
Chapter 9

Context Effects and Biases in Sensory Judgment

Abstract Human judgments about a sensation or a product are strongly influenced
by items that surround the item of interest, either in space or in time. This chapter
shows how judgments can change as a function of the context within which a prod-
uct is evaluated. Various contextual effects and biases are described and categorized.
Some solutions and courses of action to minimize these biases are presented.

By such general principles of action as these everything looked at, felt, smelt or heard comes to be
located in a more or less definite position relatively to other collateral things either actually
presented or only imagined as possibly there.

— James (1913, p. 342)
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9.1 Introduction: The Relative Nature
of Human Judgment

This chapter will discuss context effects and com-
mon biases that can affect sensory judgments. Context
effects are conditions in which the judgment about a
product, usually a scaled rating, will shift depending
upon factors such as the other products that are evalu-
ated in the same tasting session. A mediocre product
evaluated in the context of some poor-quality items
may seem very good in comparison. Biases refer to
tendencies in judgment in which the response is influ-
enced in some way to be an inaccurate reflection of
the actual sensory experience. In magnitude estima-
tion ratings, for example, people have a tendency to use
numbers that are multiples of 2, 5, and 10, even though
they can use any number or fraction they wish. At the
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end of the chapter, some solutions to these problems
are offered, although a sensory scientist should real-
ize that we can never totally eliminate these factors.
In fact, they are of interest and deserve study on their
own for what they can tell us about human sensory and
cognitive processes.

An axiom of perceptual psychology has it that
humans are very poor absolute measuring instruments
but are very good at comparing things. For example,
we may have difficulty estimating the exact sweetness
level of our coffee, but we have little trouble in telling
whether more sugar has been added to make it sweeter.
The question arises, if people are prone to making
comparisons, how can they give ratings when no com-
parison is requested or specified? For example, when
asked to rate the perceived firmness of a food sample,
how do they judge what is firm versus what is soft?
Obviously, they must either choose a frame of refer-
ence for the range of firmness to be judged or be trained
with explicit reference standards to understand what is
high and low on the response scale. In other words,
they must relate this sensory judgment to other prod-
ucts they have tried. For many items encountered in
everyday life, we have established frames of reference
based on our experiences. We have no trouble forming
an image of a “large mouse running up the trunk of a
small elephant” because we have established frames of
reference for what constitutes the average mouse and
the average elephant. In this case the judgment of large
and small is context dependent. Some people would
argue that all judgments are relative.

This dependence upon a frame of reference in mak-
ing sensory judgments demonstrates the influence of
contextual factors in biasing or changing how prod-
ucts are evaluated. We are always prone to see things
against a background or previous experience and eval-
uate them accordingly. A 40◦ (Fahrenheit) day in
Ithaca, New York, in January seems quite mild against
the background of the northeastern American winter.
However, the same 40◦C temperature will feel quite
cool on an evening in August in the same location.
This principle of frame of reference is the source of
many visual illusions, where the same physical stim-
ulus causes very different perceptual impressions, due
to the context within which it is embedded. Examples
are shown in Fig. 9.1.

A simple demonstration of context is the visual
afterimage effect that gave rise to Emmert’s law
(Boring, 1942). In 1881, Emmert formalized a

A

B

C

Fig. 9.1 Examples of contextual effects from simple visual illu-
sions. (a) The dumbell version of the Muller–Lyer illusion. (b)
The Ebbinghaus illusion. (c) Illusory contours. In this case the
contexts induce the perceptions of shapes.

principle of size constancy based on the following
effect: Stare for about 30 s at a brightly illuminated
colored paper rectangle (it helps to have a small dot
to aid in fixation in the center) about a meter away.
Then shift your gaze to a white sheet on the table in
front of you. You should see the rectangle afterimage in
a complementary color and somewhat smaller in size
as compared to the original colored rectangle. Next,
shift your gaze to a white wall some distance off. The
afterimage will now appear much larger, as the brain
finds a fixed visual angle at greater distance to repre-
sent larger physical objects. Since the mind does not
immediately recognize that the afterimage is just a cre-
ation of the visual sensory system, it projects it at the
distance of the surface upon which it is “seen.” The
more distant frame of reference, then, demands a larger
size perception.

The close link between sensory judgments and con-
text presents problems for anyone who wants to view
ratings as absolute or comparable across different
times, sessions, or settings. Even when the actual sen-
sory impression of two items is the same, we can shift
the frame of reference and change the overt behav-
ior of the person to produce a different response. This
problem (or principle of sensory function) was glossed
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over by early psychophysical scientists. In psycho-
logical terms, they used a simple stimulus–response
(S–R) model, in which response was considered a
direct and unbiased representation of sensory experi-
ences. Certain biases were observed, but it was felt
that suitable experimental controls could minimize or
eliminate them (Birnbaum, 1982; Poulton, 1989).

A more modern view is that there are two or three
distinct processes contributing to ratings. The first is
a psychophysical process by which stimulus energy
is translated into physiological events that result in a
subjective experience of some sensory intensity. The
second, equally important process is the function by
which the subjective experience is translated into the
observed response, i.e., how the percept is translated
onto the rating scale (see Fig. 9.2). Many psychophysi-
cal researchers now consider a “judgment function” to
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Fig. 9.2 Models for sensory-response processes. (a) The sim-
ple stimulus–response model of twentieth-century behavioral
psychology. (b) Two processes are involved in sensation and
response, a psychophysical process and then a response out-
put or a judgment process in which the participant decides
what response to give for that sensation. (c) A more complex
model in which the sensation may be transformed before the
response is generated. It may exist in short-term memory as
an encoded percept, different from the sensation. Contextual
effects of simultaneous or sequential stimuli can influence the
stimulus–response sequence in several ways. Peripheral phys-
iological effects such as adaptation or mixture inhibition may
change the transduction process or other early stages of neural
processing. Other stimuli may give rise to separate percepts that
are integrated into the final response. Contextual factors may
also influence the frame of reference that determines how the
response output function will be applied. In some models, an
additional step allows transformation of the percept into covert
responses that are then translated as a separate step into the overt
response R.

be an important part of the sequence from stimulus to
response (Anderson, 1974, Birnbaum, 1982, McBride
and Anderson, 1990; Schifferstein and Frijters, 1992;
Ward, 1987). This process is also sometimes referred
to as a response output function. A third intermediate
step is the conversion of the raw sensory experience
into some kind of encoded percept, one that is avail-
able to memory for a short time, before the judgment
is made (Fig. 9.2c).

Given this framework, there are several points at
which stimulus context may influence the sensory pro-
cess. First, of course, the actual sensation itself may
change. Many sensory processes involve interaction
effects of simultaneous or sequential influences of mul-
tiple items. An item may be perceived differently due
to the direct influence of one stimulus upon another
that is nearby in time or space. Simultaneous color
contrast is an example in color vision and some types
of inhibitory mixture interactions and masking in taste
and smell are similarly hard wired. Quinine with added
salt is less bitter than quinine tasted alone, due to
the ways that sodium ions inhibit bitterness transduc-
tion. Sensory adaptation weakens the perception of a
stimulus because of what has preceded it. So the psy-
chophysical process itself is altered by the milieu in
which the stimulus is observed, sometimes because of
physical effects (e.g., simple buffering of an acid) or
physiological effects (e.g., neural inhibition causing
mixture suppression) in the peripheral sensory mecha-
nisms. A second point of influence is when the context
shifts the frame of reference for the response output
function. That is, two sensations may have the same
subjective intensity under two conditions, but because
of the way the observer places them along the response
continuum (due to different contexts), they are rated
differently. A number of studies have shown that con-
textual factors such as the distribution of stimuli along
the physical continuum affect primarily (although not
exclusively) the response output function (Mellers and
Birnbaum, 1982, 1983). A third process is sometimes
added in which the sensation itself is translated into
an implicit response or encoded image that may also
be affected by context (Fig. 9.2c). This would pro-
vide another opportunity to influence the process if
contextual factors affect this encoding step.

Contextual change can be viewed as a form of
bias. Bias, in this sense, is a process that causes a
shift or a change in response to a constant sensa-
tion. If one situation is viewed as producing a true



206 9 Context Effects and Biases in Sensory Judgment

and accurate response, then the contextual conditions
that cause shifts away from this accurate response are
“biased.” However, bias need only have a negative
connotation if there is a reason to presume that one
condition of judgment is more accurate than all others.
A broader view is to accept the idea that all judgments
are a function of observing conditions and therefore
all judgments are biased from one another in differ-
ent ways. Fortunately, many of these biases and the
conditions that cause them are predictable and well
understood, and so they can be eliminated or mini-
mized. At the very least, the sensory practitioner needs
to understand how these influences operate so as to
know when to expect changes in judgments and rat-
ings. An important endpoint is the realization that few,
if any, ratings have any absolute meaning. You cannot
say that because a product received a hedonic rating
of 7.0 today, it is better than the product that received a
rating of 6.5 last week. The context may have changed.

9.2 Simple Contrast Effects

By far the most common effect of sensory context
is simple contrast. Any stimulus will be judged as
more intense in the presence of a weaker stimulus
and as less intense in the presence of a stronger stim-
ulus, all other conditions being equal. This effect
is much easier to find and to demonstrate than its
opposite, convergence or assimilation. For example,
an early sensory worker at the Quartermaster Corp.,
Kamenetsky (1957), noticed that the acceptability rat-
ings for foods seemed to depend upon what other foods
were presented during an evaluation session. Poor
foods seemed even worse when preceded by a good
sample. Convergence is more difficult to demonstrate,
although under some conditions a group of items may
seem more similar to each other when they are in the
presence of an item that is very different from that
group (Zellner et al., 2006).

9.2.1 A Little Theory: Adaptation Level

As we noted above, a 40◦ day in January (in New
York) seems a lot warmer than the same temperature in
August. These kinds of effects are predicted Helson’s

theory of adaptation level. Helson (1964) proposed that
we take as a frame of reference the average level of
stimulation that has preceded the item to be evaluated.
The mild temperature in the middle of a hot and humid
summer seems a lot more cool and refreshing than is
the mild temperature after a period of cold and icy
weather. So we refer to our most recent experiences
in evaluating the sensory properties of an item. Helson
went on to elaborate the theory to include both imme-
diate and distant predecessors. That is, he appreciated
the fact that more recent items tend to have a stronger
effect on the adaptation level. Of course, mere refer-
ence to the mean value of experience is not always
sufficient to induce a contrast effect—it is more influ-
ential if the mean value comes to be centered near the
middle of the response scale, an example of a centering
bias, discussed below (Poulton, 1989).

The notion of adaptation, a decrease in respon-
siveness under conditions of constant stimulation, is
a major theme in the literature on sensory processes.
Physiological adaptation or an adjustment to the ambi-
ent level of stimulation is obvious in light/dark adap-
tation in vision. The thermal and tactile senses also
show profound adaptation effects—we become easily
adjusted to the ambient room temperature (as long as it
is not too extreme) and we become unaware of tactile
stimulation from our clothing. So this mean reference
level often passes from consciousness or becomes a
new baseline from which deviations in the environment
become noticeable. Some workers have even suggested
that this improves discrimination—that the difference
threshold is smallest right around the adaptation level
or physiological zero, in keeping with Weber’s law
(McBurney, 1966). Examples of adaptation effects are
discussed in Chapter 2 for the senses of taste and smell.
In the chemical, thermal, and tactile senses, adaptation
is quite profound.

However, we need not invoke the concept of neu-
ral adaptation to a preceding item or a physiological
effect to explain all contrast effects. It may be simply
that more or less extreme stimuli change our frame of
reference or the way in which the stimulus range and
response scales are to be mapped onto one another. The
general principle of context is that human observers
act like measuring instruments that constantly recali-
brate themselves to the experienced frame of reference.
What we think of as a small horse may depend upon
whether the frame of reference includes Clydesdales,
Shetland ponies, or tiny prehistoric equine species. The
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following examples show simple effects of context on
intensity, sensory quality, and hedonics or acceptabil-
ity. Most of these examples are cases of perceptual
contrast or a shift in judgment away from other stimuli
presented in the same session.

9.2.2 Intensity Shifts

Figure 9.3 shows a simple contrast effect of soups
with varying salt levels presented in different contexts
(Lawless, 1983). The central stimulus in the series was
presented either with two lower or two higher concen-
trations of salt added to a low sodium soup. Ratings
of saltiness intensity were made on a simple nine-point
category scale. In the lower context, the central soup
received a higher rating, and in the higher context, it
received a lower rating, analogous to our perception of
a mild day in winter (seemingly warmer) versus a mild
day in summer (seemingly cooler). Note that the shift
is quite dramatic, about two points on the nine-point
scale or close to 25% of scale range.

A simple classroom demonstration can show a simi-
lar shift for the tactile roughness of sandpapers varying
in grit size. In the context of a rougher sample, a
medium sample will be rated lower than it is in the
context of a smoother sample. The effects of simple
contrast are not limited to taste and smell.
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Fig. 9.3 Saltiness ratings of soups with added NaCl. The sam-
ple at 0.25 M was evaluated in two contexts, one with higher
concentrations and one with lower concentrations. The shift is
typical of a simple contrast effect of contrast. Replotted from
Lawless (1983). Copyright ASTM, used with permission.

Contrast effects are not always observed. In some
psychophysical work with long series of stimuli, some
item-to-item correlations have been observed. The
effects of immediately preceding versus remotely pre-
ceding stimuli have been measured and a positive
correlation among adjacent responses in the series was
found. This can be taken as evidence for a type of
assimilation, or underestimation of differences (Ward,
1979, 1987; but see also Schifferstein and Frijters,
1992).

9.2.3 Quality Shifts

Visual examples such as color contrast were well
known to early psychologists like William James:
“Meanwhile it is an undoubted general fact that the
psychical effect of incoming currents does depend on
what other currents may be simultaneously pouring
in. Not only the perceptibility of the object which the
current brings before the mind, but the quality of it
is changed by the other currents.” (1913, p. 25). A
gray line against a yellow background may appear
somewhat bluish, and the same line against a blue
background may seem more yellowish. Paintings of
the renowned artist Josef Albers made excellent use
of color contrast. Similar effects can be observed for
the chemical senses. During a descriptive panel train-
ing period for fragrance evaluation, the terpene aroma
compound dihydromyrcenol was presented among a
set of woody or pine-like reference materials. The pan-
elists complained that the aroma was too citrus-like
to be included among the woody reference materials.
However, when the same odor was placed in the con-
text of citrus reference materials, the same panelists
claimed that it was far too woody and pine-like to be
included among the citrus examples. This contextual
shift is shown in Fig. 9.4. In a citrus context, the item is
rated as more woody in character than when placed in a
woody context. Conversely, ratings for citrus intensity
decrease in the citrus context and increase in the woody
context. The effect is quite robust and is seen whether
or not a rest period is included to undo the poten-
tial effects of sensory adaptation. It even occurs when
the contextual odor follows the target item and judg-
ments are made after both are experienced (Lawless
et al., 1991)! This striking effect is discussed further in
Section 9.2.5.
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Fig. 9.4 Odor quality contrast noted for the ambiguous terpene
aroma compound dihydromyrcenol. In a citrus context, woody
ratings increase and citrus character decreases. In a woody con-
text, the woody ratings decrease. The group using different

scales did not rate citrus and woody character during the con-
textual exposure phase, only overall intensity and pleasantness
were rated. From Lawless et al. (1991) by permission of Oxford
University Press.

Context effects can also alter how items are identi-
fied and characterized. When people categorize speech
sounds, repeated exposure to one type of simple
phoneme changes the category boundary for other
speech sounds. Repeated exposure to the sound of the
phoneme “bah,” which has an early voice onset time,
can shift the phoneme boundary so that speech sounds
near the boundary are more likely classified as “pah”
sounds (a later voice onset) (Eimas and Corbit, 1973).
Boundary-level examples are shifted across the bound-
ary and into the next category. This shift resembles a
kind of contrast effect.

9.2.4 Hedonic Shifts

Changes in the preference or acceptance of foods can
be seen as a function of context. Hedonic contrast
was a well-known effect to early workers in food
acceptance testing (Hanson et al., 1955; Kamenetzky,
1959). An item seems more appealing if it followed

an item of poor quality and less appealing if it fol-
lowed something of better quality. The effect was
known to Beebe-Center (1932), who also attributed
it to Fechner in 1898. This kind of contrast has been
observed for tastes (Riskey et al., 1979; Schifferstein,
1995), odors (Sandusky and Parducci, 1965), and art
(Dolese et al., 2005). Another effect observed in these
kinds of experiments is that a contrasting item causes
other, generally lower rated stimuli to become more
similar or less discriminable, an effect termed conden-
sation (Parker et al., 2002; Zellner et al., 2006;). In
the study by Zellner et al. (2006), pre-exposure to a
good-tasting juice reduced the magnitude of preference
ratings among less appealing juices. Mediocre items
were both worse and more similar.

An example of hedonic shifting was found in a study
on the optimization of the saltiness of tomato juice and
also the sweetness of a fruit beverage using the method
of adjustment (Mattes and Lawless, 1985). When try-
ing to optimize the level of sweetness or saltiness in
this study, subjects worked in two directions. In an
ascending series, they would concentrate a dilute solu-
tion by mixing the beverage with a more concentrated
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version having the same color, aroma, and other flavor
materials (i.e., only sweetness or saltiness was differ-
ent). In a second descending series, they would be
given a very intense sample as the starting point and
then dilute down to their preferred level. This effect
is shown in Fig. 9.5. The adjustment stops too soon
and the discrepancy is remarkable, nearly a concen-
tration range of 2:1. The effect was also robust—it
could not be attributed to sensory adaptation or lack
of discrimination and persisted even when subjects
were financially motivated to try to achieve the same
endpoints in both trials. This is a case of affective con-
trast. When compared to a very sweet or salty starting
point, a somewhat lower item seems just about right,
but when starting with a relatively sour fruit beverage

Fig. 9.5 Optimized concentrations of salt in tomato juice and
sucrose in a fruit beverage. In the trials labeled D, the concentra-
tion was diluted from a concentrated version of the test sample.
In the trials marked A, the concentration was increased from a
dilute version of the test sample. Concentrations of other ingre-
dients were held constant. The contextual shift is consistent with
reaching the apparent optimum too soon as if the apparent opti-
mum was shifted in contrast to the starting point. From Mattes
and Lawless (1985) with permission.

or bland tomato juice, just a little bit of sugar or salt
helps quite a bit. The stopping point contrasts with the
starting material and seems to be better than it would
be perceived in isolation. In an ascending or descend-
ing sequence of products, a change in responses that
happens too soon is called an “error of anticipation.”

9.2.5 Explanations for Contrast

At first glance, one is tempted to seek a physio-
logical explanation for contrast effects, rather than
a psychological or a judgmental one. Certainly sen-
sory adaptation to a series of intense stimuli would
cause any subsequent test item to be rated much lower.
The importance of sensory adaptation in the chemical
senses of taste and smell lends some credence to this
explanation. However, a number of studies have shown
that precautions against sensory adaptation may be
taken, such as sufficient rinsing or time delays between
stimuli and yet the context effects persist (Lawless
et al., 1991; Mattes and Lawless, 1985; Riskey, 1982).
Furthermore, it is difficult to see how sensory adapta-
tion to low-intensity stimuli would cause an increase in
the ratings for a stronger item, as adaptation necessar-
ily causes a decrement in physiological responsiveness
compared to a no-stimulation baseline.

Perhaps the best evidence against a simple adap-
tation explanation for contrast effects is from the
reversed-pair experiments in which the contextual
item follows the to-be-rated target item and there-
fore can have no physiologically adapting effect on
it. This paradigm calls for a judgment of the target
item from memory after the presentation of the con-
textual item, in what has been termed a reversed-pair
procedure (Diehl et al., 1978). Due to the reversed
order, the context effects cannot be blamed on phys-
iological adaptation of receptors, since the contextual
item follows rather than precedes the item to be rated.
Reversed-pair effects are seen for shifts in odor qual-
ity of aroma compounds like dihydromyrcenol and are
only slightly smaller in magnitude than the contex-
tual shift caused when the contextual item comes first
(Lawless et al., 1991). The reversed-pair situation is
also quite capable of causing simple contrast effects
in sensory intensity. A sweetness shift was observed
when a higher or a lower sweetness item was inter-
polated between the tasting and rating (from memory)
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of a normal-strength fruit beverage (Lawless, 1994).
Looking back at Fig. 9.2, it seems more likely that the
effect changes the response function. However, not all
workers in the field agree. In particular, Marks (1994)
has argued that the contextual shifts are much like an
adaptation process and that for auditory stimuli this is a
peripheral event. It is possible that what changes is not
the sensation/experience, but to some encoded version
of the sensation, or to some kind of implicit response,
not yet verbalized. If a person, when rating, is evaluat-
ing some memory trace of the experience, it is possible
that this memory, for example, could be altered.

9.3 Range and Frequency Effects

Two of the most common factors that can affect ratings
are the sensory range of the products to be evaluated
and the frequency with which people use the available
response options. These factors were nicely integrated
into a theory that helped to explain shifts in category
ratings. They are also general tendencies that can affect
just about any ratings or responses.

9.3.1 A Little More Theory: Parducci’s
Range and Frequency Principles

Parducci (1965, 1974) sought to go beyond Helson’s
(1964) simple idea that people respond to the mean
or the average of their sensory experiences in deter-
mining the frame of reference for judgment. Instead,
they asserted that the entire distribution of items in a
psychophysical experiment would influence the judg-
ments of a particular stimulus. If this distribution was
denser (bunched up) at the low ends and a lot of weak
items were presented, product ratings would shift up.
Parducci (1965, 1974) proposed that behavior in a rat-
ing task was a compromise between two principles.
The first was the range principle. Subjects use the cat-
egories to sub-divide the available scale range and will
tend to divide the scale into equal perceptual segments.
The second was the frequency principle. Over many
judgments, people like to use the categories an equal
number of times (Parducci, 1974). Thus it is not only

the average level that is important but also how stim-
uli may be grouped or spaced along the continuum
that would determine how the response scale was used.
Category scaling behavior could be predicted as a com-
promise between the effects of the range and frequency
principles (Parducci and Perrett, 1971).

9.3.2 Range Effects

The range effect has been known for some time, both
in category ratings and other judgments including ratio
scaling (Engen and Levy, 1958; Teghtsoonian and
Teghtsoonian, 1978). When expanding or shrinking the
overall range of products, subjects will map their expe-
riences onto the available categories (Poulton, 1989).
Thus short ranges produce steep psychophysical func-
tions and wide ranges produce flatter functions. An
example of this can be seen in two published exper-
iments on rating scales (Lawless and Malone, 1986a,
b). In these studies, four types of response scales and a
number of visual, tactile, and olfactory continua were
used to compare the abilities of consumers to use the
different scales to differentiate products. In the first
study, the consumers had no trouble in differentiating
the products and so in the second study, the stimuli
were spaced more closely on the physical continua
so that the task would be more challenging. However,
when the experimenters closed the stimuli in, the range
principle took over, and participants used more of the
rating scale than expected. In Fig. 9.6, ratings for
perceived thickness of (stirred) silicone samples are
shown in the wide and narrow stimulus ranges. Note
the steepening of the response function. For the same
one log unit change in physical viscosity, the range of
responses actually doubled from the wide range to the
narrower range.

Another kind of stimulus range effect occurs with
anchor stimuli. Sarris (1967) previously showed a
strong effect of anchor stimuli on the use of rating
scales, unless the anchors were very extreme, at which
point their influence would tend to diminish, as if they
had become irrelevant to the judgmental frame of refer-
ence. Sarris and Parducci (1978) found similar effects
of both single and multiple end anchors that gener-
ally take the form of a contrast effect. For example,
a low anchor stimulus, whether rated or unrated, will
cause stronger stimuli to receive higher ratings than
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Fig. 9.6 A simple range
effect. When products are
presented over a wide range, a
shallow psychophysical
function is found. Over a
narrow range, a steeper
psychophysical function will
be observed. This is in part
due to the tendency of
subjects to map the products
(once known) onto the
available scale range. From
Lawless and Malone (1986b),
with permission.

they would if no anchor were presented, unless the
“anchor” is so extreme as to seem irrelevant. Sarris
and Parducci (1978) provided the following analogy:
A salesman will consider his commissions to be larger
if coworkers receive less than he does. However, he
is unlikely to extend or shift his scale of judgment by
hearing about others who are in an entirely different
bracket of income (1978, p. 39). Whether an outly-
ing product is similar enough to have an influence (or
whether it is a “horse of a different color”) should be
of concern in product comparisons of diverse items.

9.3.3 Frequency Effects

The frequency effect is the tendency of people to try
to use the available response options about the same
number of times across a series of products or stimuli
to be rated. The frequency effect can cause shifts that
look like simple contrast and also a local steepening of
the psychophysical function around points where stim-
uli were closely spaced or very numerous (compared
with less “dense” portions of the stimulus range). The
frequency principle dictates that when judging many
samples, products that are numerous or bunched at
the low or high ends of the distributions tend to be
spread out into neighboring categories. This is illus-
trated in the two panels of Fig. 9.7. The upper panel
shows four hypothetical experiments and how prod-
ucts might be bunched in different parts of the range.
In the upper left panel, we see how a normal replicated
psychophysical experiment would be conducted with

equal presentations of each stimulus level. The com-
mon outcome of such a study using category ratings
would be a simple linear function of the log of stimulus
intensity. However, if the stimulus presentations were
more frequent at the high end of the distribution, i.e.,
negative skew, the upper categories would be overused,
and subjects would begin to distribute their judgments
into lower categories. If the samples were bunched at
the lower end, the lower response categories would
be overused and subjects would begin to move into
higher categories. If the stimuli were bunched in the
midrange, the adjacent categories would be used to
take on some of the middle stimuli, pushing extreme
stimuli into the ends of the response range, as shown
in the panel for a quasi-normal distribution.

Such behavior is relevant to applied testing situa-
tions. For example, in rating the presence of off-flavors
or taints, there may be very few examples of items with
high values on the scale and lots of weak (or zero) sen-
sations. The frequency effect may explain why the low
end of the scale is used less often than anticipated, and
higher mean values are obtained than one would deem
appropriate. Another example is screening a number
of flavor or fragrance candidates for a new product. A
large number of good candidates are sent for testing by
suppliers or a flavor development group. Presumably
these have been pre-tested or at least have received
a favorable opinion from a flavorist or a perfumer.
Why do they then get only mediocre ratings from the
test panel? The high end of the distribution is over-
represented (justifiably so and perhaps on purpose), so
the tendency for the panel is to drop into lower cate-
gories. This may partly explain why in-house testing



212 9 Context Effects and Biases in Sensory Judgment

Rectangular
Distribution

Positive 
Skew

Negative
Skew 

Quasi-
normal
 

N
um

be
r 

of
 S

tim
ul

i P
re

se
nt

ed

Rectangular
Distribution

Positive 
Skew

Negative 
Skew

Quasi-normal
Distribution

Stimulus Intensity (log scale)

P
re

di
ct

ed
 R

at
in

g

Fig. 9.7 Predictions from the Parducci range–frequency the-
ory. Distributions of stimuli that are concentrated at one part of
the perceptual range (upper quartet) will show local steepen-
ing of the psychophysical functions (lower quartet). This is due
to subjects’ tendencies to use categories with equal frequency,
the resulting shifting into adjacent categories from those that are
overused.

panels are sometimes more critical or negative than
consumers when evaluating the same items.

Although the great majority of experiments on
the range and frequency effects have been performed
with simple visual stimuli, there are also examples
from taste evaluation (Lee et al., 2001; Riskey et al.,
1979; Riskey, 1982; Schifferstein and Frijters, 1992;
Vollmecke, 1987). Schifferstein and Frijters found sim-
ilar effects of skewed distributions with line-marking
responses as seen in previous studies with category
ratings. Perhaps line marking is not a response scale
with infinite divisions, but panelists sub-divide the line
into discrete sub-ranges as if they were using a limited

number of zones or categories. The effect of grouping
or spacing products also intensifies as the exposure to
the distributions increases. Lawless (1983) showed that
the shift that occurred with a negative skew (bunch-
ing at the upper end) into lower response categories
would intensify as the exposure to the skewed distri-
bution went from none to a single exposure to three
exposures. Thus the contextual effects do not suddenly
appear but will take hold of the subjects’ behavior as
they gain experience with the sample set.

9.4 Biases

9.4.1 Idiosyncratic Scale Usage
and Number Bias

People appear to have preferred ranges or numbers on
the response scale that they feel comfortable using.
Giovanni and Pangborn (1983) noted that people using
magnitude estimation very often used numbers that
were multiples of 2 and 5 (or obviously 10), an effect
that is well known in the psychophysical literature
(Baird and Noma, 1978). With magnitude estimation,
the idiosyncratic usage of a favorite range of numbers
causes a correlation of the power function exponents
across different sensory continua for an individual
(Jones and Marcus, 1961; Jones and Woskow, 1966).
This correlation can be explained if people are more or
less expansive (versus restrictive) in their response out-
put functions, i.e., in how they apply numbers to their
sensations in magnitude estimation studies. Another
version of such personal idiosyncrasy is the common
observation in time–intensity scaling that people show
a kind of personal “signature” or a characteristic curve
shape (Dijksterhuis, 1993; McGowan and Lee, 2006).

Another version of self-induced response restriction
can be seen when people use only selected portions
of the scale in a line-marking rating task. On a line
scale with verbal labels, people may choose to make
markings only near the verbal labels, rather than dis-
tributing them across the response scale. This was first
observed by Eng (1948) with a simple hedonic line
scale labeled Like Very Highly at one end, Dislike Very
Highly at the other, and Neither Like nor Dislike at the
center. In a group of 40 consumers, 24 used only the
three labeled parts of the scale, and Eng deleted them
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from the data analysis! This kind of behavior was also
noted with the labeled affective magnitude scale (LAM
scale) by Cardello et al. (2008) with both Army labora-
tory and student groups. Lawless et al. (2010a) found
a very high frequency (sometimes above 80%) of peo-
ple making marks within ±2 mm of a phrase mark on
the LAM scale in a multi-city consumer central loca-
tion test. Lawless et al. (2010b) found that instructions
did not seem to change this behavior much but that
expanding the physical size of the scale on the ballot
(from about 120 to 200 mm) decreased the “categor-
ical” behavior somewhat. Categorical rating behavior
can also be seen as a step function in time–intensity
records (rather than a smooth continuous curve).

Finding product differences against the background
of these individual response tendencies can be facil-
itated by within-subject experimental designs. Each
participant is used as his or her own baseline in
comparisons of products, as in dependent t-tests or
repeated measure analysis of variance in complete
block designs. Another approach is to compute a
difference score for a comparison of products in
each individual’s data, rather than merely averaging
across people and looking at differences between mean
values.

9.4.2 Poulton’s Classifications

Poulton (1989) published extensively on biases in rat-
ings and classified them. Biases in Poulton’s system
go beyond Parducci’s theory but are documented in
the psychophysical literature. These include centering
biases, contraction biases, logarithmic response bias
with numerical ratings, and a general transfer bias that
is seen when subjects carry the context from a previous
session or study into a new experiment. The centering
bias is especially relevant to just-right scales and is dis-
cussed in a later section. The response range bias is
also a special case and follows this section.

The contraction biases are all forms of assimila-
tion, the opposite of contrast. According to Poulton,
people may rate a stimulus relative to a reference
or a mean value that they hold in memory for simi-
lar types of sensory events. They tend to judge new
items as being close (perhaps too close) to this ref-
erence value, causing underestimation of high values
and overestimation of low values. There may also be

overestimation of an item when it follows a stronger
standard stimulus or underestimation when it follows
a weaker standard stimulus, a sort of local contraction
effect. Poulton also classifies the tendency to gravitate
toward the middle of the response range as a type of
contraction effect, called a response contraction bias.
While all of these effects undoubtedly occur, the ques-
tion arises as to whether contrast or assimilation is a
more common and potent process in human sensory
judgment. While some evidence for response assimi-
lation has been found in psychophysical experiments
through sequential analysis of response correlations
(Ward, 1979), contrast seems much more to be the rule
with taste stimuli (Schifferstein and Frijters, 1992) and
foods (Kamenetzky, 1959). In our experience, assim-
ilation effects are not as prevalent as contrast effects,
although assimilation has certainly been observed in
experiments on consumer expectation (e.g., Cardello
and Sawyer, 1992). In that case, the assimilation is
not toward other actual stimuli but toward expected
levels.

The logarithmic response bias can be observed with
open-ended response scales that use numbers, such
as magnitude estimation. There are several ways to
view this type of bias. Suppose that a series of stim-
uli have been arranged in increasing magnitude and
they are spaced in subjectively equal steps. As the
intensity increases, subjects change their strategy as
they cross into ranges of numerical responses where
there are more digits. For example, they might be rat-
ing the series using numbers like 2, 4, 6, and 8, but
then when they get to 10, they will continue by larger
steps, perhaps 20, 40, 60, 80. In Poulton’s view they
proceed through the larger numerical responses “too
rapidly.” A converse way of looking at this problem is
that the perceived magnitude of the higher numbers is
in smaller arithmetic steps as numbers get larger. For
example, the difference between one and two seems
much larger compared to the difference between 91
and 92. Poulton also points out that in addition to
contraction of stimulus magnitude at very high levels,
the converse is also operating and that people seem to
illogically expand their subjective number range when
using responses smaller than the number 3. One obvi-
ous way to avoid the problems in number bias is to
avoid numbers altogether or to substitute line scaling
or cross-modality matching to line length as a response
instead of numerical rating techniques like magnitude
estimation (Poulton, 1989).



214 9 Context Effects and Biases in Sensory Judgment

Transfer bias refers to the general tendency to
use previous experimental situations and remembered
judgments to calibrate oneself for later tasks. It may
involve any of the biases in Poulton’s or Parducci’s
theories. The situation is common when subjects are
used in multiple experiments or when sensory pan-
elists are used repeatedly in evaluations (Ward, 1987).
People have memories and a desire to be internally
consistent. Thus the ratings given to a product on one
occasion may be influenced by ratings given to similar
products on previous occasions. There are two ways to
view this tendency. One is that the judgments may not
shift appropriately when the panelists’ sensory experi-
ence, perception, or opinion of the product has in fact
changed. On the other hand, one of the primary func-
tions of panelist training and calibration in descriptive
analysis is to build up exactly those sorts of mem-
ory references that may stabilize sensory judgments.
So there is a positive light to this tendency as well.
An open question for sensory evaluation is whether
exposure to one continuum of sensory intensities or
one type of product will transfer contextual effects
to another sensory attribute or a related set of prod-
ucts (Murphy, 1982; Parducci et al., 1976; Rankin and
Marks, 1991). And if so, how far does the transfer
extend?

9.4.3 Response Range Effects

One of Poulton’s biases was called the “response range
equalizing bias” in which the stimulus range is held
constant but the response range changes and so do the
ratings. Ratings expand or contract so that the entire
range is used (minus any end-category avoidance).
This is consistent with the “mapping” idea mentioned
for stimulus range effects (stimuli are mapped onto
the available response range). Range stabilization is
implicit in the way some scaling studies have been
set up and in the instructions given to subjects. This
is similar to the use of physical reference standards in
some descriptive analysis training (Muñoz and Civille,
1998) and is related to Sarris’s work on anchor stim-
uli (Sarris and Parducci, 1978). In Anderson’s work
with 20-point category scales and line marking, high
and low examples or end anchors are given to sub-
jects to show them the likely range of the stimuli to
be encountered. The range of responses is known since

it is visible upon the page of the response sheet or has
been pre-familiarized in a practice session (Anderson,
1974). Thus it is not surprising that subjects distribute
their responses across the range in a nicely graded
fashion, giving the appearance that there is a reason-
ably linear use of the scale. Anderson noted that there
are end effects that work against the use of the entire
range (i.e., people tend to avoid using the endpoints)
but that these can be avoided by indenting the response
marks for the stimulus end anchors, for example, at
points 4 and 16 on the 20-point category scale. This
will provide psychological insulation against the end
effects by providing a comfort zone for unexpected or
extreme stimuli at the ends of the scale while leaving
sufficient gradations and room to move within the inte-
rior points. The “comfort zone” idea is one reason why
early workers in descriptive analysis used line scales
with indented vertical marks under the anchor phrases.

An exception to the response range mapping rule is
seen when anchor phrases or words on a scale are noted
and taken seriously by participants. An example is in
Green’s work on the labeled magnitude scale, which
showed a smaller response range when it was anchored
to “greatest imaginable sensation” that included all
oral sensations including pain, as opposed to a wider
range when the greatest imaginable referred only to
taste (Green et al., 1996). This also looks like an
example of contrast in which the high-end anchor can
evoke a kind of stimulus context, at least in the par-
ticipant’s mind. If the image evoked by the high-end
phrase is very extreme, it acts like a kind of stimu-
lus that compresses ratings into a smaller range of the
scale. A similar kind of response compression was seen
with the LAM scale when it was anchored to great-
est imaginable liking for “sensations of any kind” as
opposed to a more delimited frame such as “foods
and beverages” (Cardello et al., 2008). A sensory sci-
entist should consider how the high anchor phrase is
interpreted, especially if he or she wants to avoid any
compression of ratings along the response range. As
Muñoz and Civille (1998) pointed out, the use of a
descriptive analysis scale also depends a lot on the con-
ceptualization of the high extreme. Does “extremely
strong” refer to the strongest possible taste among all
sensations and products, the strongest sensation in this
product type, or just how strong this particular attribute
can become in this particular product? The strongest
sweetness in this product might be more intense than
the strongest saltiness. The definition needs to be a
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deliberate choice of the panel leader and an explicit
instruction to the panelist to give them a uniform frame
of reference.

9.4.4 The Centering Bias

The centering bias arises when subjects become aware
of the general level of stimulus intensity they are likely
to encounter in an experiment and tend to match the
center or midpoint of the stimulus range with the
midpoint of the response scale. Poulton (1989) dis-
tinguished a stimulus centering bias from a response
centering bias, but this distinction is primarily a func-
tion of how experiments are set up. In both cases,
people tend to map the middle of the stimulus range
onto the middle of the response range and otherwise
ignore the anchoring implications of the verbal labels
on the response scale. Note that the centering bias
works against the notion that respondents can use
unbalanced scales with any effectiveness. For exam-
ple, the “Excellent–very good–good–fair–poor” scale
commonly used in marketing research with consumers
is unbalanced. The problem with unbalanced scales is
that over many trials, the respondents will come to cen-
ter their responses on the middle category, regardless
of its verbal label.

The centering bias is an important problem when
there is a need to interpolate some value on a psy-
chophysical function or to find an optimal product
in just-right scaling. Poulton gives the example of
McBride’s method for considering bias in the just-
about-right (JAR) scale (McBride, 1982; see also
Johnson and Vickers, 1987). In any series of products
to be tested, say for just-right level of sweetness, there
is a tendency to center the series so that the middle
product will come out closest to the just-right point.
The function shifts depending upon the range that is
tested. One way to find the true just-right point would
be to actually have the experimental series centered
on that value, but then of course you would not need
to do the experiment. McBride gives a method for
interpolation across several experiments with differ-
ent ranges. The point at which the just-right function
and the median of the stimulus series will cross shows
the unbiased or true just-right level. This method of
interpolation is shown in Fig. 9.8. In this method, you

Fig. 9.8 Adjusting for the centering bias in just-right ratings.
Three series of sucrose concentrations in lemonade were tested,
a low series (2–8%), a middle series (6–14%), and a high range
(10–22%). In the upper panel, the method of Poulton is used to
interpolate the unbiased just-right point from the series where
the midpoint concentration would correspond to the just-right
item. In the lower panel, the method of McBride is used to
interpolate the just-right point from a series in which the aver-
age response would correspond to the just-right point. When
the average response would be just right (zero on this scale),
the hypothetical stimulus range would have been centered on
the just-right level. Replotted from Johnson and Vickers (1987),
with permission.

present several ranges of the products in separate ses-
sions and plot how the judgments of the JAR point shift
up and down. You can then interpolate to find the range
in which the just-right point would have been from the
center product in the series. This obviously takes more
work to do the test a couple of times, but it could avoid
a mistaken estimate of the JAR level.
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9.5 Response Correlation and Response
Restriction

Early experimental psychologists like Thorndike
(1920) noted that one very positive attribute of a per-
son could influence judgments on other, seemingly
unrelated characteristics of that individual. In person-
nel evaluations of military officers, Thorndike noted
a moderate positive correlation among the individ-
ual rated factors. People evaluate others like this in
real life. If achievement in sports is influential in our
assessment of a person, we might suppose a gifted
athlete to also be kind to children, generous to chari-
ties, etc., even though there is no logical relationship
between these characteristics. People like to have cog-
nitive structures that form consistent wholes and are
without conflicts or contradictions (called cognitive
dissonance) that can make us uncomfortable. The halo
effect has also been described as a carry-over from one
positive product to another (Amerine et al., 1965), but
its common usage is in reference to a positive correla-
tion of unrelated attributes (Clark and Lawless, 1994).
Of course, there can also be negative or horns effects,
in which one salient negative attribute causes other,
unrelated attributes to be viewed or rated negatively.
If a product makes a mess in the microwave, it might
be rated negatively for flavor, appearance, and texture
as well.

9.5.1 Response Correlation

A simple example of a halo effect is shown in Fig. 9.9.
In this case, a small amount of vanilla extract was
added to low-fat milk, near the threshold of percep-
tibility. Ratings were then collected from 19 milk
consumers for sweetness, thickness, creaminess and
liking for the spiked sample, and for a control milk.
In spite of the lack of relationship between vanilla
aroma and sweet taste and between vanilla and texture
characteristics, the introduction of this one positive
aspect was sufficient to cause apparent enhancement
in sweetness, creaminess, and thickness ratings.

Apparent enhancement of sweetness is an effect
long known for ethyl maltol, a caramelization prod-
uct that has an odor similar to heated sugar (Bingham
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Fig. 9.9 Adding a just perceivable level of vanilla extract to
low-fat milk causes increases in rated sweetness, thickness,
creaminess, and liking, an example of the Halo effect. From
Lawless and Clark (1994), with permission.

et al., 1990). When maltol is added to various prod-
ucts, sweetness ratings may rise compared to products
lacking this flavor. However, the effect seems to be a
case of the misattribution of olfactory stimulation to
the taste sense. Murphy and Cain (1980) showed that
citral (a lemon odor) could enhance taste ratings, but
only when the nostrils were open, which allows diffu-
sion of the odor into the nose and stimulation of the
olfactory receptors (i.e., retronasal smell). When the
nostrils are pinched shut, the diffusion is effectively
eliminated and the enhancement disappears. Murphy
and Cain interpreted this as convincing evidence that
there was no true enhancement of taste intensity by
citral, but only olfactory referral, a kind of confu-
sion between taste and smell. Studies with other odors
have also shown that the taste enhancement effect from
volatile flavors can be eliminated by nose pinching
(Frank and Byram, 1988) even for maltol (Bingham
et al., 1990). The maltol effect is also minimized by
training subjects who then learn to more effectively
separate or localize their odor experiences from taste
(Bingham et al., 1990). The sweetness enhancement
may arise as a function of conditioning or experience
with the pairing of sweet tastes with some odors in
foods (Stevenson et al., 1995).

Several lessons can be learned from the vanilla halo
effect shown in Fig. 9.9. First, untrained consumers
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cannot be trusted to provide accurate sensory speci-
fications of product characteristics. While it may be
common practice to collect some diagnostic attribute
ratings from consumers in central location or home use
tests, such information must be viewed with caution.
There are well-known correlations among attributes
(easily shown by principal components analysis, see
Chapter 18), halo effects, and taste–smell confusions,
all of which can bias the obtained ratings. Second,
consumers see products as Gestalten, as whole pat-
terns. They do not act analytically in short product
tests. They do not learn to separate their sensations
and attend effectively to individual product attributes.
Third, if consumers do not have a chance to comment
on a salient product characteristic, they may find some
other place on the questionnaire to voice that feeling,
perhaps in an inappropriate place. This last tendency
was taken advantage of in our milk example—note that
no scale for vanilla flavor was provided. The effect of
misusing response scales in this way on a questionnaire
is called response restriction or simply the “dumping
effect.”

9.5.2 “Dumping” Effects: Inflation Due
to Response Restriction in Profiling

It is part of the folklore of consumer testing that if there
is one very negative and salient attribute of a product,
it will influence other attributes in a negative direction,
an example of a horns effect. The effect is even worse
when the salient negative attribute is omitted from the
questionnaire. Omission could be due to some over-
sight or failure to anticipate the outcome in a consumer
test or simply that it was not observed in the labora-
tory conditions of preliminary phases of testing. In this
case, consumers will find a way to dump their frustra-
tion from not being able to report their dissatisfaction
by giving negative ratings on other scales or reporting
negative opinions of other even unrelated attributes. In
other words, restricting responses or failure to ask a
relevant question may change ratings on a number of
other scales.

A common version of this restriction effect can
be seen in sweetness enhancement. Frank et al.
(1993) found that the enhancement of sweet rat-
ings in the presence of a fruity odor was stronger
when ratings were restricted to sweetness only. When

both sweetness and fruitiness ratings were allowed,
no enhancement of sweetness was observed. Exactly
the same effect was seen for sweetness and fruiti-
ness ratings and for sweetness and vanilla ratings
(Clark and Lawless, 1994). So allowing the appro-
priate number of attributes can address the problem
of illusory enhancement. Schifferstein (1996) gave the
example of hexenol, a fresh green aroma, which when
added to a strawberry flavor mixture caused mean
ratings in several other scales to increase. The enhance-
ment of the other ratings occurred only when the
“green” attribute was omitted from the ballot. When
the “green” attribute was included in the ballot, the
response was correctly assigned to that scale, and there
was no apparent enhancement in the other attributes in
the aroma profile.

There is good news and bad news in these obser-
vations. From a marketing perspective, ratings can
be easily obtained from consumers that will show
apparent sweetness enhancements if the questionnaires
cleverly omit the opportunity to report on sensations
other than sweetness. However, the nose pinch condi-
tions and the use of complete sets of attributes show us
that these volatile odorants such as maltol are not sweet
taste enhancers but they are sweet rating enhancers.
That is, they are not affecting the actual perception
of sweet taste intensity but are changing the response
output function or perhaps broadening the concept of
sweetness to go beyond taste and include pleasant aro-
mas as well. It would not be wise to try to use maltol
to sweeten your coffee.

Are there other situations in sensory testing where
the dumping effect can show up? One area in which
responses are usually restricted to one attribute at a
time is in time–intensity scaling (Chapter 8). In a com-
mon version of this technique, the subject moves a
pointer, a mouse, or some other response device to
provide a continuous record of sensory intensity for
a specified attribute. Usually, just one attribute at a
time is rated since it is very difficult to attend continu-
ously or even by rapid shifting of attention to more than
one attribute. This would seem to be a perfect oppor-
tunity for the dumping tendency to produce illusory
enhancements (e.g., Bonnans and Noble, 1993). This
idea was tested in experiments with repeated category
ratings across time, a time–intensity procedure that
allows for ratings of multiple attributes. These studies
showed sweetness enhancement in sweet–fruity mix-
tures when sweetness alone was rated, but little or
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no enhancement when both sweetness and fruit inten-
sity were rated over time (Clark and Lawless, 1994).
This is exactly parallel to the sweetness enhancement
results seen by Frank and colleagues. Workers using
single-attribute time–intensity ratings should be wary
of apparent enhancements due to response restriction.

9.5.3 Over-Partitioning

In the data of van der Klaauw and Frank (1996),
one can also see cases in which having too many
attributes causes a deflation in ratings. As in the dump-
ing examples, their usual paradigm was to compare the
sweetness ratings of a simple sucrose solution to the
same concentration with a fruity odor added. When
rating sweetness only, the rating is higher than when
rating sweetness and fruitiness, the common dump-
ing effect. But when total intensity and six additional
attributes were rated, the sweetness rating was signifi-
cantly lower than either of the other two conditions. In
another example, including a bitterness rating (in addi-
tion to the sweetness and fruitiness ratings) lowered
the sweetness rating compared to rating sweetness (the
highest condition) and also compared to rating sweet-
ness and fruitiness (an intermediate sweetness rating
was obtained). This effect appears to be a deflation
due to people over-partitioning their sensations into too
many categories. The specific choices may be impor-
tant in this effect. Adding only a bitter or a bitter and
a floral rating had little or no effect and dumping infla-
tion was still observed probably because there was no
fruity rating.

In the study by Clark and Lawless (1994), the con-
trol condition (sweetener only) showed some evidence
of a decrement when the attributes for volatiles were
also available. Even more dramatic was the complete
reversal of sweet enhancement to inhibition when a
large number of response categories were provided for
simple mixtures (Frank et al., 1993).

Although this effect has not been thoroughly stud-
ied, it serves to warn the sensory scientist that the
number of choices given to untrained consumers may
affect the outcome and that too many choices may be
as dangerous as too few. Whether this effect might be
seen with trained panels remains an open question.
It is sometimes difficult to predetermine the correct
number of attributes to rate in order to guard against

the dumping effect. Careful pre-testing and discussion
phases in descriptive training may help. It is obviously
important to be inclusive and exhaustive, but also not
to waste the panelists’ time with irrelevant attributes.

9.6 Classical Psychological Errors
and Other Biases

A number of psychological errors in judgment
have been described in the literature and are com-
monly listed in references in sensory evaluation (e.g.,
Amerine et al., 1965; Meilgaard et al., 2006). They
are only briefly listed here, as they serve primarily as
empirical descriptions of behavior, without much refer-
ence to cause or any theoretical bases. It is important to
distinguish between description and explanation, and
not to confuse naming something with trying to explain
why it occurred in terms of mechanism or larger the-
ory. The sensory evaluation practitioner needs to be
aware of these errors and the conditions under which
they may occur.

9.6.1 Errors in Structured Sequences:
Anticipation and Habituation

Two errors may be seen when a non-random sequence
of products is presented for evaluation, and the
observer is aware that a sequence or a particular order
of items is going to be presented. The error of anticipa-
tion is said to occur when the subject shifts responses
in the sequence before the sensory information would
indicate that it is appropriate to do so (Mattes and
Lawless, 1985). An example is found in the method
of limits for thresholds, where an ascending sequence
is presented and the observer expects a sensation to
occur at some point and “jumps the gun.” The oppo-
site effect is said to be the error of habituation, in
which the panelist stays put too long with one pre-
vious response, when the sensory information would
indicate that a change is overdue. Obviously, the pre-
sentation of samples in random order will help to undo
the expectations involved in causing the error of antici-
pation. Perseveration is a little bit harder to understand
but may have to do with lack of attention or motivation
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on the part of the observer or having an unusually strict
criterion for changing responses. Attention and moti-
vation can be addressed by sufficient incentives and
keeping the test session from being too long.

9.6.2 The Stimulus Error

The stimulus error is another classical problem in
sensory measurement. This occurs when the observer
knows or presumes to know the identity of the stimu-
lus and thus draws some inference about what it should
taste, smell, or look like. The judgment is biased due
to expectations about stimulus identity. In the old par-
lor game of trying to identify the origin and vintage
of a wine, stimulus error is actually a big help. It is
much easier to guess the wine if you know what the
host is prone to drink or you have taken a peek at
the bottles in the kitchen beforehand. In sensory eval-
uation, the principle of blind testing and the practice
using random three-digit coding of samples mitigate
against the stimulus error. However, panelists are not
always completely in the dark about the origin or the
identity of samples. Employee panels may have a fair
amount of knowledge about what is being tested and
they may make inferences, correctly or incorrectly.
For example, in small-plant quality assurance, workers
may be aware of what types of products are being man-
ufactured that day and these same workers may serve
as sensory panelists. In the worst possible scenario,
the persons drawing the samples from production are
actually doing the tasting. As much as possible, these
situations should be avoided. In quality control pan-
els, insertion of blind control samples (both positive
controls and flawed samples) will tend to minimize the
guesswork by panelists.

9.6.3 Positional or Order Bias

Time-order error is a general term applied to sequen-
tial effects in which one order of evaluating two or
more products produces different judgments than does
another order (Amerine et al., 1965). There are two
philosophies for dealing with this problem. The first
approach is to provide products in all possible orders,
counterbalanced orders, or randomized orders so that

the sequential effects may be counterbalanced or aver-
aged out in the group data. The second approach is
to consider the order effects of interest. In this case,
different orders are analyzed as a purpose of the exper-
iment and, if order effects are observed, they are duly
noted and discussed. Whether order effects are of inter-
est will depend upon the circumstances of the product
evaluation and its goals. If counterbalanced orders or
randomization cannot be worked into the experimen-
tal design, the experimenter must consider whether
product differences are true sensory differences or are
artifacts of stimulus order. Purposeful experimentation
and analysis of order effects in at least some of the
routine evaluations may give one an appreciation for
where and when these effects occur in the product
category of interest.

Another well-known order effect in acceptance test-
ing is the reception of a higher score for the first sample
in a series (Kofes et al., 2009). Counterbalancing
orders is of course appropriate, but one can also give
a “dummy” product first to absorb the first prod-
uct’s score. With monadic (single product) tests, such
inflation could be misleading (Kofes et al., 2009).
Positional bias was also of concern in early paired tests
and also the triangle procedure (Amerine et al., 1965).
Another bias was seen when preference questions were
asked following the triangle difference test (Schutz,
1954). Following a difference test with a preference
test is not recommended in good sensory practice, in
part because these early studies showed a bias against
the sample that was considered the odd one in the tri-
angle test. Recent research indicates that this effect
may not be so robust—a replication of Schutz’s orig-
inal experiment but using the words “different” rather
than “odd” did not find much evidence for this bias (El
Gharby, 1995). Perhaps the meaning of the term “odd”
in the 1950s was in itself sufficiently biasing.

9.7 Antidotes

9.7.1 Avoid or Minimize

At first glance, one way to avoid contextual effects
would seem to be only to present products as single
items, in other words to perform only monadic tests.
This may be appropriate in some consumer testing sit-
uations where the test itself changes the situation so



220 9 Context Effects and Biases in Sensory Judgment

dramatically that future evaluation would be unduly
influenced by the first product tested. Examples occur
in testing consumer products such as insecticides or
hair conditioners. However, monadic testing is rarely
practical for analytical sensory tests such as descriptive
analyses. It would be highly inefficient both finan-
cially and statistically to have trained panels evaluate
only single samples in a session. More importantly,
monadic testing does not take any advantage of the
inherent comparative abilities of human observers.
Furthermore, because of transfer bias (panelists, after
all, have memories), this solution may be illusory for
an ongoing testing program. Even without an imme-
diate frame of reference in the experimental session,
people will evaluate products based on their memory of
similar items that have been recently experienced. So
they will adopt a frame of reference if none is explicitly
provided.

Poulton (1989) asserted that in most Western cul-
tures, this baseline would be fairly constant (perhaps
for consumers) and neutral based on the compara-
ble experiences of experimental participants. He went
on to suggest monadic testing as a way to avoid fre-
quency and centering biases. However, experimental
evidence for this assertion is lacking. Also, given the
high degree of idiosyncratic food preferences and food
habits, a constant baseline across individuals seems
rather unlikely in sensory evaluation of foods. So
monadic testing could actually add noise to the data.
Furthermore, monadic test designs necessitate the use
of between-subject comparisons and lose the statisti-
cal and scaling advantages inherent in using subjects
as their own controls or baselines for comparison.

The problem can be rephrased as to how sen-
sory evaluation specialists can control for contextual
biases or minimize them. There are four approaches to
dealing with context effects: randomization (including
counterbalancing), stabilization, calibration, and inter-
pretation. Stabilization refers to the attempt to keep
context the same across all evaluation sessions so that
the frame of reference is constant for all observers.
Calibration refers to the training of a descriptive
panel so that their frame of reference for the scale is
internalized through training with reference standards.
Interpretation is simply the careful consideration of
whether ratings in a given setting may have been influ-
enced by experimental context, e.g., by the specific
items that were also presented in that session. Each of
these approaches is considered below.

9.7.2 Randomization and
Counterbalancing

The use of different random or counterbalanced orders
has long been a principle of good practice in applied
sensory testing. Simple order effects, sequential depen-
dencies, and contrast between any two items can be
counteracted by using sufficient orders so that the
immediate frame of reference for any one product is
different across a group of respondents. Using an order
that mixes up products from different positions on the
scale range will also help avoid the occurrence of a
local frequency bias. That is, if too many samples are
given from the high end of the sensory continuum to
be rated, it may give the respondent the impression
that there is bunching at that end, even though there
may not be in the product set as a whole. Poulton
(1989) noted that a “controlled balanced order” might
help to avoid this. As in the discussion of the classi-
cal time-order effect above, there are two philosophies
here. Whether one randomizes and ignores the local
sequential effects, or systematically counterbalances
orders and analyzes the order dependencies as effects
of experimental interest will depend upon the exper-
imental objectives, the resources of the experimenter
and the information needed by the end users of the
experimental results.

However, using random or counterbalanced orders
will not in itself undo the broader effects of context
that develop during an experiment with repeated rat-
ings. The broader frame of reference still exists and is
still used by judges to frame the range of products and
to map the products onto the known scale range. Thus
the use of randomization or counterbalancing of orders
does not get around the problem of altered context
when results from two different experimental sessions
are compared.

Note that the examination of multiple stimulus
ranges is similar philosophically to the approach of
randomization or counterbalancing. One approach to
avoiding the centering bias in just-right scaling is to
use different ranges so that the stimulus set that would
be centered on the true just-right point can be found
by interpolation (Johnson and Vickers, 1987; McBride,
1982) (see Fig. 9.8). Multiple contexts become part of
the experimental design. The goal is to purposefully
examine the range effects, rather than averaging or
neutralizing them through randomization. As a general
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principle, the greater the number of contexts within
which a product is evaluated, the greater the under-
standing and accuracy of the final interpretation by the
sensory scientist.

9.7.3 Stabilization and Calibration

The second approach to dealing with context effects
is to try and hold the experimental context constant
across all sessions containing products that will be
compared. This can be difficult if the products are
fatiguing or if adaptation or carryover effects are likely
to restrict the number of products that can be given.
In its simplest form, this strategy takes the form of
a simple comparison of all test products to one con-
trol item (e.g., Stoer, 1992). Difference scores may
then be constructed and serve as the primary form
of the data. Alternatively, difference-from-reference
ratings (Larson-Powers and Pangborn, 1978) or magni-
tude estimation with a constant reference item may be
used. The presentation of a warm-up or practice sample
probably has some stabilizing effect, another good rea-
son to use such “throw-away” samples if the product
is not too fatiguing. Another approach is to attempt to
stabilize the endpoints by using reference standards for
high and low stimuli that appear in every session. Also,
high and low examples can be given as blind “catch tri-
als” and judges suitably motivated to expand their scale
usage if they are caught exhibiting contraction bias,
end-of-scale avoidance, or simply gravitating toward
the middle of the scale as sometimes occurs in repeated
testing. In magnitude estimation and also in the use
of the labeled magnitude scale, the reference standard
used for comparison may have a stabilizing effect and
reduce some of the contrast effects seen with all scaling
methods (Diamond and Lawless, 2001; Lawless et al.,
2000).

Calibration can refer to the use of bracketing ref-
erence standards in the experimental session, or ref-
erence standards given in training. Considering the
context within the evaluation session is an important
part of collecting good sensory judgments. Anderson
(1974), for example, in discussing the use of category
scales gives the following advice: “Several precautions
have been standard with ratings scales in functional
measurement. First, is the use of preliminary prac-
tice, which has several functions. The general range of

stimuli is not known to the subject initially, and the rat-
ing scale is arbitrary. Accordingly, the subject needs
to develop a frame of reference for the stimuli and
correlate it with the given response scale.” (emphasis
added; pp. 231–232). Anderson notes that the effect of
such practice is a decrease in variability. His practice
in the psychological laboratory for stabilizing scale
usage is similar to the training of descriptive panelists
with examples of products to be evaluated. Anderson
goes on to describe end-anchor stimuli, which serve as
low- and high-intensity standards on his 20-point scale:
“Stimulus end-anchors are extremely important. These
are additional stimuli that are more extreme than the
experimental stimuli to be studied. One function of the
end-anchors is to help define the frame of reference.”
(p. 232). In this view then, the proper use of rating
scales includes a definition of the context in which the
sample is to be judged. In practice, this is achieved by
presentation of specific examples that bracket the sen-
sory range. An explicit (if extreme) example of this is
the relative scaling method of Gay and Mead (Gay and
Mead 1992; Mead and Gay, 1995) in which the sam-
ples are inspected, then the highest and lowest placed
at the endpoints, and all others distributed along the
scale. This does insure usage of the whole scale but
renders the data totally relative and totally specific to
that context and set of samples.

Calibration of observers is a common practice
in descriptive analysis, especially in techniques with
intensity reference standards such as the texture pro-
file and the Spectrum method (Meilgaard et al., 2006).
Anderson (1974) warned that endpoint calibration was
in fact a necessary practice with category scales in
order to fix the linear usage of the scale by experimen-
tal subjects. What appears to be a problem in obtaining
unbiased scale usage may be turned to an advantage
if a stable frame of reference can be induced in sub-
jects through training. Evidence shows that contextual
effects do not appear all at once but are contingent
upon and strengthened by experience (e.g., Lawless,
1983). So the question arises whether it is possible to
“inoculate” a trained panelist against the day-to-day
context of the experimental session by sufficient train-
ing. That is, is it possible to calibrate and stabilize
judges’ frame of reference to make them immune to
contextual effects? Some of the examples of trans-
fer bias cited by Poulton (1989) certainly make this
seem reasonable. However, a recent study using exten-
sive training on a 15-point sweetness scale failed to
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eliminate simple contrast effects (Olabi and Lawless,
2008). Reference standards were similarly ineffective.
Perhaps it is asking too much of human nature to get
panelists to act like absolute measuring instruments.

9.7.4 Interpretation

The last approach to context effects and biases is to be
aware that they are operating and to draw conclusions
about product differences with suitable caution. It is
not appropriate to conclude that two products evaluated
in different sessions are in fact different unless they
were examined in similar contexts. The sensory profes-
sional must look at the whole experimental context and
not just the summary statistics for the products in ques-
tion in order to draw accurate conclusions. In drawing
conclusions about product differences, it is necessary
to question whether the observed difference could pos-
sibly have arisen from contextual effects or whether it
is likely to be a true sensory-based difference. In situa-
tions of apparent enhancement or synergistic influence
of one flavor upon another, one must always question
how the data were gathered. Were there sufficient and
appropriate response categories or was there the pos-
sibility that the apparent enhancement occurred due
to dumping into the available but restricted set of
response attributes?

9.8 Conclusions

Notes make each other sweeter in a chord, and so do col-
ors when harmoniously applied. A certain amount of skin
dipped in hot water gives the perception of a certain heat.
More skin immersed makes the heat much more intense
although of course the water’s heat is the same. (James,
1913, p. 25).

William James reminds us that complex patterns of
stimulation alter the perception of things around us.
What something looks like, feels like, or tastes like
depends upon the other patterns of stimulation that
are present and that have come before the stimulus to
be judged. Context effects are present in all scaling
methods, and human behavior appears to be a sort of
compromise between a completely relative system of

judgment and one that retains some absolute or cali-
brated properties (Ward, 1987). A main point of this
chapter has been to show the importance of a frame
of reference in influencing people’s judgments about
products. We have seen that other products in the same
session can have a marked effect, usually one of con-
trast. The word anchors or phrases on the scale can
influence the frame of reference (what you ask and how
you ask it) and, from the dumping effect, we find that
even what you do not ask can also influence responses.
One goal of the sensory evaluation specialist should
be to minimize unwanted effects that endanger the
accuracy of results. Poulton (1989) discussed range
biases as potential problems and stated that they were
unavoidable in category scaling. Another perspective is
to consider them interesting human phenomena, wor-
thy of study for what they tell us about the judgment
process. A third approach is to embrace the relative
nature of human judgment and reduce all data to dif-
ference scores or similar explicit comparisons. This
would be difficult for most practitioners of descriptive
analysis methods.

From a practical perspective, a very real danger
exists in sensory evaluation when people try to com-
pare ratings given to products in different settings or
from different experimental sessions. Unless the con-
text and frame of reference is the same in both sessions,
it is not possible to say whether differences between
the products arose from true sensation differences or
from differences in ratings due to contextual effects. A
difference in the data set might occur merely because
the two items were viewed among higher or lower val-
ued items in their test sessions. Conversely, two items
might appear similar in ratings across two sessions, but
their ratings might be similar only due to range or cen-
tering effects. How can a sensory practitioner know
whether the scale value of 5.3 for this week’s prod-
uct is actually superior to the value of 4.9 given to the
prototype evaluated last week?

Unless the sensory professional is aware of con-
text effects and guards against them, inappropriate
conclusions may be drawn from evaluation sessions,
especially if products evaluated in different contexts
are to be compared. Sometimes the effects can be sub-
tle and insidious. Consider the context effect discussed
above in optimization (Mattes and Lawless, 1985).
Ascending in concentration results in the estimation of
a preferred sensory optimum that is too low relative to
the peak that would be obtained from a randomized
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order of samples. Yet adding a flavor ingredient “to
taste” is what product developers commonly do at the
benchtop or chefs do in a research kitchen when they
come up with a seemingly optimized ingredient level.
However, even an informal tasting has its own context.
We cannot assume that the results of such informal
tastings are accurate—only properly randomized or
counterbalanced sensory testing using acceptability
ratings or a just-right scale with precautions against
centering bias would give accurate direction as to the
appropriate flavor level.

It is sometimes difficult to pin down exactly which
of the many biases discussed in this chapter may be
operating in an experiment. For example, the con-
trast effect and response contraction effects can work
against each other so that there may be little evi-
dence that these tendencies are present in a particular
evaluation session (Schifferstein and Frijters, 1992).
Communication with test panelists, careful examina-
tion of the data, and looking at historical records can
all give hints about what may be going on with a
panel that does repeated testing. Is there evidence of
response contraction or gravitation toward the center
of the scale? If these conservative tendencies are creep-
ing in, they should show up through examination of
data sets over time. The contraction effect is insidious
since the trend may appear as reduced standard devia-
tions that may give the false impression that the panel
is achieving higher levels of calibration or consensus.
However, the reduced error will not be accompanied by
a higher rate of significant differences among products,
since the product means will also gravitate toward the
middle of the scale and differences between means will
be smaller. This type of insight highlights the depth of
analysis that is needed in good sensory practice and
that a sensory professional must be more than a person
who merely conducts tests and reports results. They
must be in touch with the trends and finer grain of the
data set along with the psychological tendencies of the
respondents that may arise as a function of changes in
frame of reference and other biases.
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