-
ations. For example, is the term “extremely sweet”

referring to all products (a so-called universal scale)?
Or is the scale anchored in the panelists’ minds only
to products in this category? In that case, extremely
sweet for a salt cracker refers to something different
than extremely sweet for a confectionary product or
ice cream. Or is the high end of the scale the most
extreme attribute for this product? That would yield a
product-specific scale in which comparisons between
different attributes could be made, e.g., this cracker is
much sweeter than it is salty, but not comparisons to
another type of product. These are important concerns
for a descriptive panel leader.

However, some experimenters nowadays avoid any
extra instructions, allowing the subject or panelist to
distribute their ratings along the scale as they see
fit. In fact, most people will have a tendency to dis-
tribute their judgments along most of the scale range,
although some avoid the end categories, reserving
them in case extreme examples show up. However,
panelists do not like to overuse one part of the scale
and will tend to move these judgments into adjoining
response categories (Parducci, 1965). These tendencies
are discussed in Chapter 9.

In practice, simple category scales are about as
sensitive to product differences as other scaling tech-
niques, including line marking and magnitude estima-
tion (Lawless and Malone, 1986a, b). Due to their
simplicity, they are well suited to consumer work.
In addition, they offer some advantages in data cod-
ing and tabulation for speed and accuracy as they
are easier to tabulate than measuring lines or record-
ing the more variable magnitude estimates that may
include fractions. This presumes, of course, that the
data are being tabulated manually. If the data are
recorded online using a computer-assisted data collec-
tion system, this advantage vanishes. A wide variety of
scales with fixed alternatives are in current use. These
include Likert-type scales used for opinions and atti-
tudes, which are based on the degree to which a person
agrees or disagrees with a statement about the prod-
uct. Examples of such scales used in consumer tests
are found in Chapter 14. Lately the term “Likert scale”
has been used to refer to any category type of scale,
but we prefer to reserve the name of Likert to the
agree/disagree attitude scale in keeping with his origi-
nal method (Likert, 1932). The flexibility of categori-
cal alternatives for many different situations is thus one
important aspect of the appeal of this kind of response
measurement.
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7.3.2 Line Scaling

A second widely used technique for intensity scaling
involves making a mark or slash on a line to indi-
cate the intensity of some attribute. Marking a line is
also referred to as using a graphic-rating scale or a
visual analog scale. The response is recorded as the
distance of the mark from one end of the scale, usu-
ally whatever end is considered “lower.” Line marking
differs from category scales in the sense that the per-
son’s choices seem more continuous and less limited.
In fact, the data are limited to the discrete choices mea-
surable by the data-encoding instrument, such as the
resolution of a digitizer or the number of pixels resolv-
able on a computer screen. The fundamental idea is
that the panelist makes a mark on a line to indicate
the intensity or amount of some sensory characteris-
tic. Usually only the endpoints are labeled and marked
with short line segments at right angles to the main
line. The end-anchor lines may be indented to help
avoid end effects associated with the reluctance of sub-
jects to use the ends of scale. Other intermediate points
may be labeled. One variation uses a central reference
point representing the value of a standard or baseline
product on the scale. Test products are scaled relative
to that reference. Some of these variations are shown in
Fig. 7.3. These techniques are very popular in descrip-
tive analysis in which multiple attributes are evaluated
by trained panels.

The first use of line scales for sensory evaluation
appears in an experiment from the Michigan State
Agricultural Experiment Station conducted during
World War II (Baten, 1946). Various storage temper-
atures of apples were tested. A simple category scale
for fruit appeal was used (ratings from very desirable
to very undesirable with seven alternatives) and then a
6 in. line scale was used, with the words “very poor”
over the left end and “excellent” over the right end.
Responses on the line were measured in inches. A poll
of the participants revealed a strong preference for the
category scale over the line marking scale. However,
Baten reported that the t-values comparing apples were
about twice as large using the line-marking technique,
implying a greater ability to statistically differentiate
the items using the line scale. Unfortunately, Baten
did not report any numerical values for the t-statistics,
so it is difficult to evaluate the size of the advantage
he saw.

very poor excellent

weak moderate strong

AROMA

Pepper Heat
O

threshold slight moderate strong

reference strongerweaker

a)

b)

c)

d)

e)
overall opinion

dislike
moderately

like 
moderately

neither

Sweetness

X Xf)
least
liked

most
liked

Fig. 7.3 Examples of line-marking scales: (a) with endpoints
labeled (after Baten, 1946); (b) with indented “goal posts” (after
Mecredy et al., 1974); (c) with additional points labeled as in
ASTM procedure E-1083 (ASTM, 2008b); (d) a line for ratings
relative to a reference as in Stoer and Lawless (1993); (e) hedo-
nic scaling using a line; (f) the adjustable scale of Gay and Mead
(1992) as pictured by Villanueva and D Silva (2009).

An important historical trend to use lines in descrip-
tive analysis was instrumental in the popularization of
line marking. Stone et al. (1974) recommended the use
of line marking for Quantitative Descriptive Analysis
(QDA), then a relatively new approach to specifying
the intensities of all important sensory attributes. It
was important to have a scaling method in QDA that
approximated an interval scale, as analysis of variance
was to become the standard statistical technique for
comparing products in descriptive analysis. The justi-
fication for the application in QDA appears to rest on
the previous findings of Baten regarding the sensitivity
of the method and the writings of Norman Anderson
on functional measurement theory (Anderson, 1974).
In his approach, Anderson used indented end anchors
(see Weiss, 1972, for another example). Anderson
also showed his subjects examples of the high and
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low stimuli that one might encounter in the experi-
ment, and sometimes even more extreme examples, in
order to orient and stabilize their scale usage. Whether
such examples make sense for sensory evaluation is
questionable.

Since the advent of QDA, the line-marking tech-
niques have been applied in many different situa-
tions requiring sensory response. In an early sen-
sory application, Einstein (1976) successfully used a
line-marking scale with consumers to evaluate beer
attributes of flavor intensity, body, bitterness, and after-
taste. By “successful” we mean that statistically sig-
nificant differences were obtained among test samples.
The use of line marking is not limited to foods and con-
sumer products. Measurement of pain and pain relief
has employed line marking in clinical settings, using
both vertical and horizontal lines (Huskisson, 1983;
Sriwatanakul et al., 1983). Lawless (1977) used a line-
marking technique along with ratio instructions for
both intensity and hedonic judgments in taste and odor
mixture studies. This was a hybrid procedure in which
subjects were instructed to mark lines as if perform-
ing magnitude estimation. For example, if one product
were twice as sweet as a previous item, a mark would
be made twice as far down the line (which could be
extended if the panelist ran out of room). Villanueva
and colleagues used a scale with equally spaced dots
along the line and obtained good results for acceptabil-
ity scaling (Villanueva and Da Silva, 2009; Villanueva
et al., 2005). In comparisons of category ratings, line
marking, and magnitude estimation, the line-marking
method is about as sensitive to product differences
as other scaling techniques (Lawless and Malone,
1986a, b).

Marking a point on a line has also been used widely
in time–intensity scaling methods. The simplest ver-
sion of this is to move a pointer along a scale while a
moving roll of paper is marked to see the continuous
changes in sensation over time. Originally this could
be done with a simple marking pen held by the partic-
ipant (e.g., Moore and Shoemaker, 1981). The record
of the pen track would usually be obscured from the
person’s view, so as not to exert any influence on their
response. The pen-tracking method has also been used
with ratio instructions (Lawless and Skinner, 1979).
In some cases, the participant has turned a dial or
other response device while observing a linear display
(Lawless and Clark, 1992). Often the time–intensity
scale will look much like a vertical “thermometer”

with a cursor that moves up and down via the com-
puter mouse. Time–intensity methods are reviewed
more fully in Chapter 8.

7.3.3 Magnitude Estimation

7.3.3.1 The Basic Techniques

A popular technique for scaling in psychophysical
studies has been the method of magnitude estimation.
In this procedure, the respondent is instructed to assign
numbers to sensations in proportion to how strong the
sensation seems. Specifically, the ratios between the
numbers are supposed to reflect the ratios of sensation
magnitudes that have been experienced. For example,
if product A is given the value of 20 for sweetness
intensity and product B seems twice as sweet, B is
given a magnitude estimate of 40. The two critical parts
of the technique are the instructions given to the partic-
ipant and the techniques for data analysis. Two primary
variations of magnitude estimation have been used. In
one method, a standard stimulus is given to the sub-
ject as a reference and that standard is assigned a fixed
value such as 10. All subsequent stimuli are rated rel-
ative to this standard, sometimes called a “modulus.”
It is often easier for panelists if the reference (i.e., the
item used as the modulus) is chosen from somewhere
near the middle of the intensity range.

In the other variation of magnitude estimation, no
standard stimulus is given and the participant is free
to choose any number he or she wishes for the first
sample. All samples are then rated relative to this first
intensity, although in practice people probably “chain”
their ratings to the most recent items in the series.
Because people can choose different ranges of num-
bers in this “non-modulus” magnitude estimation, the
data have to be treated to bring all judgments into the
same range, an extra step in the analysis. Variations on
magnitude estimation and guidelines for data analysis
are found in ASTM Standard Test Method E 1697–05
(ASTM, 2008a).

In the psychophysical laboratory, where magnitude
estimation has found its primary usage, generally only
one attribute is rated at a time. However, rating mul-
tiple attributes or profiling has been used in taste
studies (McBurney and Bartoshuk, 1973; McBurney
and Shick, 1971; McBurney et al., 1972) and this can
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naturally be extended to foods with multiple taste and
aromatic attributes. Magnitude estimation has not been
used very often for descriptive analysis, but in princi-
ple there is no reason why it could not be used for that
purpose.

Participants should be cautioned to avoid falling
into previous habits of using bounded category scales,
e.g., limited ranges of numbers from zero to ten. This
may be a difficult problem with previously trained pan-
els that have used a different scaling method, as people
like to stick with a method they know and feel com-
fortable with. Panelists who show such behavior may
not understand the ratio nature of the instructions. It
is sometimes useful with a new panelist to have the
participant perform a warm-up task to make sure they
understand the scaling instructions. The warm-up task
can involve estimation of the size or area of differ-
ent geometric figures (Meilgaard et al., 2006) or the
length of lines (McBurney et al., 1972). Sometimes
it is desired to have panelists rate multiple attributes
at the same time or to break down overall intensity
into specific qualities. If this kind of “profiling” is
needed, the geometric figures can include areas with
different shading or the lines can be differently col-
ored. A practice task is highly recommended so that the
sensory scientist can check on whether the participant
understands the task.

Values of zero are allowed in this method as some
of the products may in fact have or no sensation for a
given attribute (like no sweetness in our example). Of
course, the rating of zero should not be used for the ref-
erence material. While the value of zero is consistent
with common sense for products with no sensation of
some attributes, it does complicate the data analysis as
discussed below.

7.3.3.2 Instructions

The visual appearance of the ballot in magnitude esti-
mation is not critical; it is the instructions and the
participant’s comprehension of the ratio nature of the
judgments that are important. Some ballots even allow
the subject/participant to view all previous ratings.
Here are sample instructions for the use of magnitude
estimation with a reference sample or modulus with a
fixed number assigned to it:

Please taste the first sample and note its sweetness. This
sample is given the value of “10” for its sweetness

intensity. Please rate all other samples in proportion to
this reference. For example, if the next sample is twice as
sweet, assign it a value of “20”, if half as sweet, assign it
a value of “5” and if 3.5 times as sweet, assign in a value
of 35. In other words, rate the sweetness intensity so that
your numbers represent the ratios among the intensities of
sweetness. You may use any positive numbers including
fractions and decimals.

The other major variation on this method uses no
reference. In this case the instructions may read as
follows:

Please taste the first sample and note its sweetness. Please
rate all other samples relative to this reference, applying
numbers to the samples to represent the ratios of sweet-
ness intensity among the samples. For example, if the
next sample was twice as sweet, you would give it a num-
ber twice as big as the rating assigned to the first sample,
if half as sweet, assign it a number half as big and if 3.5
times as sweet, assign it a number 3.5 times as big. You
may use any positive numbers including fractions and
decimals.

7.3.3.3 Data Treatment

In non-modulus methods, participants will generally
choose some range of numbers they feel comfort-
able with. The ASTM procedure suggests having them
pick a value between 30 and 100 for the first sample,
and avoiding any number that seems small. If partici-
pants are allowed to choose their own number range,
it becomes necessary to re-scale each individual’s data
to bring them into a common range before statistical
analysis (Lane et al., 1961). This will prevent subjects
who choose very large numbers from having undue
influence on measures of central tendency (means)
and in statistical tests. This rescaling process has been
referred to as “normalizing” (ASTM, 2008a) although
it has nothing to do with the normal distribution or
Z-scores. A common method for rescaling proceeds as
follows:

(1) Calculate the geometric mean of each individual’s
ratings across their data set.

(2) Calculate the geometric mean of the entire data set
(of all subjects combined).

(3) For each subject, construct a ratio of the grand geo-
metric mean of the entire data set to each person’s
geometric mean. The value of this ratio provides
a post hoc individual rescaling factor for each
subject. In place of the grand geometric mean,
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any positive numerator may also be chosen in
constructing this factor, e.g., a value of 100.

(4) Multiply each data point for a given person by
their individual rescaling factor. Do this for all
participants using their own individual re-scaling
factors.

These re-scaled data are then analyzed. Note that
due to the extra data treatment step in this method, it
is simpler to use the modulus-based variation with a
standard reference item.

Magnitude estimation data are often transformed to
logs before data analysis (Butler et al., 1987; Lawless,
1989). This is done primarily because the data tend
to be positively skewed or log-normally distributed.
There tends to be some high outlying values for any
given sample. Perhaps this is not surprising because
the scale is open-ended at the top, and bounded by
zero at the bottom. Transformation into log data and/or
taking geometric means presents some problems, how-
ever, when the data contain zeros. The log of zero is
undefined. Any attempt to take a geometric mean by
calculating the product of N items will yield a zero
on multiplying. Several approaches have been taken to
this problem. One is to assign a small positive value to
any zeros in the data, perhaps one-half of the smallest
rating given by a subject (ASTM, 2008a). The resulting
analysis, however, will be influenced by this choice.
Another approach is to use the median judgments in
constructing the normalization factor for non-modulus
methods. The median is less influenced by the high
outliers in the data than the arithmetic mean.

7.3.3.4 Applications

For practical purposes, the method of magnitude esti-
mation may be used with trained panels, consumers,
and even children (Collins and Gescheider, 1989).
However, the data do tend to be a bit more variable
than other bounded scaling methods, especially in the
hands of untrained consumers (Lawless and Malone,
1986b). The unbounded nature of the scale may make
it especially well suited to sensory attributes where
an upper boundary might impose restrictions on the
panelists’ ability to differentiate very intense sensory
experiences in their ratings. For example, irritative or
painful sensations such as chili pepper intensity might
all be rated near the upper bound of a category scale

of intensity, but an open-ended magnitude estimation
procedure would allow panelists more freedom to dif-
ferentiate and report variations among very intense
sensations.

With hedonic scaling of likes and dislikes, there is
an additional decision in using magnitude estimation
scaling. Two options have been adopted in using this
technique, one employing a single continuum or unipo-
lar scale for amount of liking and the other applying a
bipolar scale with positive and negative numbers plus
a neutral point (Pearce et al., 1986). In bipolar magni-
tude scaling of likes and dislikes, positive and negative
numbers are allowed in order to signify ratios or pro-
portions of both liking and disliking (e.g., Vickers,
1983). An alternative to positives and negatives is to
have the respondent merely indicate whether the num-
ber represents liking or disliking (Pearce et al., 1986).
In unipolar magnitude estimation only positive num-
bers (and sometimes zeros) are allowed, with the lower
end of the scale representing no liking and higher num-
bers given to represent increasing proportions of liking
(Giovanni and Pangborn, 1983; Moskowitz and Sidel,
1971). It is questionable whether a unipolar scale is
a sensible response task for the participant, as it does
not recognize the fact that a neutral hedonic response
may occur, and that there are clearly two modes of
reaction, one for liking and one for disliking. If one
assumes that all items are on one side of the hedo-
nic continuum—either all liked to varying degrees or
all disliked to varying degrees then the one-sided scale
makes sense. However, it is a rare situation with foods
or consumer product testing in which at least some
indifference or change of opinion was not visible in at
least some respondents. So a bipolar scale fits common
sense.

7.4 Recommended Practice
and Practical Guidelines

Both line scales and category scales may be used effec-
tively in sensory testing and consumer work. So we
will not expend much effort in recommending one
of these two common techniques over another. Some
practical concerns are given below to help the stu-
dent or practitioner avoid some potential problems.
The category–ratio or labeled magnitude scales may
facilitate comparisons among different groups, and this
issue is discussed below in Section 7.5.2.
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7.4.1 Rule 1: Provide Sufficient
Alternatives

One major concern is to provide sufficient alternatives
to represent the distinctions that are possible by pan-
elists (Cox, 1980). In other words, a simple 3-point
scale may not suffice if the panel is highly trained
and capable of distinguishing among many levels of
the stimuli. This is illustrated in the case of the flavor
profile scale, which began with five points to repre-
sent no sensation, threshold sensation, weak, moderate,
and strong (Caul, 1957). It was soon discovered that
additional intermediate points were desirable for pan-
elists, especially in the middle range of the scale where
many products would be found. However, there is a
law of diminishing returns in allowing too many scale
points—further elaboration allows better differentia-
tion of products up to a point and then the gains dimin-
ish as the additional response choices merely capture
random error variation (Bendig and Hughes, 1953).

A related concern is the tendency, especially in
consumer work, to simplify the scale by eliminating
options or truncating endpoints. This brings in the dan-
ger caused by end-use avoidance. Some respondents
may be reluctant to use the end categories, just in case
a stronger or weaker item may be presented later in
the test. So there is some natural human tendency to
avoid the end categories. Truncating a 9-point scale to
a 7-point scale may leave the evaluator with what is
functionally only a 5-point scale for all practical pur-
poses. So it is best to avoid this tendency to truncate
scales in experimental planning.

7.4.2 Rule 2: The Attribute Must Be
Understood

Intensity ratings must be collected on an attribute
which the participants understand and about which
they have a general consensus and agreement as to its
meaning. Terms like sweetness are almost universal
but a term like “green aroma” might be interpreted
in different ways. In the case of a descriptive panel,
a good deal of effort may be directed at using refer-
ence standards to illustrate what is meant by a specific
term. In the case of consumer work, such training is not
done, so if any intensity ratings are collected, they must
be about simple terms about which people generally

agree. Bear in mind that most early psychophysics was
done on simple attributes like the loudness of a sound
or the heaviness of a weight. In the chemical senses,
with their diverse types of sensory qualities and fuzzy
consumer vocabulary, this is not so straightforward.

Other problems to avoid include mixing sensation
intensity (strength) and hedonics (liking), except in
the just-right scale where this is explicit. An example
of a hedonically loaded sensory term is the adjective
“fresh.” Whatever this means to consumers, it is a poor
choice for a descriptive scale because it is both vague
and connotes some degree of liking or goodness to
most people. Vague terms are simply not actionable
when it comes to giving feedback to product devel-
opers about what needs to be fixed. Another such
vague term that is popular in consumer studies is “nat-
ural.” Even though consumers might be able to score
products on some unknown basis using this word, the
information is not useful as it does not tell formula-
tors what to change if a product scores low. A similar
problem arises with attempting to scale “overall qual-
ity.” Unless quality has been very carefully defined, it
cannot be scaled.

7.4.3 Rule 3: The Anchor Words Should
Make Sense

In setting up the scales for descriptive analysis or for a
consumer test, the panel leader should carefully con-
sider the nature of the verbal end anchors for each
scale as well as any intermediate anchors that may
be needed. Should the scale be anchored from “very
weak” to “very strong” or will there be cases in which
the sensory attribute is simply not present? If so, it
makes sense to verbally anchor the bottom of the scale
with “not at all” or “none.” For example, a sweetness
scale could be anchored with “not at all sweet” and a
scale for “degree of oral irritation” could be anchored
using “none.”

7.4.4 To Calibrate or Not to Calibrate

If a high degree of calibration among the panelists
is desired, then physical standards can be given for
intensity. Often this is done with end examples as
discussed above, but it may be advantageous to give



160 7 Scaling

examples of intermediate points on the scales as well.
An example of this kind of calibration is found in the
ASTM procedures for evaluating pepper heat, where
three points on the scale are illustrated (weak, mod-
erate, and approaching strong) (ASTM, 2008b). The
traditional texture profile technique (Brandt et al.,
1963) used nine scale points for most texture attributes
like hardness and would give examples of common
products representing each point on the scale. In the
Spectrum descriptive method, the scales for intensity
are intended to be comparable across all attributes and
all products so scale examples are given from various
sensory domains representing points on the 15-point
scale for intensity (Meilgaard et al., 2006). Whether
or not this degree of calibration is required for a spe-
cific project should be considered. There may also be
a limit to the ability to stabilize the scale usage of
respondents. There are limits on the abilities of humans
to be calibrated as measuring instruments (Olabi and
Lawless, 2008) and in spite of decades of research in
scaling, this is not well understood. People differ in
their sensitivities to various tastes and odors and thus
may honestly differ in their sensory responses.

Another decision of the test designer will be
whether to assign physical examples to intermediate
scale points. Although reference items are commonly
shown for the end categories, this is less often done
with intermediate categories. The apparent advantage
is to achieve a higher level of calibration, a desirable
feature for trained descriptive panelists. A potential
disadvantage is the restriction of the subject’s use of
the scale. What appears to be equal spacing to the
experimenter may not appear so to the participant. In
that case, it would seem wiser to allow the respon-
dent to distribute his or her judgments among the scale
alternatives, without presuming that the examples of
intermediate scale points are in fact equally spaced.
This choice is up to the experimenter. The decision
reflects one’s concerns as to whether it is more desir-
able to work toward calibration or whether there is
more concern with potential biasing or restriction of
responses.

7.4.5 A Warning: Grading and Scoring
are Not Scaling

In some cases pseudo-numerical scales have been set
up to resemble category scales, but the examples cut

across different sensory experiences, mixing qualities.
An example is the pseudo-scale used for baked prod-
ucts, where the number 10 is assigned for perfect
texture, 8 for slight dryness, 6 for gumminess, and 4 if
very dry (AACC, 1986). Gumminess and dryness are
two separate attributes and should be scaled as such.
This is also an example of quality grading, which is
not a true scaling procedure. When the numbers shift
among different sensory qualities, this violates the psy-
chophysical model for scaling the intensity of a single
attribute. Although numbers may be applied to the
grades, they cannot be treated statistically, as the aver-
age of “very dry ” (4) and slightly dry (8) is not gummy
(6) (see Pangborn and Dunkley, 1964, for a critique
of this in the dairy grading arena). The numbers in a
quality-grading scheme do not represent any kind of
unitary psychophysical continuum.

7.5 Variations—Other Scaling
Techniques

An important idea in scaling theory is the notion that
people may have a general idea of how weak or strong
sensations are, and that they can compare different
attributes of a product for their relative strength, even
across different sensory modalities. So, for example,
someone could legitimately say that this product tastes
much more salty than it is sweet. Or that the trum-
pets are twice as loud as the flutes in a certain passage
in a symphony. Given that this notion is correct, peo-
ple would seem to have a general internal scale for
the strength of sensations. This idea forms the basis
for several scaling methods. It permits the compari-
son of different sensations cross-referenced by their
numerical ratings, and even can be used to compare
word responses. Methods derived from this idea are
discussed next.

7.5.1 Cross-Modal Matches
and Variations on Magnitude
Estimation

The method of magnitude estimation has a basis in
earlier work such as fractionation methods and the
method of sense ratios in the older literature (Boring,
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1942) where people would be asked to set one stimulus
in a given sensation ratio to another. The notion of
allowing any numbers to be generated in response
to stimuli, rather than adjusting stimuli to represent
fixed numbers appeared somewhat later (Moskowitz,
1971; Richardson and Ross, 1930; Stevens, 1956). An
important outcome of these studies was the finding
that the resulting psychophysical function generally
conformed to a power law of the following form:

R = kIn (7.1)

or after log transformation:

log(R) = n log(I) + log(k) (7.2)

where R was the response, e.g., perceived loudness
(mean or geometric mean of the data) and I was the
physical stimulus intensity, e.g., sound pressure, and
k was a constant of proportionality that depends upon
the units of measurement. The important characteristic
value of any sensory system was the value for n, the
exponent of the power function or slope of the straight
line in a log–log plot (Stevens, 1957). The validity
of magnitude estimation then came to hang on the
validity of the power law—the methods and resulting
functions formed an internally consistent theoretical
system. Stevens also viewed the method as provid-
ing a direct window into sensation magnitude and did
not question the idea that these numbers generated
by subjects might be biased in some way. However,
the generation of responses is properly viewed as
combining at least two processes, the psychophysical
transformation of energy into conscious sensation and
the application of numbers to those sensations. This
response process was not given due consideration in
the early magnitude estimation work. Responses as
numbers can exhibit nonlinear transformations of sen-
sation (Banks and Coleman, 1981; Curtis et al., 1968)
so the notion of a direct translation from sensation to
ratings is certainly a dangerous oversimplification.

Ratio-type instructions have been applied to other
techniques as well as to magnitude estimation. A his-
torically important psychophysical technique was that
of cross-modality matching, in which the sensation
levels or ratios would be matched in two sensory con-
tinua such as loudness and brightness. One continuum
would be adjusted by the experimenter and the other
by the subject. For example, one would try to make the

brightness of the lights about in the same proportions
as the loudness of the sounds. Stevens (1969) pro-
posed that these experiments could validate the power
law, since the exponents of the cross-modality match-
ing function could be predicted from the exponents
derived from separate scaling experiments. Consider
the following example:

For one sensory attribute (using the log transform,
Eq. (7.2)),

log R1 = n1 log I1 + log k1 (7.3)

and for a second sensory attribute

log R2 = n2 log I2 + log k2 (7.4)

Setting R1 = R2 in cross-modality matching gives

n1 log I1 + log k1 = n2 log I2 + log k2 (7.5)

and rearranging,

log I1 = (n2/n1) log I2 + a constant (7.6)

If one plots log I1 against log I2 from a cross-
modality matching task, the slope of the function can
be predicted from the ratio of the slopes of the individ-
ual exponents (i.e., n2/n1, which you can derive from
two separate magnitude estimation tasks). This predic-
tion holds rather well for a large number of compared
sensory continua (Steven, 1969). However, whether it
actually provides a validation for the power law or
for magnitude estimation has been questioned (e.g.,
Ekman, 1964).

For practical purposes, it is instructive that people
can actually take disparate sensory continua and com-
pare them using some generalized notion of sensory
intensity. This is one of the underpinnings of the use
of a universal scale in the Spectrum descriptive proce-
dure (Meilgaard et al., 2006). In that method, different
attributes are rated on 15-point scales that can (in the-
ory) be meaningfully compared. In other words, a 12
in sweetness is twice as intense a sensation as a 6
in saltiness. Such comparisons seem to makes sense
for tastes and flavors but may not cut across all other
modalities. For example, it might seem less sensible to
compare the rating given for the amount of chocolate
chips in a cookie to the rating given for the cookie’s
hardness—these seem like quite different experiences
to quantify.
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Cross-modality matches have been performed suc-
cessfully with children even down to age 4, using line
length compared to loudness (Teghtsoonian, 1980).
This may have some advantage for those with limited
verbal skills or trouble understanding the numerical
concepts needed for category scales or magnitude esti-
mation. The use of line length points out that the line-
marking technique might be considered one form of
a cross-modality matching scale. Some continua may
seem simpler, easier, or more “natural” to be matched
(for example, hand grip force to perceived strength of
tooth pain). King (1986) matched the pitches of tones
to concentrations of benzaldehyde and Ward (1986)
used duration as a matching continuum for loudness
and brightness. One of the advantages of the cross-
modality matching procedure is that it is possible to
specify the intensity of a sensation in physical units,
i.e., as a physical level on the other continuum. So
sweetness, for example, could be represented in a
decibel (sound pressure) equivalent. In one amusing
variation on this idea, Lindvall and Svensson (1974)
used hedonic matching to specify the unpleasantness
of combustion toilet fumes to different levels of H2S
gas that were sniffed from an olfactometer. Thus the
lucky participant could dial up a concentration that
was perceived as being equally as offensive as the test
samples.

If line marking can be considered a kind of cross-
modality match, then why not the numbers them-
selves? It should be possible to cross-reference one
continuum to another simply through instructions to
use a common response scale. Stevens and Marks
(1980) developed the technique of magnitude matching
to do just that (see also Marks et al., 1992). Subjects
were instructed to judge loudness and brightness on
a common scale of intensity so that if a sound had
the same sensory impact as the brightness of a light,
then the stimuli would be given the same number. This
type of cross-referencing should facilitate comparisons
among people. For example, if it can be assumed that
two people have the same response to salt taste or
to loudness of tones, then differences in some other
continuum like bitter taste, hot chili pepper intensity,
or a potential olfactory loss can be cross-referenced
through salty taste or through loudness of tones they
have rated in magnitude matching (e.g., Gent and
Bartoshuk, 1983). Furthermore, if numbers can pro-
vide a cross-referencing continuum, then why not scale
the word phrases used as anchor points on a category

or line scale? The idea of scaling word phrases takes
shape in the labeled magnitude scales discussed next.

7.5.2 Category–Ratio (Labeled
Magnitude) Scales

A group of hybrid techniques for scaling has recently
enjoyed some popularity in the study of taste and
smell, for hedonic measurement and other applica-
tions. One of the problems with magnitude estimation
data is that it does not tell in any absolute sense
whether sensations are weak or strong, only giving the
ratios among them. This group of scales attempts to
provide ratio information, but combines it with com-
mon verbal descriptors along a line scale to provide
a simple frame of reference. They are referred to as
category–ratio scales, or more recently, labeled mag-
nitude scales. They all involve a horizontal or vertical
line with deliberately spaced labels and the panelists’
task is to make a mark somewhere along the line to
indicate the strength of their perception or strength of
their likes or dislikes. In general, these labeled line
scales give data that are consistent with those from
magnitude estimation (Green et al., 1993). An unusual
characteristic of these scales is the verbal high end-
anchor phrase, which often refers to the “strongest
imaginable.”

The technique is based on early work by Borg and
colleagues, primarily in the realm of perceived physi-
cal exertion (Borg, 1982, 1990; see Green et al., 1993).
In developing this scale, Borg assumed that the seman-
tic descriptors could be placed on a ratio scale and
that they defined the level of perceptual intensity and
that all individuals experienced the same perceptual
range. Borg suggested that for perceived exertion, the
maximal sensation is roughly equivalent across people
for this sensory “modality” (Marks et al., 1983). For
example, it is conceivable that riding a bicycle to the
point of physical exhaustion produces a similar sensory
experience for most people. So the scale came to have
the highest label referring to the strongest sensation
imaginable.

This led to the development of the labeled mag-
nitude scale (LMS) shown in Fig. 7.4. It is truly a
hybrid method since the response is a vertical line-
marking task but verbal anchors are spaced according
to calibration using ratio-scaling instructions (Green
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LMS

Barely detectable
Weak

Moderate

Strong

Very strong

Strongest imaginable (95.5)

(50.12)

(33.1)

(16.2)

(5.8)

(1.4)

Fig. 7.4 The labeled magnitude scale (LMS) of Green et al.
(1993).

et al., 1993). In setting up the scale, Green and col-
leagues had subjects provide magnitude estimates of
different verbal descriptors after giving magnitude
estimates of familiar oral sensations (e.g., the bitter-
ness of celery, the burn of cinnamon gum). These
results were generally in line with previous scaling of
verbal descriptors, so-called semantic scaling. Other
researchers have developed scales with only direct
scaling of the verbal descriptors and have not always
included a list of everyday or common experiences
(Cardello et al., 2003; Gracely et al., 1978a, b).

After the introduction of the LMS, a number of
researchers tried to extend this approach into the realm
of hedonics (measuring food acceptability). A widely
used scale is the labeled affective magnitude (LAM)
scale developed by Schutz and Cardello (2001). They
used direct ratio scaling of the verbal descriptors of
the 9-point hedonic scale and included Borg’s type
of high (and low) end anchor (“greatest imaginable
like/dislike”). The scale is shown in Fig. 7.5. This
shows some advantages in differentiating well-liked
items (El Dine and Olabi, 2009; Greene et al., 2006;
Schutz and Cardello, 2001), although that finding
is not universal (Lawless et al., 2010a). The LAM
scale or similar versions of it have been applied in
a variety of studies with different foods (Chung and
Vickers, 2007a, b; El Dine and Olabi, 2009; Forde and
Delahunty, 2004; Hein et al., 2008; Keskitalo et al.,

2007; Lawless et al., 2010a, b, c). A growing number
of similar scales have been developed for various appli-
cations including oral pleasantness/unpleasantness (the
“OPUS” scale, Guest et al., 2007), perceived satiety
(the “SLIM” scale, Cardello et al., 2005), clothing fab-
ric comfort (the “CALM” scale, Cardello et al., 2003),
and odor dissimilarity (Kurtz et al., 2000). All of these
scales depend upon a ratio scaling task to determine
the spacing of the verbal descriptors and almost all use
a Borg-type high end-anchor phrase. Others will surely
be developed.

Instructions to participants have differed in the use
of these scales. In the first application of the LMS,
Green et al. (1993) instructed subjects to first choose
the most appropriate verbal descriptor, and then to
“fine tune” their judgment by placing a mark on the
line between that descriptor and the next most appro-
priate one. In current practice less emphasis may be
placed on the consideration of the verbal labels and
instructions may be given to simply make a mark “any-
where” on the line. A common observation with the
hedonic versions of the scale is that some panelists will
mark at or very near a verbal descriptor, seeming to use
it as a category scale (Cardello et al., 2008; Lawless
et al., 2010a). The proportion of people displaying this
behavior may depend upon the physical length of the
line (and not the instructions or examples that may be
shown) (Lawless et al., 2010b).

Results may depend in part on the nature of the high
end-anchor example and the frame of reference of the
subject in terms of the sensory modality they are think-
ing about. Green et al. (1996) studied the application
of the LMS to taste and odor, using descriptors for
the upper bound as “strongest imaginable” taste, smell,
sweetness, etc. Steeper functions (a smaller response
range) were obtained when mentioning individual taste
qualities. This appears to be due to the omission of
painful experiences (e.g., the “burn of hot peppers”)
from the frame of reference when sensations were
scaled relative to only taste. The steepening of the
functions for the truncated frame of reference is con-
sistent with the idea that subjects expanded their range
of numbers as seen in other scaling experiments (e.g.,
Lawless and Malone, 1986b). The fact that subjects
appear to adjust their perceptual range depending on
instructions or frame of reference suggests that the
scales have relative and not absolute properties, like
most other scaling methods. Cardello et al. (2008)
showed that the hedonic version of the scale (the LAM
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Fig. 7.5 Affective labeled
magnitude scales, including
the LAM scale (Cardello and
Schutz, 2004) and the OPUS
scale (Guest et al., 2007).

scale) will also show such range effects. A compressed
range of responses is obtained when the frame of
reference is greatest imaginable like (dislike) for an
“experience of any kind” rather than something more
delimited like “foods and beverages.” Apparently the
compression is not very detrimental to the ability of the
LAM scale to differentiate products (Cardello et al.,
2008, but see also Lawless et al., 2010a).

Is this a suitable method for cross-subject com-
parisons? To the extent that Borg’s assumptions of
common perceptual range and the similarity of the
high end-anchor experience among people are true,
the method might provide one approach to valid
comparisons of the ratings among different respon-
dents. This would facilitate comparisons of clinical
groups or patients with sensory disorders or genetically
different individuals such as anosmics, PTC/PROP
taster groups. Bartoshuk and colleagues (1999, 2003,

2004a, b, 2006) have argued that the labeled magnitude
scales should anchor their endpoints to “sensations
of any kind” as such a reference experience would
allow different individuals to use the scale in similar
ways/and thus facilitate inter-individual comparisons.
Scales with this kind of high end anchor have been
termed “generalized” labeled magnitude scales (or
gLMS). However, the sensory evaluation practitioner
should be aware of the compression effects that can
occur with this kind of scale, which could potentially
lead to lessened differentiation among products.

7.5.3 Adjustable Rating Techniques:
Relative Scaling

A few methods have been tried that allow consumers
or panelists to change their ratings. An example is
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the “rank-rating” technique developed by O’Mahony,
Kim, and colleagues (Kim and O’Mahony, 1998; Lee
et al., 2001; O’Mahony et al., 2004; Park et al., 2004).
In this method, the consumer has a visual scale in front
of him or her on the table and after tasting a sample is
instructed to physically place the sample on the scale.
Subsequent samples are also tasted and placed and the
important feature is that the consumer can change the
position of any previous item based on their perception
of the new sample(s). This procedure has relatively lit-
tle to do with rank ordering per se (in fact ties can be
allowed). Cordinnier and Delwiche (2008) chose the
more descriptive name of “positional relative rating”
for this technique.

O’Mahony and Kim examined the efficiency of this
technique, mostly in simple salt solutions, on the basis
of people’s ordering of salt solutions in increasing con-
centrations (Kim and O’Mahony, 1998; Park et al.,
2004). The important data were “reversals” in which
a higher concentration was rated lower than a lower
one, and vice versa. A good scale would minimize
the amount of reversals. Given this criterion, the rank-
rating has fewer errors than non-adjustable ratings. At
this point it is not clear whether this apparent advan-
tage arises because people are allowed to re-taste, or
that they are allowed to re-position previously tasted
items. Both factors may be important. There is some
evidence that adjustable ratings can produce statisti-
cally significant ratings with fewer subjects, but the
procedure can take up to twice as long as normal rat-
ings. A limitation of this technique is that only one
attribute can be evaluated at a time. If a second or
third attribute is needed, the procedure starts over. This
may be acceptable for consumer like/dislike ratings
(O’Mahony et al., 2004), but would not be suitable for
a descriptive analysis task. The option to change pre-
vious ratings is an interesting notion and is allowed by
some of the sensory data-collection software packages
at this time. Whether the option is advantageous should
be the subject of further study. Re-tasting (Koo et al.,
2002; Lee et al., 2001) is a potentially important fea-
ture of this method, and should be evaluated separately,
and in consideration of the extra adaptation, fatigue, or
carryover that could occur with some products.

A completely relative rating procedure is the
method of Gay and Mead (Gay and Mead, 1992; Mead
and Gay, 1995). In this task, a panelist inspects the
entire set of samples and places the most intense (or
most liked) at the top end of the scale and the least

intense (or least liked) at the bottom. All other samples
are distributed along the full scale. This can provide
good differentiation of the products, but obviously any
absolute information about what is weak or strong,
liked or disliked, is lost (as is the case with magnitude
estimation). Because all the ratings are truly relative,
contextual effects such as contrast might be expected to
be larger with such a technique, but this is not known.

Another relative scaling method is when panelists
purposely rate each sample relative to a reference item,
which is usually marked on the center of the response
scale. Relative-to-reference scaling was studied by
Larson-Powers and Pangborn (1978) and compared to
traditional scaling for the descriptive profiling of bev-
erages and gelatins. Significant differences were found
with the relative scale (“anchored” in their terms)
in 22.8% of all possible comparisons as compared
with 19.5% of comparisons using the unanchored
scale. However, panelists were given the relative scale
first, and more practice using that scale. In an exten-
sive study of both trained and untrained respondents,
Stoer and Lawless (1993) found a similar advantage,
with 33% of all possible comparisons were signifi-
cant for the relative scaling versus 27% for traditional
scaling. However, this was not a statistically signif-
icant increase based on meta-analytic comparisons
(Rosenthal, 1987). The relative-to-reference scale was
also discussed by Land and Shepard (1984), who noted
that it facilitates comparisons across occasions that
would be otherwise difficult to make. They also warn
that the choice of standard may have an effect on
the scaling functions that result. The task is certainly
easy for subjects and was touted by Land and Shepard
as showing “good reproducibility” (see also Mahoney
et al., 1957). Whether the method offers any consis-
tent advantage over traditional scaling is questionable.
It may be useful in situations where comparison to a
reference is a natural feature or explicit objective of
the experiment at hand, for example in quality control
or shelf life studies where an identified control sample
is used as a baseline for comparison.

7.5.4 Ranking

Another alternative to traditional scaling is the use
of ranking procedures. Ranking is simply ordering
the products from weakest to strongest on the stated
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attribute or from least liked to most liked for consumer
acceptance testing. Ranking has the advantages of sim-
plicity in instructions to subjects, simplicity in data
handling, and minimal assumptions about level of mea-
surement since the data are treated as ordinal. Although
ranking tests are most often applied to hedonic data,
they are also applicable to questions of sensory inten-
sity. When asked to rank items for the intensity of a
specific attribute, e.g., the sourness of taste of several
fruit juices, for example, the ranking test is merely
an extension of a paired comparison procedure into
more than two products. Due to its simplicity, rank-
ing may be an appropriate choice in situations where
participants would have difficulty understanding scal-
ing instructions. In working with non-literates, young
children, across cultural boundaries or in linguistically
challenging situations, ranking is worth considering
(Coetzee and Taylor, 1996). This is especially true if
decisions are likely to be very simple, e.g., whether
or not two juice samples differ in perceived sour-
ness. Ranking may allow differentiation of products
that are all similar in acceptability. With medications,
for example, all formulas may be to some degree
unpalatable. It might be useful then to use ranking in
choosing alternative flavorings in order to find the least
offensive.

Analysis of ranked data is straightforward. Simple
rank-sum statistics can be found in the tables pub-
lished by Basker (1988) and Newell and MacFarlane
(1987, see also Table J). Another very sensitive test
of differences in ranked data is the Friedman test,
also known as the “analysis of variance on ranks.”
These are discussed in Appendix B. The tests are rapid,
straightforward, and easy to perform. It is also possible
to convert other data to rankings. This is a conservative
approach if the interval nature of the data is in ques-
tion or when violations of statistical assumptions such
as the normality of the data are suspect. For exam-
ple, Pokorńy et al. (1986) used ranking analysis of
line-marking data to compare the profiles of different
raspberry beverages sweetened with aspartame.

7.5.5 Indirect Scales

A conservative approach to scaling is to use the vari-
ance in the data as units of measurement, rather than
the numbers taken at face value. For example, we could

ask how many standard deviations apart are the mean
values for two products. This is a different approach
to measurement than simply asking how many scale
units separate the means on the response scale. On
a 9-point scale, one product may receive mean rat-
ing of seven, and another nine, making the difference
two scale units. If the pooled standard deviation is two
units, however, they would only be one unit apart on
a variability-based scale. As one example, Conner and
Booth (1988) used both the slope and the variance of
functions from just-right scales to derive a “tolerance
discrimination ratio.” This ratio represents a measure
of the degree of difference along a physical contin-
uum (such as concentration of sugar in lime drink) that
observers find to make a meaningful change in their
ratings of difference-from-ideal (or just-right). This is
analogous to finding the size of a just-noticeable differ-
ence, but translated into the realm of hedonic scaling.
Their insight was that it is not only the slope of the
line that is important in determining this tolerance or
liking-discrimination function, but also the variance
around that function.

Variability-based scales are the basis for scal-
ing in Thurstone’s models for comparative judgment
(Thurstone, 1927) and its extension into determin-
ing distances between category boundaries (Edwards,
1952). Since the scale values can be found from choice
experiments as well as rating experiments, the tech-
nique is quite flexible. How this type of scaling can
be applied to rating data is discussed below in the
derivation of the 9-point hedonic scale words. When
the scale values are derived from a choice method like
the triangle test or paired comparison method, this is
sometimes called “indirect scaling” (Baird and Noma,
1978; Jones, 1974). The basic operation in Thurstonian
scaling of choice data is to convert the proportion cor-
rect in a choice experiment (or simply the proportions
in a two-tailed test like paired preference) to Z-scores.
The exact derivation depends upon the type of test
(e.g., triangle versus 3-AFC) and the cognitive strat-
egy used by the subject. Tables for Thurstonian scale
values from various tests such as the triangle test were
given by Frijters et al. (1980) and Bi (2006) and some
tables are given in the Appendix. Mathematical details
of Thurstonian scaling are discussed in Chapter 5.

Deriving measures of sensory differences in such
indirect ways presents several problems in applied sen-
sory evaluation so the method has not been widely
used. The first problem is one of economy in data
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collection. Each difference score is derived from a
separate discrimination experiment such as a paired
comparison test. Thus many subjects must be tested
to get a good estimate of the proportion of choice,
and this yields just one scale value. In direct scaling,
each participant gives at least one data point for each
item tasted. Direct scaling allows for easy comparisons
among multiple products, while the discrimination test
must be done on one pair at a time. Thus the methods
of indirect scaling are not cost-efficient.

A second problem can occur if the products are too
clearly different on the attribute in question, because
then the proportion correct will approach 100%. At
that point the scale value is undefined as they are
some unknown number of standard deviations apart.
So the method only works when there are small dif-
ferences and some confusability of the items. In a
study of many products, however, it is sometimes pos-
sible to compare only adjacent or similar items, e.g.,
products that differ in small degrees of some ingredi-
ent or process variable. This approach was taken by
Yamaguchi (1967) in examining the synergistic taste
combination of monosodium glutamate and disodium
5′ inosinate. Many different levels of the two ingredi-
ents were tasted, but because the differences between
some levels were quite apparent, an incomplete design
was used in which only three adjacent levels were
compared.

Other applications have also used this notion of
variability as a yardstick for sensory difference or sen-
sation intensity. The original approach of Fechner in
constructing a psychophysical function was to accu-
mulate the difference thresholds or just-noticeable dif-
ferences (JNDs) in order to construct the log function
of psychophysical sensory intensity (Boring, 1942;
Jones, 1974). McBride (1983a, b) examined whether
JND-based scales might give similar results to cate-
gory scales for taste intensity. Both types of scaling
yielded similar results, perhaps not surprising since
both tend to conform to log functions. In a study of
children’s preferences for different odors Engen (1974)
used a paired preference paradigm, which was well
suited to the abilities of young children to respond in a
judgment task. He then converted the paired preference
proportions to Thurstonian scale values via Z-scores
and was able to show that the hedonic range of children
was smaller than that of adults.

Another example of choice data that can be con-
verted to scale values is best–worst scaling, in which

a consumer is asked to choose the best liked and least
liked samples from a set of three or more items (Jaeger
et al., 2008). With three products, it can be considered a
form of a ranking task. When applied to sensory inten-
sity, this is sometimes known as maximum-difference
or “max-diff.” Best–worst scaling is also discussed in
Section 13.7. Simple difference scores may be calcu-
lated based on the number of times an item is called
best versus worst and these scores are supposed to have
interval properties. If a multinomial logistic regression
is performed on the data, they are theorized to have true
ratio properties (Finn and Louviere, 1992). A practi-
cal problem with the method, however, is that so many
products must be tasted and compared, rendering it
difficult to perform with foods (Jaeger and Cardello,
2009).

The sensory professional should bear in mind that
in spite of their theoretical sophistication, the indirect
methods are based on variability as the main deter-
minant of degree of difference. Thus any influence,
which increases variability, will tend to decrease the
measured differences among products. In the well-
controlled psychophysical experiment under constant
standard conditions across sessions and days, this may
not be important—the primary variability lies in the
resolving power of the participant (and secondarily
in the sample products). But in drawing conclusions
across different days, batches, panels, factories, and
such, one has a less pure situation to consider. Whether
one considers the Thurstonian-type indirect measures
comparable across different conditions depends upon
the control of extraneous variation.

7.6 Comparing Methods: What is a Good
Scale?

A large number of empirical studies have been
conducted comparing the results using different
scaling methods (e.g., Birnbaum, 1982; Giovanni and
Pangborn, 1983; Hein et al., 2008; Jaeger and Cardello,
2009; Lawless and Malone, 1986a, b; Lawless et al.,
2010a; Marks et al., 1983; Moskowitz and Sidel, 1971;
Pearce et al., 1986; Piggot and Harper, 1975; Shand
et al., 1985; Vickers, 1983; Villanueva and Da Silva,
2009; Villanueva et al., 2005). Because scaling data are
often used to identify differences between products,
the ability to detect differences is one important
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practical criterion for how useful a scaling method
can be (Moskowitz and Sidel, 1971). A related crite-
rion is the degree of error variance or similar measures
such as size of standard deviations or coefficients of
variation. Obviously, a scaling method with low inter-
individual variability will result in more sensitive tests,
more significant differences, and lower risk of Type II
error (missing a true difference). A related issue is the
reliability of the procedure. Similar results should be
obtained upon repeated experimentation.

Other practical considerations are important as well.
The task should be user friendly and easy to understand
for all participants. Ideally, the method should be appli-
cable to a wide range of products and questions, so that
the respondent is not confused by changes in response
type over a long ballot or questionnaire. If panelists
are familiar with one scale type and are using it effec-
tively, there may be some liability in trying to introduce
a new or unfamiliar method. Some methods, like cate-
gory scales, line scales, and magnitude estimation, can
be applied to both intensity and hedonic (like–dislike)
responses. The amount of time required to code, tab-
ulate and process the information may be a concern,
depending upon computer-assisted data collection and
other resources available to the experimenters.

As in any method, validity or accuracy are also
issues. Validity can only be judged by reference to
some external criterion. For hedonic scaling, one might
want the method to correspond to other behaviors such
as choice or consumption (Lawless et al., 2010a). A
related criterion is the ability of the scale to identify or
uncover consumer segments with different preferences
(Villanueva and Da Silva, 2009).

Given these practical considerations, we may then
ask how the different scaling methods fare. Most
published studies have found about equal sensitivity
for the different scaling methods, provided that the
methods are applied in a reasonable manner. For exam-
ple, Lawless and Malone (1986a, b) performed an
extensive series of studies (over 20,000 judgments)
with consumers in central location tests using differ-
ent sensory continua including olfaction, tactile, and
visual modalities. They compared line scales, magni-
tude estimation, and category scales. Using the degree
of statistical differentiation among products as the cri-
terion for utility of the methods, the scales performed
about equally well. A similar conclusion was reached
by Shand et al. (1985) for trained panelists. There

was some small tendency for magnitude estimation
to be marginally more variable in the hands of con-
sumers as opposed to college students (Lawless and
Malone, 1986b). Statistical differentiation increased
over replicates, as would be expected as people came
to understand the range of items to be judged (see Hein
et al., 2008, for another example of improvement over
replication in hedonic scaling). Similar findings for
magnitude estimation and category scales in terms of
product differentiation were found by Moskowitz and
Sidel (1971), Pearce et al. (1986), Shand et al. (1985),
and Vickers (1983) although the forms of the mathe-
matical relations to underlying physical variables was
often different (Piggot and Harper, 1975). In other
words, as found by Stevens and Galanter (1957) there
is often a curvilinear relationship between the data
from the two methods. However, this has not been
universally observed and sometimes simple linear rela-
tionships have been found (Vickers, 1983). Similar
results for category scales and line scales were found
by Mattes and Lawless (1985).

Taken together, these empirical studies paint a pic-
ture of much more parity among methods than one
might suppose given the number of arguments over the
validity of scaling methods in the psychological lit-
erature. With reasonable spacing of the products and
some familiarization with the range to be expected,
respondents will distribute their judgments across the
available scale range and use the scale appropriately
to differentiate the products. A reasonable summary of
the literature comparing scale types is that they work
about equally well to differentiate products, given a
few sensible precautions.

7.7 Issues

7.7.1 “Do People Make Relative
Judgments” Should They See Their
Previous Ratings?

Baten’s (1946) report of an advantage for the line
scale is illustrative of how observant many researchers
were in the older literature. He noted that a category
scale with labeled alternatives might help some judges,
but could hinder others by limiting the alternative
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responses (i.e., judgments that might fall in-between
categories). The line scale offers a continuously graded
choice of alternatives, limited only by the measurement
abilities in data tabulation. Baten also noted that the
line scale seemed to facilitate a relative comparison
among the products. This was probably due to his
placement of the scales one above the other on the bal-
lot, so judges could see both markings at the same time.
In order to minimize such contextual effects it is now
more common to remove the prior ratings for products
to achieve a more independent judgment of the prod-
ucts. However, whether that is ever achieved in practice
is open to question—humans are naturally compara-
tive when asked to evaluate items, as discussed in
Chapter 9. Furthermore, there may be potential for
increased discrimination in methods like the rela-
tive positioning technique. The naturally comparative
nature of human judgment may be something we could
benefit from rather than trying to fight this tendency by
over-calibration.

7.7.2 Should Category Rating Scales Be
Assigned Integer Numbers in Data
Tabulation? Are They Interval
Scales?

There is also a strong suspicion that many numeri-
cal scaling methods may produce only ordinal data,
because the spacing between alternatives is not subjec-
tively equal. A good example is the common market-
ing research scale of “excellent—very good—good—
fair—poor.” The subjective spacing between these
adjectives is quite uneven. The difference between two
products rated good and very good is a much smaller
difference than that between products rated fair and
poor. However, in analysis we are often tempted to
assigned numbers one through five to these categories
and take means and perform statistics as if the assigned
numbers reflected equal spacing. This is a pretense at
best. A reasonable analysis of the 5-point excellent to
poor scale is simply to count the number of respon-
dents in each category and to compare frequencies.
Sensory scientists should not assume that any scale has
interval properties in spite of how easy it is to tabulate
data as an integer series.

7.7.3 Is Magnitude Estimation a Ratio
Scale or Simply a Scale with Ratio
Instructions?

In magnitude estimation, subjects are instructed to use
numbers to reflect the relative proportions between
the intensities experienced from different stimuli. A
beverage that is twice as sweet as another should
be given a response number that is twice as large.
S. S. Stevens felt that these numbers were accurate
reflections of the experience, and so the scale had
ratio properties. This assumed a linear relationship
between the subjective stimulus intensities (sensations
or percepts) and the numerical responses. However,
there is a wealth of information showing that the pro-
cess of numerical assignment is prone to a series of
contextual and number usage biases that strongly ques-
tion whether this process is linear (Poulton, 1989).
So Stevens’ original view of accepting the numeri-
cal reporting as having face validity seems misplaced.
Although it would be advantageous to achieve a level
of measurement that did allow conclusions about pro-
portions and ratios (“this is liked twice as much as
that”), this seems not fully justified at this time. It is
important to differentiate between a method that has
ratio-type instructions, and one that yields a true ratio
scale of sensation magnitude, where the numbers actu-
ally reflect proportions between intensities of sensory
experiences.

7.7.4 What is a “Valid” Scale?

An ongoing issue in psychophysics is what kind of
scale is a true reflection of the subject’s actual sen-
sations? From this perspective, a scale is valid when
the numbers generated reflect a linear translation of
subjective intensity (the private experience). It is well
established that category scales and magnitude esti-
mates, when given to the same stimuli, will form a
curve when plotted against one another (Stevens and
Galanter, 1957). Because this is not a linear relation-
ship, one method or the other must result from a
non-linear translation of the subjective intensities of
the stimuli. Therefore, by this criterion, at least one
scale must be “invalid.”
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Anderson (1974, 1977) proposed a functional mea-
surement theory to address this issue. In a typical
experiment, he would ask subjects to do some kind
of combination task, like judging the total combined
intensity of two separately presented items (or the aver-
age lightness of two gray swatches). He would set up
a factorial design in which every level of one stimu-
lus was combined with every level of the other (i.e., a
complete block). When plotting the response, a family
of lines would be seen when the first stimulus contin-
uum formed the X-axis and the second formed a family
of lines. Anderson argued that only when the response
combination rule was additive, and the response output
function was linear, would a parallel plot be obtained
(i.e., there would be no significant interaction term in
ANOVA). This argument is illustrated in Fig. 7.6. In
his studies using simple line and category scales, par-
allelism was obtained in a number of studies, and thus
he reasoned that magnitude estimation was invalid by
this criterion. If magnitude estimation is invalid, then
its derivatives such as the LMS and LAM scales are
similarly suspect.
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Fig. 7.6 The functional measurement scheme of Anderson
(1974).

Others have found support for the validity of mag-
nitude estimation in studies of binaural loudness sum-
mation (Marks, 1978). This argument continues and
is difficult to resolve. A review of the matter was
published by Gescheider (1988). For the purposes of
sensory evaluation, the issue is not terribly important
for two reasons. First, any scale that produces statisti-
cally significant differentiation of products is a useful
scale. Second, the physical ranges over which category
scaling and magnitude estimation produce different
results is usually quite large in any psychophysical
study. In most product tests, the differences are much
more subtle and generally do not span such a wide
dynamic range. The issue dissolves from any practical
perspective.

7.8 Conclusions

Much sound and fury has been generated over the years
in the psychophysical literature concerning what meth-
ods yield valid scales. For the sensory practitioner,
these issues are less relevant because the scale val-
ues do not generally have any absolute meaning. They
are only convenient indices of the relative intensities
or appeal of different products. The degree of differ-
ence may be a useful piece of information, but often
we are simply interested in which product is stronger
or weaker in some attribute, and whether the differ-
ence is both statistically significant and practically
meaningful.

Scaling provides a quick and useful way to get
intensity or liking information. In the case of descrip-
tive analysis, scaling allows collection of quantitative
data on multiple attributes. The degree of variability or
noise in the system is, to a large part, determined by
whether the panelists have a common frame of refer-
ence. Thus reference standards for both the attribute
terms and for the intensity anchors are useful. Of
course, with consumer evaluations or a psychophysical
study such calibration is not possible and usually not
desired. The variability of consumer responses should
offer a note of caution in the interpretation of consumer
scaling data.

Students and sensory practitioners should exam-
ine their scaling methods with a critical eye. Not
every task that assigns numbers will have useful scale
properties like equal intervals. Bad examples abound
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in the commodity grading (quality scoring) literature
(Pangborn and Dunkley, 1964). For example, different
numbers may be assigned to different levels of oxida-
tion, but that is scoring a physical condition based on
inferences from sensory experience. It is not a report of
the intensity of some experience itself. It is not track-
ing changes along a single perceptual continuum in the
psychophysical sense. Scoring is not scaling.

All hedonic scales seem to measure what they are
intended to measure rather effectively, as long as no gross
mistakes are made (Peryam, 1989, p. 23).

Appendix 1: Derivation
of Thurstonian-Scale Values
for the 9-Point Scale

The choice of adjective words for the 9-point hedonic
scale is a good example of how carefully a scale can
be constructed. The long-standing track record of this
tool demonstrates its utility and wide applicability in
consumer testing. However, few sensory practitioners
actually know how the adjectives were found and what
criteria were brought to bear in selecting these descrip-
tors (slightly, moderately, very much, and extremely
like/dislike) from a larger pool of possible words. The
goal of this section is to provide a shorthand descrip-
tion of the criteria and mathematical method used to
select the words for this scale.

One concern was the degree to which the term
had consensual meaning in the population. The most
serious concern was when a candidate word had an
ambiguous or double meaning across the population.
For example, the word “average” suggests an interme-
diate response to some people, but in the original study
by Jones and Thurstone (1955) there were a group of
people who equated it with “like moderately” perhaps
since an average product in those days was one that
people would like. These days, one can think of nega-
tive connotations to the word “average” as in “he was
only an average student.” Other ambiguous or bimodal
terms were “like not so much” and “like not so well.”
Ideally, a term should have low variability in meaning,
i.e., a low standard deviation, no bimodality, and lit-
tle skew. Part of this concern with the normality of the
distribution of psychological reactions to a word was
the fact that the developers used Thurstone’s model

for categorical judgment as a means of measuring the
psychological-scale values for the words. This model
is at its most simple form when the items to be scaled
show normal distributions of equal variance.

Which leads us to the numerical method. Jones
and Thurstone modified a procedure used earlier by
Edwards (1952). A description of the process and
results can be found in the paper “Development of
a scale for measuring soldiers’ food preferences”
by Jones et al. (1955). Fifty-one words and phrases
formed the candidate list based on a pilot study with
900 soldiers chosen to be a representative sample of
enlisted personnel. Each phrase was presented on a
form with a rating scale from –4 to +4 with a check off
format. In other words, each person read each phrase
and assigned in an integer value from –4 to +4 (includ-
ing zero as an option). This method would seem to
presume that these integers were themselves an inter-
val scale of psychological magnitude, an assumption
that to our knowledge has never been questioned.

Of course, the mean scale values could now
be assigned on a simple and direct basis, but the
Thurstonian methods do not use the raw numbers as
the scale, but transform them to use standard devia-
tions as the units of measurement. So the scale needs
to be converted to Z-score values. The exact steps are
as follows:

1. Accumulate frequency counts for all the tested
words across the –4 to + 4 scale. Think of these
categories as little “buckets” into which judgments
have been tossed.

2. Find the marginal proportions each value from –4 to
+4 (summed across all test items). Add up the pro-
portions from lowest to highest to get a cumulative
proportion for each bucket.

3. Convert these proportions to z-scores in order to
re-scale the boundaries for the original −4 to +4
cutoffs. Let us call these the “category z-values”
for each of the “buckets.” The top bucket will
have a value of 100%, so it will have no z-score
(undefined/infinite).

4. Next examine each individual item. Sum its individ-
ual proportions across the categories, from where
it is first used until 100% of the responses are
accumulated.

5. Convert the proportions for the item to Z-scores.
Alternatively, you can plot these proportions on
“cumulative probability paper,” a graphing format
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that marks the ordinate in equal standard deviations
units according to the cumulative normal distribu-
tion. Either of these methods will tend to make
the cumulative S-shaped curve for the item into a
straight line. The X-axis value for each point is the
“category z-value” for that bucket.

6. Fit a line to the data and interpolate the 50% point
on the X-axis (the re-scaled category boundary esti-
mates). These interpolated values for the median for
each item now form the new scale values for the
items.

An example of this interpolation is shown in
Fig. 7.7. Three of the phrases used in the original scal-
ing study of Jones and Thurstone (1955) are pictured,
three that were not actually chosen but for which we
have approximate proportions and z-scores from their
figures. The small vertical arrows on the X-axis show
the scale values for the original categories of −4 to
+3 (+4 has cumulative proportion of 100% and thus
the z-score is infinite). Table 7.1 gives the values and

“

“

“

‘

”

”

”

Fig. 7.7 An illustration of the method used to establish spacings
and scale values for the 9-point hedonic scale using Thurstonian
theory. Arrows on the X-axis show the scale points for the
z-scores based on the complete distribution of the original –4
to +4 ratings. The Y-axis shows the actual z-scores based on the
proportion of respondents using that category for each specific
term. Re-plotted from data provided in Jones et al. (1955).

proportions for each phrase and the original categories.
The dashed vertical lines dropped from the intersection
at the zero z-score (50% point) show the approximate
mean values interpolated on the X-axis (i.e., about –1.1
for “do not care for it” and about +2.1 for “preferred.”).
Note that “preferred” and “don’t care for it” have a lin-
ear fit and steep slope, suggesting a normal distribution
and low standard deviation. In contrast, “highly unfa-
vorable” has a lower slope and some curvilinearity,
indicative of higher variability, skew, and/or pockets of
disagreement about the connotation of this term.

The actual scale values for the original adjectives
are shown in Table 7.2, as found with a soldier popu-
lation circa 1950 (Jones et al., 1955). You may note
that the words are not equally spaced, and that the
“slightly” values are closer to the neutral point than
some of the other intervals, and the extreme points are
a little farther out. This bears a good deal of similarity
to the intervals found with the LAM scale as shown in
the column where the LAM values are re-scaled to the
same range as the 9-point Thurstonian Values.

Appendix 2: Construction of Labeled
Magnitude Scales

There are two primary methods for constructing
labeled magnitude scales and they are very similar.
Both require magnitude estimates from the participants
to scale the word phrases used on the lines. In one case,
just the word phrases are scaled, and in the second
method, the word phrases are scaled among a list of
common everyday experiences or sensations that most
people are familiar with. The values obtained by the
simple scaling of just the words will depend upon the
words that are chosen, and extremely high examples
(e.g., greatest imaginable liking for any experience)
will tend to compress the values of the interior phrases
(Cardello et al., 2008). Whether this kind of context
effect will occur for the more general method of scal-
ing amongst common experiences is not known. But
the use of a broad frame of reference could be a
stabilizing factor.

Here is an example of the instructions given to sub-
jects in construction of a labeled affective magnitude
scale. Note that for hedonics, which are a bipolar con-
tinuum with a neutral point, it is necessary to collect
a tone or valence (plus or minus) value as well as the
overall “intensity” rating.
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Table 7.1 Examples of scaled phrases used in Fig. 7.7

Original “Preferred” “Do not care for it” “Highly unfavorable”

category Proportion Z-score Proportion Z-score Proportion Z-score Proportion Z-score

4 1.000 (undef.) 0.80 0.84
3 0.999 3.0 0.50 0.00 0.96 1.75
2 0.983 2.1 0.20 −0.84 0.93 1.48
1 0.882 1.2 0.07 −1.48 0.92 1.41
0 0.616 0.3 0.03 −1.88 0.96 1.75 0.90 1.28

−1 0.383 −0.3 0.83 0.95 0.86 1.08
−2 0.185 −0.9 0.55 0.13 0.84 0.99
−3 0.068 −1.5 0.30 −0.52 0.82 0.92
−4 0.008 −2.4 0.14 −1.08 0.46 −0.10

Table 7.2 Actual 9-point
scale phrase values and
comparison to the LAM
values

Scale value
Descriptor (9-point) Interval LAM value LAM rescaled Interval

Like extremely 4.16 74.2 4.20
Like very much 2.91 1.26 56.1 3.18 1.02
Like moderately 1.12 1.79 36.2 2.05 1.13
Like slightly 0.69 0.43 11.2 0.63 1.52
Neither like nor dislike 0.00 0.69 0.0 0.00 0.63
Dislike slightly −0.59 0.59 −10.6 −0.60 0.60
Dislike moderately −1.20 0.61 −31.9 −1.81 1.21
Dislike very much −2.49 1.29 −55.5 −3.14 1.33
Dislike extremely −4.32 1.83 −75.5 −4.28 1.14

Next to each word label a response area appeared
similar to this:

Phrase: Tone: + − 0 How much:
Like extremely __________ _______

Words or phrases are presented in random order.
After reading a word they must decide whether the
word is positive, negative or neutral and place the cor-
responding symbol on the first line. If the hedonic tone
was not a neutral one (zero value), they are instructed
to give a numerical estimate using modulus-free mag-
nitude estimation. The following is a sample of the
instructions taken from Cardello et al. (2008):

After having determined whether the phrase is positive
or negative or neutral and writing the appropriate sym-
bol (+, −, 0) on the first line, you will then assess the
strength or magnitude of the liking or disliking reflected
by the phrase. You will do this by placing a number
on the second blank line (under “How Much”). For the
first phrase that you rate, you can write any number you
want on the line. We suggest you do not use a small
number for this word/phrase. The reason for this is that
subsequent words/phrases may reflect much lower lev-
els of liking or disliking. Aside from this restriction you
can use any numbers you want. For each subsequent

word/phrase your numerical judgment should be made
proportionally and in comparison to the first number. That
is, if you assigned the number 800 to index the strength
of the liking/disliking denoted by the first word/phrase
and the strength of liking/disliking denoted by the second
word/phrase were twice as great, you would assign the
number 1,600. If it were three times as great you would
assign the number 2,400, etc. Similarly, if the second
word/phrase denoted only 1/10 the magnitude of liking
as the first, you would assign it the number 80 and so
forth. If any word/phrase is judged to be “neutral” (zero
(0) on the first line) it should also be given a zero for its
magnitude rating.

In the cased of Cardello et al. (2008), positive and
negative word labels were analyzed separately. Raw
magnitude estimates were equalized for scale range
using the procedure of Lane et al. (1961). All positive
and negative magnitude estimates for a given subject
were multiplied by an individual scaling factor. This
factor was equal to the ratio of the grand geometric
mean (of the absolute value of all nonzero ratings)
across all subjects divided by the geometric mean for
that subject. The geometric mean magnitude estimates
for each phrase were then calculated based on this
range-equated data. These means became the distance
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from the zero point for placement of the phrases along
the scale, usually accompanied by a short cross-hatch
mark at that point.
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