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Reference Price and Price Perceptions:
A Comparison of Alternative Models

RONALD W. NIEDRICH
SUBHASH SHARMA
DOUGLAS H. WEDELL*

Reference price effects on consumer price perceptions are often explained by
Helson’s adaptation-level theory, in which the cognitive representation of reference
price is the prototype of the relevant category. However, recent conceptualizations
and empirical evidence suggest the possibility of an exemplar model, which may
be specified using Volkmann’s range theory or Parducci’s range-frequency theory.
In two experiments, these three contextual models of reference price effects are
pitted against one another. Based on the MANOVA and model fitting, range-fre-
quency theory accounted for reference price effects that the other theories could
not, suggesting that consumers compare the target price against specific members
of the category rather than the category prototype. A third experimentdemonstrated
that range and frequency effects are moderated by the stimulus presentation con-
dition, suggesting that consumers place greater weight on extreme pricesanchoring
the range for internal reference prices than for external reference prices.

Price evaluations are important inputs to consumer de-
cisions such as what, when, where, and how much to

buy (Alba et al. 1994; Gupta 1988). One major approach
to understanding how consumers arrive at such price eval-
uations involves the concept of a reference price (Blattberg,
Briesch, and Fox 1995; Kalyanaram and Winer 1995), which
can be defined as the price against which buyers compare
the offered price of a product or service (Monroe 1990).
Such comparisons presumably dictate whether a price is
deemed too high or too low. Although the concept of ref-
erence price is well established, the nature of the reference
price comparison process is less understood. In this article,
we explore three different approaches to reference price
comparison and evaluate the ability of each approach to
predict the attractiveness ratings of prices in laboratory
experiments.

The most widely cited explanation of reference price and
price judgment is based on Helson’s (1947, 1964) adapta-
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tion-level theory, which asserts that judgments are propor-
tional to deviations from a comparison standard. This stan-
dard, or adaptation level, is context sensitive, as it is
conceived as the mean of the stimuli presented within a
contextual set (Helson 1964; Wedell 1995). Following this
view, the reference price that consumers use to evaluate a
product is a weighted average of the prices from the relevant
category (Monroe 1990). The adaptation-level model of ref-
erence price comparison is consistent with a prototype rep-
resentation of categories in which a single prototypical value
is abstracted from category instances and is used to represent
the category (Medin, Altom, and Murphy 1984).

An alternative to a prototype representation of categories
is provided by exemplar models, which posit that the cat-
egory is represented by a distribution of its instances. In the
psychological literature, exemplar models have consistently
outperformed prototype models in empirical comparisons
(Ashby and Maddox 1998). Exemplar models assume that
judgments are based on comparisons to specific category
members rather than a comparison to summary information
about a typical member (Medin et al. 1984). The exemplar
model of categorization is consistent with a conceptuali-
zation of reference price as a range of prices or the latitude
of acceptable prices rather than a single summary price (e.g.,
Janiszewski and Lichtenstein 1999; Kalyanaram and Little
1994; Lichtenstein and Bearden 1989; Monroe 1971). How-
ever, with the exception of Janiszewski and Lichtenstein
(1999), the prototype model has typically been used to ex-
plain price evaluations in such experiments.
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FIGURE 1

CONCEPTUAL FRAMEWORK

NOTE.—The price attractiveness rating of brand price i is measured given a set of n prices in context k.

In a series of four experiments, Janiszewski and Lichten-
stein (1999) compared Volkmann’s (1951) range theory to
Helson’s adaptation-level theory. Range theory may be clas-
sified as an exemplar model in which the cognitive repre-
sentation is assumed to include only the highest and lowest
values in the contextual set. In the main experiments, sub-
jects were shown sets of prices that manipulated the range
while holding the mean of the sets constant. Subjects were
then asked to rate the attractiveness of the mean price. There
were significant differences between the attractiveness rat-
ings of the mean price in these skewed price sets. Range
theory correctly predicted the direction of these differences.
On the other hand, adaptation-level theory cannot account
for differences in price judgments in sets with the same
mean. Based on these data, analyzed in an ANOVA frame-
work, Janiszewski and Lichtenstein concluded that range
theory is more consistent with the data.

The experiments reported here extend the work of Jani-
szewski and Lichtenstein (1999) in a number of important
ways. First, we attempt to overcome the limitations of testing
contextual models using only the ANOVA framework. The
contextual models make specific predictions of judgments
given a particular contextual set. The ANOVA tests for
differences in ratings across experimental conditions and not
for differences between ratings and model predictions. Thus,
the ANOVA may support a model that does not fit the data.
In an attempt to overcome this limitation, data analyses
include both the ANOVA and fits of specific models. Sec-
ond, different models may fit the data better in different
areas of the distribution. Rather than evaluate only the mean,
we had participants evaluate several target stimuli spaced
at different intervals along the range. Third, Janiszewski and
Lichtenstein (1999) compared ratings in contextual sets in
which the mean price was held constant and the range was

varied. However, price judgments can be affected by fre-
quency manipulations (Alba et al. 1994; Alba et al. 1999;
Kalwani and Yim 1992). Therefore, we also investigated
the complementary condition, comparing ratings across con-
textual sets in which the range was held constant and the
mean was varied. Finally, in addition to adaptation-level
theory and range theory, we also test Parducci’s (1965)
range-frequency theory. Range-frequency theory is an ex-
emplar model in which the cognitive representation is as-
sumed to include all prices in the contextual set. Work in
psychological judgment has typically found range-frequency
theory to provide better fits to psychophysical data than
either range theory or adaptation-level theory (Birnbaum
1974; Parducci and Perrett 1971). Thus, we test the extent
to which reference price effects could be predicted by range-
frequency theory.

In sum, the purpose of this research is to provide a better
understanding of the nature of reference prices and of how
reference prices are used by consumers to evaluate the focal
brand price. Consistent with the view of methodological
pluralism, we combined the use of the ANOVA and model
fitting to provide a more rigorous analysis of the data. The-
oretical predictions were tested in a series of three experi-
ments. Experiment 1 extended the work of Janiszewski and
Lichtenstein (1999) by addressing the limitations previously
discussed. Experiment 2 tested whether a prototype model
or an exemplar model better accounted for the data. Finally,
experiment 3 tested the moderating effect of stimulus pre-
sentation on the relative applicability of the models.

CONCEPTUAL FRAMEWORK

The conceptual framework, shown in figure 1, is based
on Anderson’s (1981) information integration model. In the
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model, an overt rating, Aik , is measured in response to con-
textual stimuli. To evaluate brand price i, consumers utilize
an appropriate evaluation context k (Herr 1989). The set of
n actual prices of the brand in context k are the set of prices
to which the consumer has been exposed, denoted $1k, $2k,
. . . , $nk. The focal brand price, $ik, is the price of the brand
currently under consideration and is a member of the set of
actual prices. Three functional relationships are specified in
Anderson’s (1981) information integration model: the val-
uation function, the integration function, and the response
function. Each of the three functions is discussed in turn.

The Valuation Function

In information integration theory (Anderson 1981), the
relationship between the physical stimulus ($ik) and the sub-
jective value of that stimulus (Sik) is called the valuation
function. Parducci does not define the specific valuation
function within the range-frequency model. In contrast, Hel-
son’s (1964) adaptation-level theory includes the psycho-
physical function as part of the model. Specifically, adap-
tation-level theory is based on Fechner’s law (1860), in
which the sensation scale is a logarithmic function of the
stimulus values. However, requiring the valuation function
to be logarithmic is overly constraining and likely to be
false. For example, both Birnbaum (1974), using numerical
stimuli, and Wedell (1996), with squares, provide convinc-
ing evidence that valuation is better conceived as a power
function. Furthermore, this approach has often been taken
in modeling the decreasing marginal value of monetary
gains and losses (Kahneman and Tversky 1979). Thus, a
power function is used to fit the data. Its form is given as

rS p $ , (1)i i

where r is the value of the power exponent. It should be
noted that all models were fit in two ways: estimating r and
constraining r as equal to one. Allowing r to be a free
parameter improves the model fit somewhat. However, as
the improvement is essentially the same for all models, there
is no difference in the conclusions using either procedure.

The Integration Function

The relationship between the subjective values (Sik) and
subjective judgments (Jik) is defined as the integration func-
tion (Anderson 1981). Helson’s adaptation-level model, Par-
ducci’s range-frequency model, and Volkmann’s range
model primarily differ in the integration function they
specify.

Adaptation-Level Theory. In adaptation-level theory
(Helson 1947, 1964), stimulus values are judged within a
frame of reference. Equation 2 shows one version of Hel-
son’s model (Helson 1964; Marks and Algom 1998; Wedell
1995). This is a linear model, in which the constants a and
b represent the intercept and slope, respectively. In this
model, the adaptation level (Sal, k) is the arithmetic mean of

all subjective values, and Sik is the subjective value of stim-
ulus i in context k.

J p a � b (S � S ). (2)ik ik al, k

It should be noted that the adaptation level is often de-
scribed as the geometric mean rather than the arithmetic
mean (Helson 1964; Marks and Algom 1998). This con-
ceptualization is based on the idea that the value function
is logarithmic, where the arithmetic mean of the subjective
values (Sik’s) is equivalent to the geometric mean of the
physical values ($ik’s). To isolate the separate effects of the
integration functions tested here, the fits of the adaptation-
level model are based on the arithmetic mean. As previously
discussed, the valuation function employed is provided in
equation 1.

Range Theory. Volkmann’s (1951) range theory is
based on a range principle of judgment in which the judged
value is based on the proportion of the contextual range
lying below the stimulus value. This range principle asserts
that equal segments of the psychological judgment scale are
assigned to equal segments of the contextual range. That is,
the judgment of a target within a set of stimuli is linearly
related to the end points that anchor the subjective range.
Thus, the subjective judgment (J) of stimulus i in context
k is given by the proportion shown in equation 3:

J p (S � S )/(S � S ), (3)ik ik min , k max , k min , k

where Sik is the subjective value of stimulus i, Smin, k is the
minimum subjective value, and Smax, k is the maximum sub-
jective value in context k (Wedell, Parducci, and Lane 1990).
For example, if a stimulus lies three-fourths of the way
toward the maximum stimulus, the range value of the stim-
ulus is .75. Thus, in range theory the judgment of a stimulus
is dependent only on its relationship to the minimum and
maximum contextual values.

Range-Frequency Theory. Range-frequency theory
(Parducci 1965, 1995) asserts that the judged value of a
stimulus is determined by its location within the distribution
of contextual stimuli that are brought to mind at the time
of judgment. Two contextual principles determine the judged
value of the stimulus on a single dimension. According to
the “range principle,” judgments reflect the location of the
target stimulus relative to the most extreme values defining
the relevant context. According to the “frequency principle,”
the location of the target stimulus is described by its rank
within the contextual set of stimuli. As shown in equation
4, the subjective judgment (J) of stimulus i in context k is
conceived as a compromise between the range and frequency
principles:

J p (w)R � (1 � w)F . (4)ik ik ik

This subjective value is represented by a weighted average
of the range (R) and frequency (F) values, where the weight-
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ing parameter, w, may approach its theoretical limits of zero
and one. Note that when , equation 4 reduces to equa-w p 1
tion 3. Thus, range theory is nested within range-frequency
theory. Although a number of experimental conditions have
been shown to affect w (Parducci and Marshall 1961; Par-
ducci and Wedell 1986), a value closer to .5 is more typical,
representing a roughly equal compromise between the range
and frequency principles (Wedell et al. 1990).

The frequency principle has been shown to account for
distributional effects, such as skewing (Parducci 1995). The
frequency principle asserts that equal segments of the psy-
chological scale are assigned to the same number of cog-
nitive representations in the contextual set. That is, the judg-
ment of a target within a set of stimuli is proportional to
the number of representations falling below the target stim-
ulus. Thus, the frequency value of stimulus i in context k,
Fik, is given by the proportion shown in equation 5:

F p (Rank � 1)/(N � 1), (5)ik ik k

where Rankik is the rank of stimulus i in context k, one is
the minimum rank, and Nk is the total number of contextual
stimuli (Wedell et al. 1990). In the special case in which

in equation 4, range-frequency theory reduces to thew p 0
frequency principle. Because the contextual range is not
included in equation 5, the frequency principle cannot ex-
plain effects resulting from the manipulation of the contex-
tual range with ranks held constant.

The Response Function

Finally, the relationship between the subjective judgment
(Jik) and the overt rating (Aik) is called the response function.
As the range values (eq. 3) and the frequency values (eq.
5) are proportions, they are assigned a value between zero
and one. Consequently, the subjective judgments (eq. 4) take
on values between zero and one. Assuming a linear rela-
tionship between judgments and mean ratings, equation 6
can be used to transform subjective judgments into attrac-
tiveness ratings of stimulus i in context k, Aik, where Amin

is the lowest scale value and An is the number of scale points
(Parducci 1995; Wedell et al. 1990). To evaluate the model
fit, transformed judgments can be compared with category
ratings. By holding the response function constant, we are
better able to compare how predictions differ between the
contextual models:

A p (A � 1)J � A . (6)ik n ik min

Hypotheses

The primary purpose of experiments 1 and 2 is to test
the competing models defined in equations 2, 3, and 4. As
each theory assumes a different cognitive representation of
reference price, three competing conceptualizations are of-
fered:

H1 (ALT): According to adaptation-level theory, con-
sumers compare the target price against the
mean of the contextual set of prices.

H1 (RT): According to range theory, consumers com-
pare the target price against the two prices
that define the range in the contextual set.

H1 (RFT): According to range-frequency theory, con-
sumers compare the target price against all
of the prices in the contextual set.

Given an exemplar representation of reference price, all
prices may not be equally weighted. The weight given to
prices in the reference price set is likely to be moderated
by the processing environment. If consumers only use the
prices available to them in the external environment, as with
external reference prices, the price judgment is stimulus
based. In contrast, if consumers must retrieve prices from
memory, as with internal reference prices, the price judg-
ment is memory based. Because extreme values are com-
paratively distinct, these values should be more salient than
other stimuli in the context (Fiske and Taylor 1991). As the
end points are expected to be more easily retrieved from
memory (Tversky and Kahneman 1973), they are more
likely to be used in a memory-based judgment task. In con-
trast, less salient intermediate values are less likely to be
retrieved and used in a memory-based judgment task. As a
result, consumers are expected to weigh intermediate prices
more heavily when using external reference prices than
when using internal reference prices. Thus, experiment 3
tests two related hypotheses:

H2: Frequency effects will be larger for stimulus-based
price judgments than for memory-based price
judgments.

H3: Range effects will be larger for memory-based
price judgments than for stimulus-based price
judgments.

EXPERIMENT 1
Experiment 1 contains two distinct tests of the three con-

textual theories. The first test extends the work of Jani-
szewski and Lichtenstein (1999) in the following ways: first,
in addition to adaptation-level theory and range theory, we
also test range-frequency theory. Second, in addition to an
ANOVA, we use model fitting to test the contextual theories.
Third, we study price perceptions for a product in an elec-
tronic shopping environment rather than studying grocery
items with paper and pencil measures. Finally, by measuring
attractiveness ratings of several prices in the contextual set,
and not just the mean price, we evaluate the shape of the
response function. The second test, not evaluated by Jani-



REFERENCE PRICES 343

TABLE 1

FREQUENCY DISTRIBUTIONS OF EXPERIMENTAL STIMULI

Discount (%) NSLM PSLM NSHM Normal Bimodal

0 1 8 1 1
5 1 5 (1) 2 (1)
10 1 1 2 5
15 1 1 1 (1) 2 (1)
20 8 (1) 1 (1) 1 (1) 4 1
25 5 (1) 1 (1) 1 (1) 6 (1) (1)
30 1 (1) 1 (1) 1 (1) 4 1
35 1 (1) 5 (1) 1 (1) 1 (1) 2 (1)
40 1 (1) 8 (1) 1 (1) 2 5
45 1 (1) 2 (1)
50 1 1 1
55 1
60 1
Mean discount (%) 30 30 10 25 25

NOTE.—Experiments 1 and 3 utilized the negative-skew low-mean (NSLM),
positive-skew low-mean (PSLM), and negative-skew high-mean (NSHM) dis-
tributions, while experiment 2 utilized the normal and bimodal distributions.The
stimuli for experiment 1 were airline ticket prices, and thus full price was $2,400.
The stimuli for experiments 2 and 3 were prices for 2-liter bottles of cola, and
thus full price was $1.80. After rating the contextual set of prices, subjects
rated the five focal prices. The price frequency of the focal prices are shown
in parentheses.

szewski and Lichtenstein (1999), provides a complementary
test to the first. Whereas test 1 manipulates the range in
distributions with the same mean price, test 2 manipulates
the mean in distributions with the same range of prices.
After a discussion of the experimental methods, each test
will be addressed separately.

Methods

Subjects. One hundred and ninety-four students re-
ceived extra credit to participate in the experiment. Of these
subjects, 62% were female. The mean in age was 22 years,
with a standard deviation of 3.3 years and a range of 19 to
47 years. Insofar as the purpose of this research is to test
competing explanations of psychological processes, data
collected from college students is appropriate (Mook 1983).

Design. The experimental design is a single between-
subjects factor with three levels of price distribution (neg-
ative-skew low-mean, positive-skew low-mean, and nega-
tive-skew high-mean). Table 1 provides the number of prices
at each discount level and the mean discount of the price
set. Although price discounts are discussed in order to pro-
vide a more managerially relevant dialogue, the experimen-
tal stimuli are prices, and therefore the designation of dis-
tribution skew is with respect to prices. Subjects evaluated
prices at 20%, 25%, 30%, 35%, and 40% discounts after
they evaluated the 20 prices shown in table 1. The first 20
prices were used to establish the context. The last five price
judgments were used in the MANOVA and model fitting.
The presentation order of the first 20 contextual prices was
randomized for each subject to mitigate order effects. Sim-
ilarly, the presentation order of the last five target prices
was randomized.

Procedure. The experiment required a manipulation of
internal reference price. This was accomplished by exposing
subjects to brand prices over time. Consistent with the meth-
ods used by Wedell et al. (1990) and Kalwani and Yim
(1992), subjects were exposed to a series of stimuli (brand
prices) presented sequentially on a computer screen. These
prices were intended to simulate price evaluations over a
number of purchase occasions. Each screen was intended to
represent one purchase occasion. After exposure to each
brand price, subjects were required to rate the attractiveness
of that price.

The discount sizes were established based on previous
research in which discounts ranged from 10% to 40% (Kal-
wani and Yim 1992), and from 10% to 60% (Janiszewski
and Lichtenstein 1999). To allow for enough price levels to
manipulate discount distributions, the current research used
13 discount levels from 0% to 60% in increments of 5%.
The 5% increment is consistent with the 6% “just noticeable
difference” reported by Kalwani and Yim (1992, p. 96), and
with the 5% promotion definition employed by Rao, Arjunji,
and Murthi (1995). Twenty-five purchase occasions were
selected in order to provide enough prices to manipulate the
discount patterns, yet not so many as to cause subject fatigue.

This number is more than the 11 prices used by Janiszewski
and Lichtenstein (1999) but far less than the 60 choice oc-
casions used by Kahn and Louie (1990) and Alba et al.
(1994).

Experimental Materials. Airline ticket prices that are
available to consumers in an electronic shopping environ-
ment was selected as the product category. As a large num-
ber of Web sites provide airline price information to con-
sumers, the experimental paradigm would seem particularly
relevant to price searches on the Internet. However, con-
sumers may have existing internal reference prices for fa-
miliar airline tickets. To reduce the effect of previous price
knowledge, a relatively complex airline ticket price was
constructed. Specifically, subjects were provided airline
ticket prices for a vacation that originated in the United
States and made stops one week apart in London, Rome,
Paris, Madrid, and Munich before returning to the United
States. The range of prices selected for experiment 1 was
intended to be representative of marketplace prices. To this
end, a survey of airline ticket prices was conducted using
a convenience sample of Web sites that were available on
the Internet. Based on these data, the range of prices used
in experiment 1 was from $2,400 (full price) to $960 (60%
discount).

Measures. After exposure to ticket prices, subjects
were asked to evaluate the price attractiveness on a nine-
point scale that was anchored by “a very attractive price”
(1) and “a very unattractive price” (9). This measure is
similar to the price attractiveness rating used by Janiszewski
and Lichtenstein (1999). The stimulus exposure time was
self-paced to simulate the price elaboration time in electronic
shopping environments. Nevertheless, response time was in-
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cluded as a potential covariate. The computer was used to
measure unobtrusively the response time of each evaluation.
After all prices were rated, a manipulation check was ad-
ministered. Subjects were provided a list of nine prices
($2,400, $2,160, $2,040, $1,920, $1,800, $1,680, $1,560,
$1,440, and $960) and were asked to identify the highest,
lowest, and average prices in the experiment.

Preliminary Checks. The mean correlation between
prices and ratings for all 194 subjects was .814. However,
the nature of this scale appeared problematic for some sub-
jects, as indicated by the near-zero or high-negative corre-
lations. Apparently, some subjects reversed the measurement
scale, while others did not seriously participate in the ex-
periment. In an attempt to remove the systematic error re-
sulting from incorrect scale usage, .50 was selected as a
cutoff based on visual inspection of the data. With 19 sub-
jects removed, the remaining 175 subjects had a mean cor-
relation between prices and ratings of .908. Identical anal-
yses were performed on the group consisting of all 194
subjects and on the more reliable group consisting of 175
subjects. The results are virtually identical in both groups.
Consequently, only the results of the high-reliability subjects
are reported. In addition, as response times did not signif-
icantly differ across distributions, the response time cov-
ariate is not included in the analysis reported here.

Manipulation Checks. The manipulation checks were
evaluated in separate one-way ANOVAs. We expect large
between-subject differences in price recognition when treat-
ment conditions differ in high, low, or average prices. We
also expect relatively small differences when treatment con-
ditions do not differ in high, low, or average prices because
of the effect of stimulus frequency on memory. In test 1,
the range of the prices in the negative-skew low-mean and
positive-skew low-mean conditions were manipulated. The
price recognition of the range was significantly higher
( , , ) in the positive-2F(1, 131) p 218.1 p p .000 h p .626
skew low-mean condition ( , )M p $2,290 SD p $171.9
than in the negative-skew low-mean condition (M p

, ). The range was significantly lower$1,941 SD p $79.3
( , , ) in the negative-2F(1, 131) p 4,219 p p .000 h p .970
skew low-mean condition ( , ) than inM p $960 SD p $0.0
the positive-skew low-mean condition ( ,M p $1,433

). Finally, the average price was significantlySD p $57.8
higher ( , , ) in the neg-2F(1, 131) p 12.9 p p .000 h p .090
ative-skew low-mean condition ( ,M p $1,724 SD p

) than in the positive-skew low-mean condition$118.6
( , ). As there are large differencesM p $1,645 SD p $131.9
in the range and small differences in the mean, the manip-
ulation was successful.

In test 2, the mean in the positive-skew low-mean and
negative-skew high-mean conditions were manipulated. The
mean price was significantly higher ( ,F(1, 130) p 252.5

, ) in the negative-skew high-mean con-2p p .000 h p .662
dition ( , ) than in the positive-M p $2,079 SD p $178.9
skew low-mean condition ( , ).M p $1,645 SD p $131.9
The range was significantly higher ( ,F(1, 130) p 25.2

, ) in the negative-skew high-mean con-2p p .000 h p .163
dition ( , ) than in the positive-skewM p $2,400 SD p $0.0
low-mean condition ( , ). TheM p $2,290 SD p $171.9
range was significantly lower ( ,F(1, 130) p 19.8 p p

, ) in the positive-skew low-mean condition2.000 h p .133
( , ) than in the negative-skew high-M p $1,433 SD p $57.8
mean condition ( , ). Again, theM p $1,494 SD p $96.4
large differences in the mean and the small differences in
the range suggest that the manipulation was successful.

Test 1 Results

MANOVA. After exposure to a set of brand prices, each
of the theories competes in their predictions of consumer
price judgments. The first test of the three contextual models
employs a 2 (distribution: positive-skew low-mean, nega-
tive-skew low-mean) by 5 (discount size: 20%, 25%, 30%,
35%, and 40%) MANOVA with repeated measures on dis-
count size. Because the midpoint of the price range is higher
in the positive-skew low-mean distribution than in the neg-
ative-skew low-mean distribution, range theory and range-
frequency theory predict that ratings will be more attractive
in the positive-skew low-mean distribution. In addition, be-
cause of the frequency effect, range-frequency theory pre-
dicts an interaction between price and distribution such that
ratings in the negative-skew distribution will be convex,
while ratings in the positive-skew distribution will be con-
cave, with respect to attractiveness ratings. Because range
theory does not account for frequency effects, range theory
predicts no interaction. Finally, differences in discount dis-
tributions with the same mean cannot be explained by ad-
aptation-level theory; thus, no differences were predicted
between the ratings in the two distributions. A summary of
the model predictions and the MANOVA findings are pro-
vided in table 2.

The mean attractiveness ratings, denoted by points, are
plotted in figure 2. The critical tests are provided by the
interaction between price and distribution, which is statisti-
cally significant ( , , ),2F(4, 110) p 5.02 p p .001 h p .043
and the main effect of distribution, which is also significant
( , , ). As predicted by2F(1, 113) p 5.74 p p .018 h p .048
both range theory and range-frequency theory, ratings are
more attractive in the positive-skew low-mean distribution
( , ) than in the negative-skew low-M p 5.543 SD p 1.539
mean distribution ( , ). PlannedM p 5.993 SD p 1.514
within-subject polynomial contrasts were evaluated to test the
nature of the interaction. As predicted by range-frequency
theory, the quadratic term for interaction between price and
distribution is statistically significant ( ,F(1, 113) p 31.54

, ). Thus, test 1 provides support for2p p .000 h p .218
range-frequency theory, mixed support for range theory, and
no support for adaptation-level theory.

Model Fitting. The models were fit to the data using
least-squares iterative nonlinear regression. The overall
mean attractiveness ratings were computed for the five focal
prices in the positive-skew low-mean and negative-skew
low-mean distributions. Thus, mean ratings for 10 prices
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TABLE 2

SUMMARY OF MANOVA PREDICTIONS AND FINDINGS

Hypotheses Experiment 1, test 1 Experiment 1, test 2 Experiment 2

H1 (ALT):
Prediction There are no differ-

ences between the
price attractiveness
ratings in the posi-
tive-skew low-mean
and the negative-
skew low-mean
distributions

Price ratings will be
more attractive in the
negative-skew high-
mean distribution
than in the positive-
skew low-mean dis-
tribution, and there is
no price by distribu-
tion interaction

There are no differ-
ences between the
price attractiveness
ratings in the nor-
mal and the bimodal
distributions

Finding Not supported Mixed support Not supported
H1 (RT):

Prediction Price ratings will be
more attractive in the
positive-skew low-
mean distribution
than in the negative-
skew low-mean dis-
tribution, and there is
no price by distribu-
tion interaction

There are no differ-
ences between the
price attractiveness
ratings in the nega-
tive-skew high-mean
and the positive-
skew low-mean
distributions

There are no differ-
ences between the
price attractiveness
ratings in the nor-
mal and the bimodal
distributions

Finding Mixed support Not supported Not supported
H1 (RFT):

Prediction Price ratings will be
more attractive in the
positive-skew low-
mean distribution
than in the negative-
skew low-mean dis-
tribution, and there is
a price by distribu-
tion interaction

Price ratings will be
more attractive in the
negative-skew high-
mean distribution
than in the positive-
skew low-mean dis-
tribution, and there is
a price by distribu-
tion interaction

Given the normal and
bimodal distribu-
tions, price attrac-
tiveness ratings are
affected by the in-
teraction between
price and
distribution

Finding Supported Supported Supported

were used to fit the models in test 1. Figure 2 provides the
mean attractiveness ratings (Aik) at each price level ($ik)
within each distribution condition, or context k, and the
model predictions. Additional details of the model fitting
procedures are provided in the appendix. As previously dis-
cussed, all models were fit with and without the valuation
function parameter. Constraining r to one isolates the sep-
arate effects of the competing integration functions that are
of primary concern in this experiment by holding the val-
uation function constant across all models. Thus, the results
are provided where r is constrained to one.

The results of the model fitting for test 1 are provided in
table 3. As seen in table 3, all parameter estimates are sig-
nificant at . As indicated by the R2 values, both rangep ! .01
theory and range-frequency theory fit the data very well.
However, as seen by the relatively low R2 values and the
model prediction shown in figure 2, adaptation-level theory
systematically does not fit the data. Adaptation-level theory
cannot account for the main effect of distribution. Further,
since the range model is nested within the range-frequency
model and the weighting parameter, w, is statistically sig-
nificant, the range-frequency model provides a better fit to
the data than does the range model. This is because range

theory cannot account for the nonlinear interaction between
price and distribution.

Discussion. Similar to Janiszewski and Lichtenstein
(1999), test 1 compared contextual theories by manipulating
the range in price distributions with the same mean. Using
price judgments of five prices common to both distributions,
both the MANOVA and model fitting results provide a clear
interpretation of the data. Consistent with the conclusions
of Janiszewski and Lichtenstein (1999), range theory pro-
vides a better account of the test 1 data than does adaptation-
level theory. Thus, test 1 provides some support for the
conclusion that the cognitive representation of reference
price may include the two prices that define the range of
the contextual set and not just the mean price. However,
because Janiszewski and Lichtenstein (1999) measured only
the mean price, the interaction between price and distribution
could not be evaluated. Range theory cannot account for
the nonlinear interaction in test 1. This interaction was cor-
rectly predicted by the frequency effect. Thus, test 1 pro-
vides support for range-frequency theory and the exemplar
conceptualization of reference price.
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FIGURE 2

EXPERIMENT 1: UNATTRACTIVENESS RATINGS BY PRICE AND DISTRIBUTION

NOTE.—Points denote empirical data, and lines represent model predictions. Attractiveness ratings are scaled from very attractive (1) to very unattractive (9).
Predictions from the range-frequency theory (RFT) adhere closely to empirical points and reflect the contextual effects in both tests. Predictions from range theory
(RT) capture basic effects in test 1 but not in test 2. Predictions from adaptation-level theory (ALT) capture basic effects in test 2 but not in test 1. Distributions
were positive-skew low-mean (PSLM), negative-skew low-mean (NSLM), and negative-skew high-mean (NSHM).

Test 2 Results

MANOVA. The second test of the three contextual mod-
els employs a 2 (distribution: positive-skew low-mean, neg-
ative-skew high-mean) by 5 (discount size: 20%, 25%, 30%,
35%, and 40%) MANOVA with repeated measures on dis-
count size. Because the mean price is higher in the negative-
skew high-mean distribution than in the positive-skew low-
mean distribution, adaptation-level theory and range-
frequency theory predict that ratings will be more attractive
in the negative-skew high-mean distribution. In addition, be-
cause of the frequency effect, range-frequency theory predicts
an interaction between price and distribution such that the
positive-skew distribution will be concave, while the nega-
tive-skew distribution will be linear, with respect to attrac-
tiveness ratings. Because adaptation-level theory is a linear
model, it cannot account for nonlinear frequency effects. Fi-
nally, as differences in discount distributions with the same
range cannot be explained by range theory, no differences
were predicted between the ratings in the two distributions.
A summary of the model predictions and the MANOVA
findings are provided in table 2.

The mean attractiveness ratings, denoted by points, are
plotted in figure 2. The critical test is provided by the inter-
action between price and distribution, which is statistically
significant ( , , ), and2F(4, 113) p 25.99 p p .000 h p .183
the main effect of distribution, which is also significant
( , , ). As predicted by2F(1, 116) p 68.10 p p .000 h p .370
both adaptation-level theory and range-frequency theory, rat-

ings are more attractive in the negative-skew high-mean dis-
tribution ( , ) than in the positive-M p 3.013 SD p 1.665
skew low-mean distribution ( , ).M p 5.543 SD p 1.539
Planned within-subject polynomial contrasts were evaluated
to test the nature of the interaction. As predicted by range-
frequency theory, the quadratic term for the interaction be-
tween price and distribution is statistically significant
( , , ). Thus, test 2 pro-2F(1, 116) p 11.65 p p .001 h p .091
vides support for range-frequency theory, mixed support for
adaptation-level theory, and no support for range theory.

Model Fitting. The overall mean attractiveness ratings
were computed for the five focal prices in the positive-skew
low-mean and negative-skew high-mean distributions and
were used to fit the models in test 2. Figure 2 provides the
mean attractiveness ratings and the model predictions. The
results of the model fitting for test 2 are provided in table
3. Except as noted, all parameter estimates are significant
at . As indicated by the R2 values, both adaptation-p ! .01
level theory and range-frequency theory fit the data very
well. However, as seen by the low R2 values and the model
prediction in figure 2, range theory systematically does not
fit the data. That is, range theory cannot account for the
main effect of distribution. In addition, since the range
model is nested within the range-frequency model and the
weighting parameter, w, is statistically significant, the range-
frequency model provides a better fit to the data than does
the range model.
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TABLE 3

MODEL FIT RESULTS

Model

Experiment 1,
test 1

Experiment 1,
test 2 Experiment 2

Experiment 3,
simultaneous

Experiment 3,
sequential

Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE

Range:
R 2 .982 .257 .994 .792 .959
r �.530 .349a

$min,hi 912 63.84 914 545a 1.004 .062 1.015 .028
$min, lo 774 76.88 .930 .014 .868 .123 .805 .064
$min,hi 2,327 54.22 2,842 815 1.909 .049 1.794 .119 1.852 .062
$min, lo 2,226 47.66 1.640 .120 1.591 .048

Adaptation-level:
R 2 .879 .955 .994 .904 .729
r �.530 .349a

a 5.669 .124 5.288 .134 5.527 .093 4.892 .160 4.844 .174
b .0056 .00073 .0046 .00035 �24.25 13.88a 8.461 .765 7.719 1.299

Range-frequency:
R 2 .994 .966 .999 .992 .997
r �1.002 .270
w .807 .062 .335 .056 .790 .045 .447 .036 .755 .021
$min,hi 844 66.08 �1,174 3,403a 1.033 .029 1.027 .010
$min, lo 572 123.7 .926 .009 .559 .166 .714 .033
$min,hi 2,369 52.53 3,876 2,495a 2.005 .060 1.898 .075 1.902 .026
$max, lo 2,204 42.21 1.709 .100 1.582 .019

NOTE.—The parameter estimates are the power function exponent, r ; the range-frequency theory weighting parameter, w; the adaptation-level theory intercept,
a; and the slope, b; the range theory estimates for the minimum value in the high-price range, $min, hi; the maximum value in the high-price range, $max, hi; the minimum
value in the low-price range, $min, lo; and the maximum value in the low-price range, $max, lo.

aExcept as indicated by superscript, all parameter estimates are significant at .p ! .01

Discussion. Test 2 provides the complementary condi-
tion to test 1 by manipulating the mean in price distributions
while holding the range constant. As expected, adaptation-
level theory provided a better account of the data than did
range theory because the distribution main effect cannot be
explained by differences in the distribution range. The MAN-
OVA results provided evidence that the interaction and main
effects were significant and displayed the pattern predicted
by range-frequency theory. Also as expected, adaptation-level
theory was partially supported through the predicted main
effect, but it could not account for the observed interaction.
Further analysis of the models indicated that both the adap-
tation-level and range-frequency models provide good fits to
the data. As expected, the range model fit was poor. Thus,
test 2 provides additional support for range-frequency theory
and the exemplar conceptualization of reference price.

EXPERIMENT 2

Test 1 evaluated price judgments where the distribution
mean was held constant, while test 2 evaluated price judg-
ments where the distribution range was held constant. Ex-
periment 2 extends experiment 1 by holding both the range
and mean constant. This test is similar to the procedure used
by Birnbaum (1974) in testing contextual theories with num-
bers rather than prices. Although range theory was not
tested, Birnbaum (1974) found that range-frequency theory
provided a better account of judgments of numbers than did

adaptation-level theory. Experiment 2 also extends experi-
ment 1 by testing whether a prototype or an exemplar model
of reference prices provides a better account of consumer
price judgments. Finally, experiment 2 generalizes the pre-
vious experimental findings to a different product category.

Methods

Subjects. One hundred and fifty-three students received
extra credit for participating in the experiment. Of these
subjects, 51% were female. The mean age of subjects was
22 years, with a standard deviation of 3.5 years and a range
of 18 to 43 years.

Materials and Procedure. A 2-liter bottle of carbon-
ated beverage was selected as the product category for the
following reasons: first, price distributions of many grocery
items in high-low promotional stores (i.e., not everday low-
price stores) are bimodal (Raju, Srinivasan, and Lal 1990;
Rao et al. 1995; Villas-Boas 1995). Second, grocery items
were used in the experiment by Janiszewski and Lichtenstein
(1999). Finally, carbonated beverages are purchased fre-
quently and have considerable variability in price over time
and across brands and stores.

The procedure was similar to the first experiment with
the following exceptions: first, because the range was not
manipulated between subjects, less discount depth was re-
quired. Thus, price discounts ranged from 0% to 50% rather
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than from 0% to 60%. Second, additional contextual prices
were required to create the modality manipulation. Thus, 22
prices rather than 20 prices were used in the contextual set.
Again, the range of prices were intended to be representative
of marketplace prices. To this end, a survey of grocery store
prices of 2-liter bottles of carbonated beverages was con-
ducted using a convenience sample of local grocery stores.
Based on these data, the range of prices used in experiment
2 was from $1.80 (full price) to $.90 (50% discount).

Design and Measures. The prototype representation
can be tested by manipulating the modality in price sets with
the same range and mean. Therefore, we used a one-factor,
between-subjects design with two levels of price distribution
(normal and bimodal). Judgments of prices at 5%, 15%,
25%, 35%, and 45% discounts were taken after the 22 prices
shown in table 1. To mitigate order effects, the presentation
order of the first 22 prices was randomized for each subject.
Similarly, the presentation order of the last five target prices
was randomized. Because the mean and range were the same
in these two conditions, the manipulation measures from
experiment 1 were not used.

Preliminary Checks. The overall correlation between
prices and ratings for the 153 subjects in experiment 2 was
.836. Consistent with experiment 1, the lowest acceptable
correlation was set at .50. Consequently, 12 subjects were
removed from the sample. The remaining 141 subjects had
a mean correlation between prices and ratings of .887. Iden-
tical analyses were performed on two groups, one consisting
of all 153 subjects and the other consisting of the 141 sub-
jects in the high-reliability group. The conclusions of both
groups are the same. Thus, only the results of the high-
reliability subjects are reported here. Further, since there
were no effects of response latencies in experiment 2, the
results reported here do not include the response time
covariate.

Results

MANOVA. The analysis of the three contextual models
employs a 2 (distribution: normal, bimodal) by 5 (discount
size: 5%, 15%, 25%, 35%, and 45%) MANOVA with re-
peated measures on discount size. Given a bimodal and a
normal distribution of prices with the same range and mean,
adaptation-level theory and range theory predict no differ-
ences between these two distributions for price judgments
of any stimulus value. In contrast, range-frequency theory
predicts an interaction between distribution and price and
no main effect resulting from distribution. More specifically,
compared with the bimodal distribution, ratings in the nor-
mal distribution are predicted to be more attractive for prices
between the mean price and the lowest price in the contex-
tual set, and less attractive for prices between the mean price
and the highest price in the contextual set.

The mean attractiveness ratings, denoted by points, are
plotted in figure 3. As predicted by all three theories, the main
effect of distribution was not significant ( ,F(1, 139) p 0.06

, ). Only range-frequency theory pre-2p p .804 h p .000
dicted the interaction between price and distribution, which
was statistically significant ( , ,F(4, 136) p 3.67 p p .007

). Planned within-subject polynomial contrasts2h p .097
tested the nature of the interaction. As predicted by range-
frequency theory, the cubic term for the interaction between
price and distribution was statistically significant
( , , ). These results2F(1, 139) p 10.47 p p .002 h p .070
provide support for range-frequency theory and no support
for the competing theories. A summary of the model predic-
tions and the MANOVA findings are provided in table 2.

Model Fitting. The overall mean attractiveness ratings
were computed for the five focal prices in the normal and
bimodal distributions and were used to fit the models in
experiment 2. Figure 3 provides the mean attractiveness
ratings and the model predictions. All procedures are iden-
tical to those used in experiment 1. However, the results
reported here are for the set of models that allows for the
estimation of the valuation function parameter. As the range
of the focal prices extend from 5% to 45%, versus from
20% to 40% in experiment 1, the effect of the valuation
function becomes more pronounced. Thus, the fully speci-
fied models are reported because the better fitting models
are more easily interpreted in figure 3. As before, allowing
r to be a free parameter does not change the conclusions.

The results of the model fitting for experiment 2 are pro-
vided in table 3. Except as noted, all parameter estimates
are significant at . In the models, �r can be inter-p ! .01
preted as , where the positive relationship between�rS p �$
ratings and stimuli is maintained by the sign of the linear
parameter estimates. As indicated by the R2 values, all of
the models fit the data very well. Since the midpoint of the
range and the mean are in the same location in these two
price sets, the adaptation-level and range models provide
identical fits to the data. However, as seen in figure 3, range
theory and adaptation-level theory systematically misfit the
data because these two theories cannot account for the in-
teraction between price and distribution. As the range model
is nested within the range-frequency model and the weight-
ing parameter is statistically significant, the range-frequency
theory provides a better fit to the data than does range theory.

Discussion

Manipulating the modality of the two price sets was used
to test the representation of reference price. As the two
distributions share the same range and mean, range theory
and adaptation-level theory predict no differences in the
attractiveness ratings between these two price sets. However,
range-frequency theory predicts an interaction between price
and distribution. The hypotheses were evaluated using two
separate methods. In the MANOVA framework, the inter-
action between price and distribution was both significant
and in the direction predicted by range-frequency theory.
Model fitting showed that range-frequency theory provides
a significantly better fit to the data than range theory and
is the only model that can account for the crossover effect.
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FIGURE 3

EXPERIMENT 2: UNATTRACTIVENESS RATINGS BY PRICE AND DISTRIBUTION

NOTE.—Points denote empirical data, and lines represent model predictions. Attractiveness ratings are scaled from very attractive (1) to very unattractive (9).
Neither range theory (RT) nor adaptation-level theory (ALT) predicts any differences in ratings for the two distributions. Range-frequency theory (RFT) predicts the
contextual effect.

Thus, range-frequency theory was supported, while adap-
tation-level theory and range theory were not.

EXPERIMENT 3

The results of the first two experiments strongly support
the idea that consumers may use an exemplar representation
of reference price when price judgments are based on in-
ternal reference prices. One possible criticism of the pro-
cedure used in the first two experiments is that subjects were
forced overtly to rate each price in the contextual set, one
price at a time. Although consumers may evaluate a number
of prices in relatively short duration in an electronic shop-
ping environment, there are a number of situations in which
this is clearly not the case. The forced judgment task may
map prices to overt categories, resulting in an increased
frequency effect. To mitigate this issue in experiment 3,
attractiveness ratings were not collected for the prices in the
contextual set.

A second issue concerns situations in which consumers
use external reference prices in a price judgment task. The
presentation conditions in experiment 3 were intended to
represent price judgments using either external or internal
reference prices. As stated in hypotheses 2 and 3, we pre-
dicted that subjects will give more weight to the range when
price judgments are memory based than when price judg-

ments are stimulus based. As a result, the affect of distri-
bution on price judgments, as well as the model fits, are
expected to be moderated by the stimulus presentation
condition.

Although experiment 3 provides an additional test of com-
peting contextual theories, the primary purpose is to test
hypotheses 2 and 3. The hypotheses were tested in a number
of ways. First, we evaluated the attractiveness ratings and
response times in a MANOVA framework. Second, we eval-
uated the price recognition data using cross-tabulations. Fi-
nally, we fit the three contextual models to the data using
the same procedure as in the previous experiments.

Methods

Subjects and Materials. Two hundred and eighty-
seven students received extra credit for participating in the
experiment. Of these subjects, 56% were female. The mean
age of subjects was 22.5 years, with a standard deviation
of 4.5 years and a range of 19 to 49 years. As in experiment
2, carbonated beverages was selected as the product
category.

Design and Procedure. Subjects were randomly as-
signed in a 3 (price distribution: negative-skew low-mean,
positive-skew low-mean, and negative-skew high-mean) by
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2 (stimulus presentation: sequential and simultaneous) be-
tween-subjects design. The discount distributions were the
same as in experiment 1. Thus, the range of cola prices used
in experiment 3 was from $1.80 (full price) to $.72 (60%
discount). Subjects were exposed to a total of 25 prices, as
shown in table 1. The presentation order of the 20 contextual
prices was randomized for each subject to mitigate order
effects. Similarly, the presentation order of the five focal
prices, evaluated at 20%, 25%, 30%, 35%, and 40% dis-
counts, was also randomized.

In contrast to the previous experiments, attractiveness rat-
ings were not measured for the 20 contextual prices. The
sequential presentation procedure was the same as the one
used in the first two experiments, with subjects exposed to
the 25 prices, one at a time. However, in the simultaneous
presentation condition, subjects were provided with all the
prices at the same time. Specifically, they were presented
with five computer screens, one for each focal price. Each
screen provided subjects with the 20 contextual prices and
one randomly selected focal price. The measures were the
same as in experiment 1.

Preliminary Checks. The overall correlation between
prices and ratings for the 287 subjects in experiment 3 was
.689. As before, the lowest acceptable correlation was set
at .50. Consequently, 44 subjects were removed from the
sample. The remaining 243 subjects had a mean correlation
between prices and ratings of .887. Identical analyses were
performed on two groups, one consisting of all 287 subjects
and the other consisting of the 243 subjects in the high-
reliability group. The conclusions of both groups are the
same. Thus, only the results of the high-reliability subjects
are reported here.

Manipulation Checks. As in experiment 1, the range
of the prices in the negative-skew low-mean and positive-
skew low-mean conditions were manipulated. The price rec-
ognition of the range was significantly higher
( , , ) in the positive-2F(1, 210) p 130.6 p p .000 h p .385
skew low-mean condition ( , ) thanM p $1.672 SD p $0.178
in the negative-skew low-mean condition ( ,M p $1.462

). The range was significantly lowerSD p $0.009
( , , ) in the negative-2F(1, 210) p 199.1 p p .000 h p .488
skew low-mean condition ( , ) thanM p $0.815 SD p $0.166
in the positive-skew low-mean condition ( ,M p $1.080

). Finally, there was no significant differenceSD p $0.005
between the average price in the two conditions
( , , ). As there are large2F(1, 210) p 0.0 p p .969 h p .000
differences in the range and no difference in the mean, the
manipulation was successful.

Similarly, as in experiment 1, the mean of the prices in
the positive-skew low-mean and negative-skew high-mean
conditions were manipulated. The average price was sig-
nificantly higher ( , , )2F(1, 158) p 88.7 p p .000 h p .361
in the negative-skew high-mean condition ( ,M p $1.466

) than in the positive-skew low-mean condi-SD p $0.145
tion ( , ). The range was signifi-M p $1.280 SD p $0.102
cantly higher ( , , ) in2F(1, 158) p 12.9 p p .000 h p .075

the negative-skew high-mean condition ( ,M p $1.760
) than in the positive-skew low-mean condi-SD p $0.122

tion ( , ). Finally, there was noM p $1.672 SD p $0.178
significant difference between the two groups in the low
price recognition ( , , ).2F(1, 158) p 2.4 p p .120 h p .015
As there are large differences in the mean and small dif-
ferences in the range, the manipulation was successful.

Results

MANOVA. The hypotheses were tested in a 3 (distri-
bution: negative-skew low-mean, positive-skew low-mean,
negative-skew high-mean) by 2 (stimulus presentation: se-
quential, simultaneous) by 5 (discount size: 20%, 25%, 30%,
35%, and 40%) MANOVA with repeated measures on dis-
count size. The dependent variables were response times
and attractiveness ratings for the five focal prices. If subject
evaluations consider only the high and low prices, ratings
should not differ between the negative-skew high-mean and
positive-skew low-mean conditions. Conversely, if subject
evaluations consider only the mean price, ratings should not
differ between the negative-skew low-mean and positive-
skew low-mean conditions. As shown in figure 4, there is
a significant interaction between distribution and presenta-
tion condition on attractiveness ratings ( ,F(2, 237) p 5.64

, ). Mean ratings, denoted by lines in2p p .004 h p .045
figure 4, in the positive-skew low-mean and negative-skew
high-mean conditions are more similar in the sequential con-
dition than in the simultaneous condition. On the other hand,
mean ratings in the positive-skew low-mean and negative-
skew low-mean conditions are more similar in the simul-
taneous condition than in the sequential condition. Thus,
relative to each other, subjects in the simultaneous presen-
tation condition place more weight on the mean, while sub-
jects in the sequential presentation condition place more
weight on the range of reference prices.

The previous finding suggests that subjects are comparing
the focal price against more contextual prices in the simul-
taneous presentation condition than in the sequential pre-
sentation condition. If this were the case, we would expect
price judgments to take longer in the simultaneous condition.
Confirmation of this process is provided by the significant
main effect of presentation condition on response times in
the repeated measures MANOVA ( ,F(1, 237) p 74.56

, ). Specifically, response times were sig-2p p .000 h p .239
nificantly longer for subjects in the simultaneous presenta-
tion condition ( secs., ) than forM p 11.048 SD p 4.606
subjects in the sequential presentation condition (M p

secs., ). Thus, both the attractiveness rat-6.570 SD p 2.624
ings and response times provide support for hypotheses 2
and 3.

Price Recognition. We have argued that, relative to
subjects in the simultaneous presentation condition, subjects
in the sequential presentation condition place more weight
on high and low prices because these extreme values are
more salient than other less-available reference prices. If
this were true, then price recognition for high and low prices
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FIGURE 4

EXPERIMENT 3: UNATTRACTIVENESS RATINGS BY DISTRIBUTION AND PRESENTATION CONDITION

NOTE.—Lines denote empirical data, and points represent model predictions. Attractiveness ratings are scaled from very attractive (1) to very unattractive (9).
The significant interaction between distribution and presentation condition indicates that, relative to each other, range effects are stronger in the sequentialpresentation
condition (Seq) and frequency effects are stronger in the simultaneous presentation condition (Sim). Predictions from the range-frequency theory (RFT) adhere
closely to empirical lines. Predictions from adaptation-level theory (ALT) and range theory (RT) do not fit the data. Distributions were negative-skew low-mean
(NSLM), positive-skew low-mean (PSLM), and negative-skew high-mean (NSHM).

should be better for subjects in the sequential rather than in
the simultaneous condition. To test this proposition, re-
sponses for high and low price recognition used for the
manipulation check were recoded into correct and incorrect
categories. As expected, subjects were more likely to rec-
ognize the high price correctly in the sequential presentation
condition (86.2%) than in the simultaneous presentation con-
dition (72.5%), and this difference is statistically significant
( , ). Also as expected, subjects were2x p 6.95 p p .008
more likely to recognize the low price correctly in the se-
quential presentation condition (91.9%) than in the simul-
taneous presentation condition (80.0%), and this difference
is statistically significant ( , ). Thus, the2x p 7.11 p p .008
price recognition data provide additional support for hy-
potheses 2 and 3.

Model Fitting. The model fitting procedure used in ex-
periment 3 was the same one that was used in the previous
experiments, except that ratings from three distributions
were used rather than two. The overall mean attractiveness
ratings were computed for the five focal prices in the neg-
ative-skew low-mean, positive-skew low-mean, and nega-
tive-skew high-mean distributions. Thus, mean ratings for
15 prices were used to fit the models in each presentation
condition. Consistent with experiment 1, the valuation pa-

rameter was constrained to one. As before, allowing r to be
a free parameter does not change the conclusions. The results
of the model fitting for experiment 3 are provided in table
3. All parameter estimates are significant at .p ! .01

Each contextual model differs in its operationalization of
reference prices. If hypotheses 2 and 3 are correct, each
model will be affected by the presentation condition. Be-
cause adaptation-level theory is heavily influenced by fre-
quency effects, hypothesis 2 suggests that adaptation-level
theory should fit better in the simultaneous presentation con-
dition than in the sequential presentation condition. As
shown in table 3, the adaptation-level model R2 value is
higher in the simultaneous presentation condition (.904) than
in the sequential presentation condition (.729). It is also clear
from figure 4 that adaptation-level theory fits the data better
in the simultaneous presentation condition, providing ad-
ditional support for hypothesis 2.

In contrast, range theory considers only the high and low
prices. Consequently, hypothesis 3 predicts that range theory
should fit better in the sequential presentation condition than
in the simultaneous presentation condition. As shown in
table 3, the range model R2 value is higher in the sequential
presentation condition (.959) than in the simultaneous pre-
sentation condition (.792). It is clear from figure 4 that range
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theory fits the data better in the sequential presentation con-
dition, providing further support for hypothesis 3.

In range-frequency theory, w describes the relative weight
given to the range and frequency principle. As the weighting
parameter approaches the theoretical limit of one, range-
frequency theory approaches range theory. While, the model
fit is not expected to be affected by the presentation con-
dition, hypotheses 2 and 3 suggest that the weighting pa-
rameter will be moderated by the presentation condition. As
shown in table 3 and figure 4, range-frequency theory pro-
vides excellent fits in both presentation conditions. As ex-
pected, the weighting parameter is significantly higher
( , ) in the sequential presentation con-t p 10.85 p p .000
dition ( , ) than in the simultaneousw p .755 SE p .0209
presentation condition ( , ). Thus, thew p .447 SE p .0359
presentation condition moderates the weighting parameter
in the range-frequency model, providing additional support
for hypotheses 2 and 3.

Discussion

Hypotheses 2 and 3 were tested using measures of price
attractiveness, response time, and price recognition. The
analysis provides empirical evidence that subjects in the
sequential presentation condition took less time to evaluate
the focal prices and were more likely to identify the highest
and lowest prices correctly than were subjects in the si-
multaneous condition. These data are consistent with the
ideas that subjects in the sequential presentation condition
compared the focal price to fewer prices and that the most
salient prices were the highest and lowest prices in the con-
textual set. In addition, the MANOVA provides evidence
that attractiveness ratings are affected by the interaction be-
tween distribution and stimulus presentation condition. Con-
sequently, the fit of the contextual models was moderated
by the presentation condition. Taken together, these data
provide strong evidence that price contexts, and thus judg-
ments, are moderated by the processing environment. Spe-
cifically, subjects in the sequential presentation condition
place more weight on extreme values in the contextual set.
As a result, range effects are stronger in the sequential pre-
sentation condition, and frequency effects are stronger in
the simultaneous presentation condition.

GENERAL DISCUSSION

The purpose of this research was to provide a better un-
derstanding of the cognitive representation of reference
prices and of how these prices are used by consumers in a
price judgment task. To address these questions, Volkmann’s
(1951) range theory, Parducci’s (1965) range-frequency the-
ory, and Helson’s (1947, 1964) adaptation-level theory were
pitted against each other under a number of experimental
conditions. The results of these experiments provide a num-
ber of theoretical contributions.

Reference Prices

As previously discussed, each contextual model concep-
tualizes reference price differently. Thus, support for one
model provides evidence in favor of the assumed reference
price representation. The prototype (adaptation-level theory)
and range (range theory) conceptualizations were inconsis-
tent with the data in experiment 1 and could not explain the
effects of price distribution in experiment 2. Over a number
of experimental conditions, range-frequency theory pro-
vided the best account of the data, which supported the idea
that consumers store, retrieve, and use a rich array of price
information in the process of generating price judgments.
Consumers not only have a sense of the range but also of
the relative frequencies of prices they have encountered. The
distributional effects of price on judgments are consistent
with an exemplar model of reference price.

While the cognitive representation of reference price ap-
pears to be exemplar based, not all exemplars in the relevant
price set appear to be equally important in price judgment.
The observation of high values of the range weighting in
some conditions suggests that the two prices defining the
range may at times explain the majority of reference price
effects. Furthermore, the weight given to the reference prices
appears to depend on how these are experienced. We have
argued here that range values are salient and thus more easily
retrieved from memory (Fiske and Taylor 1991; Tversky
and Kahneman 1973). Intermediate values, on the other
hand, while readily available in the simultaneous condition,
may not be as easily retrieved in the sequential condition.
Thus, prices defining the range receive greater weight in the
sequential presentation condition than in the simultaneous
condition. These data suggest that, relative to each other,
the range values of internal reference prices are more heavily
weighted and the intermediate values of external reference
prices are more heavily weighted.

Support for hypotheses 2 and 3 may provide a number
of implications to reference price researchers. For example,
Mazumdar and Papatla (2000) find that the weight given to
internal and external reference prices may vary by product
category. This finding underscores the need to consider
range and frequency effects in the operationalization of ref-
erence prices in choice models. One implication for brand
choice modelers is that internal reference price may need
to include a range component in addition to the exponen-
tially weighted model that is often suggested (Briesch et al.
1997; Jedidi, Mela, and Gupta 1999). In addition, hypoth-
eses 2 and 3 may suggest an additional mechanism for some
of the effects reported by Alba and his colleagues. Alba et
al. (1994) found that discount frequency had a stronger effect
on price perceptions than did discount depth in a number
of experiments when the stimulus presentation mode was
predominantly simultaneous. On the other hand, Alba et al.
(1999) found the reverse was typically true when prices were
presented sequentially. The findings here suggest that the
stimulus complexity explanation provided by Alba et al.
(1999) may be moderated by the stimulus presentation
condition.
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Applicability of Contextual Models

While range-frequency theory provided the most robust
explanation for the experiments conducted here, there were
conditions in which adaptation-level theory and range theory
provided very good accounts of the data. In reference price
sets containing only one or two values, all three models will
provide the same fit. Further, all three models will provide
similar fits in larger reference price sets when the mean and
the midpoint of the contextual range are the same. One
exception to this statement was demonstrated in experiment
2, in which adaptation-level theory and range theory could
not account for differences in distribution modality. In ad-
dition, adaptation-level theory may provide a relatively good
explanation of price perceptions that are dominated by fre-
quency effects, such as was found with external reference
prices. In contrast, range theory may provide a relatively
good explanation of price perceptions that are dominated
by range effects, such as was found for internal reference
prices.

Future Research

This research has investigated reference price effects in
a laboratory setting. However, it is not clear how many
reference price categories consumers use in evaluating price
(Kalyanaram and Winer 1995). Winer (1988) has argued
that there may be as many as eight types of reference prices.
Consumers may use multiple reference prices in a single
judgment. Multiple reference price categories suggest that
consumers may make multiple evaluations, which are even-
tually integrated into a single price judgment of the brand.
Alternately, multiple reference price categories could be in-
tegrated into a single category against which a single eval-
uation is made. Given the use of multiple reference price
types, it is not clear when integration of this information
occurs. Providing an understanding of the timing of inte-
gration is an interesting avenue for future research.

In addition, a better understanding of the cognitive rep-
resentation of reference price is needed. This experiment
suggests that reference price may be more accurately rep-
resented as a set of exemplars rather than how it is repre-
sented in the current prototype view. However, it may be
possible to explain these data with other reference price
conceptualizations, such as an exemplar-prototype hybrid.
More generally, the values in the context at the time of the
evaluation are important since they will determine the price
judgment. For example, assume that a consumer has pur-
chased a product over a 10-year period. Although the con-
sumer may encode all 10 years of prices, it unlikely that all
10 years of prices are retrieved at the time of the evaluation.
It seems reasonable to expect that some prices are more
salient than others. Perhaps the context is set by the high
and low prices, which are more easily retrieved, along with
some subset of the more available prices.

APPENDIX

MODEL FITTING

The adaptation-level model is shown in equation A1. The
adaptation-level model has three parameters to be estimated
(a, b, and r) and two variables ($ik and $al, k).

r rA p a � b ($ � $ ). (A1)ik ik al, k

The range-frequency model (eq. A2), has four parameters
to be estimated ($max, k, $min, k, r, and w) and three variables
($ik, Rankik, and Nk). Since the price attractiveness scale varied
from 1 to 9, Amin and from equation 6 are 1 and 8,A � 1n

respectively. However, as shown in table 1, the distributions
do not share the same range in all cases. To account for the
range effect across these distributions, two additional param-
eters are required. For the purpose of nomenclature, let k
represent the distribution in either the “hi” or “lo” range of
prices and let “max” and “min” represent the extreme values
that define the range in distribution k. Thus, the range-fre-
quency model tested here has six parameters estimates (w, r,
$max, hi, $max, lo, $min, hi, and $min, lo). Three dummy variables were
used to account for the different range values across the
distributions.

r r r rA p 1 � 8[w($ � $ )/($ � $ )ik ik min , k max , k min , k

� (1 � w)(Rank � 1)/(N � 1)]. (A2)ik k

The range model (eq. A3), is equivalent to equation A2
when . The range model has one variable ($ik) andw p 1
three parameters to be estimated (r, $max, k, and $min, k). Two
additional parameters are required to account for the range
effect across these distributions. Thus, the range model tested
here requires five parameter estimates (r, $max, hi, $max, lo,
$min, hi, and $min, lo). Again, dummy variables were used to
account for the difference in range across the distributions.

r r r rA p 1 � 8($ � $ )/($ � $ ). (A3)ik ik min , k max , k min , k
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