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HEDONIC PRICES FOR A NONDURABLE GOOD:
THE CASE OF BREAKFAST CEREALS

Linda R. Stanley and John Tschirhart*

Abstract—Numerous studies have estimated hedonic price
functions for durable goods. In this paper we apply the
methodology to breakfast cereals, a nondurable good. We
employ maximum likelihood to estimate the hedonic price
functions using data from three large supermarkets. The price
function depends on characteristics that provide taste, nutri-
tion and convenience to consumers, and the estimates yield
insights into pricing policies, consumer preferences and con-
sumer use of information.

I. Introduction

Since Griliches’ (1961) early work examining quality
changes using hedonic price indexes for automobiles,
numerous empirical studies have estimated hedonic
prices for characteristics of durable goods such as
houses, automobiles and appliances. But nondurable
goods also can be defined by their inherent characteris-
tics. Moreover, depending on the good, the estimated
implicit prices may provide useful insights about con-
sumer preferences, the structure of the market in which
the good is sold, and how consumers gather and react
to information that describes the good.

In this paper we apply the hedonic technique to
estimate implicit prices of breakfast cereal characteris-
tics. We chose cereals because consumers can gather
information easily about cereal characteristics either
through experience, advertising or package labeling.
Our results provide insights about manufacturer and
retailer pricing policies, consumer preferences, the pre-
miums consumers pay for the convenience of ready-to-
eat breakfast cereals, and consumer response to nutri-
tional labeling. The latter is particularly important for
policies on information disclosure.

II. Empirical Analysis

To motivate the empirical work, we modify Rosen’s
(1974) theory by assuming that consumers derive utility
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from services, s, that the characteristics of the cereal
provide and from a composite good X. Thus, utility is
represented by the function

U(Syyeees Sy X).

Examples of these services might be the taste and
nutrition of cereals. Let z = (z|,..., z,) be the vector
of characteristics and let s,(z,,..., z,) be service h, h
= 1,..., m. A characteristic can enter positively into
one service and negatively into another. For example,
the sugar characteristic may increase the taste service
and decrease the nutrition service. Standard utility
maximization shows that the marginal implicit price of
a characteristic measures the value of an additional
unit of the characteristic relative to an additional dol-
lar’s worth of other goods. Remembering that there
may be some characteristic, z,, that enters positively
into one service function and negatively into another,
the marginal implicit price of z, may be positive over
some range of z, and negative over another. In equi-
librium, the marginal implicit prices represent the joint
envelope of the consumers’ value functions and the
firms’ offer functions.

The data for the project were gathered in 1985 from
four large supermarkets in the Portland, Oregon area:
Zupans (an independent grocer), Fred Meyer (a West
Coast chain), and two Safeway stores (a national chain).
We gathered data from several stores to look for
differences in the hedonic price function that may
suggest that stores set prices based on the preferences
of the customers they serve. For example, marginal
willingness to pay for a characteristic may vary across
income levels. In addition, gathering data from two
Safeway stores gives an indication of the control an
individual store has over price setting.'

Price and characteristic information were collected
for all cereals found at each of the stores. If a cereal
came in several different sizes, each size made up one
observation. The dependent variable is price per serv-
ing (PPS). The characteristics comprising the set of
independent variables were chosen based on the infor-
mation presented on each cereal package. Each char-
acteristic contributes to one or more of three services

' One Safeway store was located in a high income neighbor-
hood and one in a low income neighborhood; therefore, they
may serve different classes of customers.
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TABLE 1.—DEFINITIONS OF CHARACTERISTICS

Characteristic Services® Definition

vIT N,C (vitamin A + vitamin C + thiamine + riboflavin
+ niacin + iron)/6

NS C number of servings in box

sucC N, T,C grams of sucrose and other related sweeteners in
one serving

FIB N,T,C grams of fiber in one serving

NAT N 1 if the cereal claims to be natural

FRUIT N, T,C 1 if the cereal contains fruit

TEX1 T 1 if flakes

TEX2 T 1 if puffed

SOD N, T milligrams of sodium in one serving

PRE N,C 1 if cereal contains preservatives

GR1 N, T 1if corn

GR2 N, T 1 if rice

GR3 N, T 1 if oats

“Services: N = Nutrition; T = Taste; C = Convenience.

assumed to be positively related to utility: nutrition,
taste and convenience. Table 1 provides a list of char-
acteristics with their definitions and associated ser-
vices.

Variables appearing in the nutritional information
on the cereal package and included in our hedonic
price equation are grams of sucrose, SUC; milligrams
of sodium, SOD; grams of fiber, FIB; and the average
of the recommended daily allowance (RDA) of five
vitamins plus iron, VIT. We expect SUC and SOD to
be associated negatively with nutrition while FIB con-
tributes positively toward nutrition. However, SUC,
SOD, and FIB also enter into the taste service, and for
many consumers these variables are likely to enter with
a sign opposite from the nutrition service. Thus, the

signs of the implicit prices of these characteristics.

cannot be determined a priori. VIT, on the other hand,
enters into the nutrition service and convenience ser-
vice and we expect it to enter positively in both. VIT
enters the convenience service because consuming vita-
mins in a cereal is easier than censuming vitamins and
cereal separately. This may be especially important for
children. SUC and FIB also enter the convenience
service positively, but this will not alter the a priori
ambiguous signs of their implicit prices.

Two variables appearing in the nutrition table of a
cereal package but not included in the hedonic price
equation are calories and grams of fat. Grams of fat
are not included because the fat content varies little
among cereals. Calories are not included in the he-
donic price function because they are determined by
other variables included in the function, namely SUC
and FIB. Since including them would cause serious
multicollinearity problems, we estimate a reduced form
equation excluding calories.

NAT indicates that the word natural appears some-
where on the box, and it enters the nutrition service
only. If consumers perceive that NAT is positively

associated with health, its implicit price should be
positive. PRE measures whether the cereal contains
preservatives where the presence of preservatives in a
cereal is revealed in the ingredient list. Preservatives
enter negatively in the nutrition service and positively
in the convenience service, so that the sign of its
implicit price is ambiguous.

FRUIT measures the presence of fruit. We expect its
implicit price to be positive since it should enter posi-
tively into the taste, convenience, and nutrition ser-
vices. The major type of grain used in the cereal
(wheat, rice, corn, oats) is a characteristic that may
affect both the taste and nutrition. Three dummy vari-
ables were constructed to measure the grain; GR1,
GR2, and GR3. No a priori signs are hypothesized for
their implicit prices. Because cereals come in a variety
of textures, we categorize them according to whether
they are flakes (TEX1), puffed (TEX?2), or all others.
These variables enter the taste service only and we
predict no a priori signs on their implicit prices. One
other independent variable was included that is not
associated with health or taste. NS is the number of
servings in a box and it is included to measure the
inconvenience or convenience of buying a larger box.
NS? is also included in the hedonic equation.

Box-Cox techniques have been used extensively in
recent years to estimate hedonic price equations since
the appropriate functional form cannot be specified on
theoretical grounds. We used the linear Box-Cox func-
tional form?

PPS?M =qy + Y a, X )
where the Box-Cox transformations, PPS® and X®,

ke Cropper et al. (1988) find that the linear Box-Cox model
performs better in estimating the hedonic price function than
the quadratic form when some attributes are unobserved or
are replaced by proxies.
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have the form

Ve = (V& - 1)/,
= In(V),

6+#0
6=0.

Equation (1) was estimated by maximizing the trun-
cated normal distribution for the Box-Cox transforma-
tion suggested by Maddala (1983). To estimate unbi-
ased standard errors of the parameters, the covariance
matrix of the parameter estimates was derived from
the second derivative matrix of the likelihood function
according to Spitzer (1982).3

III. Results

In table 2 we present estimated coefficients and their
t-statistics and the marginal implicit prices for all char-
acteristics evaluated at their means for each of the
three distinct stores. We have included results from
only one Safeway store since we were unable to reject
the hypothesis that the Safeway stores came from the
same population. In fact, 92% of the prices for the
same cereal in the two stores were the same. There
are, however, interesting differences across the distinct
stores. This may indicate that the control the manufac-
turers have in price setting may be partially overcome
by retail pricing policies that set price according to the
demands of the consumers they serve.

The coefficient on VIT is positive and highly signifi-
cant across all stores. The sign on NAT is also positive
across all stores but only significant at the 15% level in
one store. FRUIT carries the expected positive sign
and is significant in all three stores. The coefficient on
FIB is negative and significant across all stores, sug-
gesting that the taste service dominates the nutrition

3 There is a possibility that the errors corresponding to
different sizes of a specific cereal may be correlated within
one store because of random exogenous factors that similarly
influence the price of a given cereal across sizes. For example,
the price of a brand of cereal may depend on the assortment
of other cereals and substitute products in a specific grocery
store. If this type of correlation exists, the maximum likeli-
hood estimation above will not yield unbiased estimates of the
standard errors. Dubin (1988) examines this type of correla-
tion in the form of spatial autocorrelation when estimating
hedonic functions for homes. In an earlier version of this
paper, we addressed this problem by estimating a linear
hedonic price function using generalized linear squares (GLS).
A linear function was used on the basis that the results in
table 2 did not lead us to reject the linear model at the 0.01
level. To carry out the GLS procedure, we estimated the error
variance-covariance matrix, {2, as outlined in Kmenta (1986).
We found that not accounting for the correlation between the
errors resulted in upwardly biased standard errors although
the bias was very small. Although theoretically possible, we
did not estimate the Box-Cox model taking into account this
correlation because of the computational complexity of the
problem which requires repeated inversion of a large matrix,
and because the correlation did not appear to be a serious
problem here.
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service for this characteristic. PRE carries a positive
sign, but is insignificant across all stores. Coefficients
on SOD are negative for two stores but insignificant
across all stores while coefficients on SUC are all
positive and significant.

For all stores the coefficients on the grains are
significant only for oats. The positive sign indicates
that, ceteris paribus, some consumers are willing to pay
more for cereals made from oats. For textures, the
positive and significant coefficient on TEX?2 across all
stores indicates that some consumers pay more for
puffed cereals.

Finally, the coefficients on NS and NS? are negative
and positive, respectively, and significant across all
stores. There are economies in producing larger boxes,
and the lower per serving prices compensate at least
some consumers enough to offset any inconvenience.

The results for SUC, SOD and PRE can be con-
trasted to recent surveys on the diets of Americans.
The surveys indicate that many consumers perceive
salt, sugar and preservatives as hazardous to their
health, and one in six shoppers regularly purchases
sodium-modified products. The insignificant coeffi-
cients on SOD and PRE are not consistent with these
stated attitudes; however, at least for SOD this may be
because the quantity of sodium in cereal is small rela-
tive to many other foods. The positive and significant
coefficient on SUC is at odds with the survey results,
but it is consistent with a U.S.D.A. Food Consumption
Survey (1990) that found Americans consuming sweet-
eners at a higher rate than any time in this century.

If sucrose, fruit, fiber and vitamins enter into the
convenience service as well as the nutrition service,
then consumers may be paying more for them than if
the characteristics were obtained in a substitute form.
To examine this, consider that a consumer can either
take a vitamin tablet or eat a cereal that gives the
desired RDA level. From a sample of vitamin tablet
prices at several retail outlets, we computed the aver-
age price per percent RDA of a vitamin tablet contain-
ing the same or nearly the same vitamins as those used
to compute VIT. These tablet prices ranged from 0.012
cents to 0.025 cents. On the other hand, the price per
percent RDA found in the mean cereal ranges across
stores from 0.055 to 0.068. Thus, consumers pay a
premium for convenience ranging from 2.2 to 5.7 times
what they would pay for the same vitamins in tablet
form. The wide variety of fruits, fibers and sweeteners
available precluded similar comparisons for these char-
acteristics.

Implications for the Uses of Information

A widely accepted notion is that providing con-
sumers with information about the products they buy
increases the efficiency of the marketplace. There are
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