21. Quality Change and Hedonics

21.1  Chapters 15 to 20 cover theoretical issues
relating to the choice of index number formulas
and are based on a simplifying assumption: that the
aggregation was over the same matched i = 1....n
items in the two periods being compared. This
meets the needs of the discussion of alternative in-
dex number formulas, since a measure of price
change between two periods requires the quality of
each item to remain the same. The practical compi-
lation of PPIs involves defining the price basis
(quality specification and terms of sale) of a sam-
ple of items in an initial period and monitoring the
prices of this matched sample over time, so that
only “pure” price changes are measured, not price
changes tainted by changes in quality. In practice,
this matching becomes imperfect. The quality of
what is produced does change, and, furthermore,
new goods (and services) appear on the market that
the matched sampling ignores. The relative price
changes of these new goods may differ from those
of the existing ones, leading to bias in the index if
they are excluded. In this chapter, a theoretical
framework is outlined that extends the definition
of items to include their quality characteristics.
The focus of the chapter is on the economic theory
of the market for quality characteristics and its
practical manifestation in hedonic regression out-
lined in Chapter 7, Section E.4. This provides a
background for the more practical issues relating
to quality adjustments in Chapter 7 and item sub-
stitution in Chapter 8.

A. New and Disappearing
Items and Quality Change

21.2  The assumption in the previous chapters
was that the same set of items was being compared
in each period.! Such a set can be considered as a
sample from all the matched items available in pe-
riods 0 and #—the intersection universe, which in-
cludes only matched items. Yet, for many com-
modity markets, old items disappear and new items

'The terminology is credited to Dalén (1998); see also
Appendix 8.1.

appear. Constraining the sample to be drawn from
this intersection universe is unrealistic. Estab-
lishments may produce an item in period 0, but it
may not be sold in subsequent periods 1> New
items may be introduced after period O that cannot
be compared with a corresponding item in period
0. These items may be variants of the old existing
ones or provide totally new services that cannot be
directly compared with anything that previously
existed. This universe of all items in periods 0 and
¢ is the dynamic double universe.

21.3  There is a third universe from which pri-
ces might be sampled: a replacement universe. The
prices reported by establishments are those for an
agreed price basis—a detailed description of the
item being sold and the terms of the transaction.
The price basis for items in period 0 are first de-
termined, and then their prices are monitored in
subsequent periods. If the item is discontinued and
there are no longer prices to record for a particular
price basis, prices of a comparable replacement
item may be used to continue the series of prices.
This universe is a replacement universe that starts
with the base-period universe, but it also includes
one-to-one replacements when an item from the
sample in the base period is missing in the current
period.

21.4  When a comparable replacement is un-
available, a noncomparable one may be selected.
In this case, an explicit adjustment has to be made
to the price of either the old or the replacement
item for the quality difference. Since the replace-
ment is of a different quality than the old item, it is
likely to have a different price basis. Alternatively,
assumptions may be made so that the price change
of the old item (had it continued to exist) follows
those of other items, keeping to the matched uni-
verse. In this second case, an implicit adjustment is
being made for quality changes, so that the differ-

’Its absence may be temporary, being a seasonal item,
and specific issues and methods for such temporarily un-
available items are considered in Chapter 9. The concern
here is with items that disappear permanently.
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ence in price changes for the group and the old
item (had it continued to exist) is equivalent to
their quality differences.” What is stressed here is
that the problem of missing items is the problem of
adjusting prices for quality differences.

21.5  Three practical problems emerge. First is
the problem of explicit quality adjustment between
a replacement and old item. The item is no longer
produced, a replacement is found that is not strictly
comparable in quality, the differences in quality
are identified, and a price has to be put on these
differences if the series of prices for the new re-
placement item are to be used to continue those of
the old series.

21.6 Second, in markets where the turnover of
items is high, the sample space selected from the
matched universe is going to become increasingly
unrepresentative of the dynamic universe, as ar-
gued in detail in Chapter 8. Even the replacement
universe may be inappropriate, as it will be made
of series carrying with them quality adjustments in
each period whose overall accuracy, given the rap-
idly changing technology, may be tenuous. In such
cases, it may be that prices are no longer collected
from a matched sample but from a sample of the
main items available in each period, even though
they are of a different quality. A comparison be-
tween the average prices of such items would be
biased if, say, the quality of the items was improv-
ing. The need for, and details of, mechanisms to
remove the effects of such changes from the aver-
age price comparisons were discussed in some de-
tail in Chapter 7, Section G.

21.7  Finally, there is the problem of new and
disappearing goods and services—when the new
item is not a variant of the old but provides a com-
pletely new service. It is not possible to use it as a
replacement for an old item by adjusting a price
for the quality differential because what it provides
is, by definition, something new.

21.8  There are a number of approaches to qual-
ity adjustment, and these are considered in Chapter
7. One of the approaches is to make explicit ad-
justments to prices for the quality difference be-
tween the old and replacement item using the coef-
ficients from hedonic regression equations. He-

3Such methods and their assumptions are outlined in de-
tail in Chapter 15.

donic regressions are regressions of the prices of
individual models of a product on their characteris-
tics—for example, the prices of television sets on
screen size, stereo sound, and text retrieval. The
coefficients on such variables provide estimates of
the monetary values of different quantifiable char-
acteristics of the product. They can be used to ad-
just the price of a noncomparable replacement item
for quality differences compared with the old
item—for example, the replacement television set
may have text-retrieval facilities that the previous
version did not. Yet, it is important that a clear un-
derstanding exists of the meaning of such esti-
mated coefficients if they are to be used for quality
adjustment, especially given that their use is being
promoted.* To understand what these estimated pa-
rameters mean, it is first necessary to conceive of
products as aggregates of their characteristics be-
cause, unlike items, characteristics have no sepa-
rate prices attached to them. The price of the item
is the price of a “tied” bundle of characteristics.
One must also consider what determines the prices
of these characteristics. Economic theory points
toward examining demand and supply factors
(Sections B.2 and B.3) and the interaction of the
two to determine an equilibrium price (Section
B.4). Having developed the analytical framework
for such prices, it is then necessary to see what in-
terpretation the economic theoretic framework al-
lows us to put on these calculated coefficients
(Section B.5). It will be seen that unless there is
uniformity of buyers’ tastes or suppliers’ technolo-
gies, an identification problem prevents an unam-
biguous supply or demand interpretation. Borrow-
ing a framework by Diewert (2002d), a demand-
side interpretation that assumes firms are competi-
tive price takers is provided, which, under this
user-value approach, shows the assumptions re-
quired to generate such meaningful coefficients
(Section B.6). Yet, all the aforementioned analysis
assumes competitive behavior, an assumption re-
laxed in Section B.7.

21.9  Chapter 7, Section G, recommends two
main approaches for handling industries with rapid
turnover of items. If the sample in period 0 is soon
outdated, the matched universe and even replace-
ment is increasingly unrepresentative of the double
universe, and repeated sampling from the double
universe is required. In this case, either chained in-

“Boskin and others (1996; 1998) and Shultze and Mackie
(2002).



dices are advised in Chapter 7, Section G.3, or one
of a number of hedonic indices, described in Chap-
ter 7, Section G.2. Such indices differ from the use
of hedonic regression for adjusting prices for qual-
ity differences for a missing item. These indices
use hedonic regressions, say, by including a
dummy variable for time on the right-hand side of
the equation to estimate the quality-adjusted price
change, as outlined below in Section C and in
Chapter 7, Section G.2. They build on the theory
outlined in Chapter 17 and Chapter 8, Section B.
The economic theory of output price indices out-
lined in Chapter 21 is developed to include those
tied bundles of a good that can be defined in terms
of their characteristics as an item in the revenue
function. Theoretical output price indices are de-
fined that include changes in the prices of charac-
teristics. Yet, as with the output price indices for
goods considered in Chapter 17, there are many
formulations that hedonic indices can take, and
analogous issues and formulas arise here when
discussing alternative approaches in Sections C.3—
C.6.

21.10 The estimation of hedonic regressions and
the testing of their statistical properties are facili-
tated by the availability of user-friendly, yet pow-
erful, statistical and econometric software. There
are many standard issues in the estimation of re-
gression equations, which can be examined by the
diagnostics tests available in such software, as dis-
cussed in Kennedy (2003) and Maddala (1988).
However, there are issues on functional form, the
use of weighted least-squares estimators, and
specifications that are quite specific to the estima-
tion of hedonic equations. While many of these are
taken up in Chapter 7, where an illustration is pro-
vided, Appendix 21.1 considers some of the theo-
retical issues. See also Gordon (1990), Griliches
(1990), and Triplett (1990).

21.11 Finally, in Section D, economic theory
will be used to advise on the problem of new and
disappearing goods and services. This problem
arises where differences between existing goods
and services and the new goods and services are
substantive and cannot be meaningfully compared
with an old item, even with a quality adjustment.
The economic theory of reservation prices will be
considered and some issues about its practical im-
plementation expressed.

21. Quality Change and Hedonics

B. Hedonic Prices and Implicit
Markets

B.1 Items as tied bundles
of characteristics

21.12 A hedonic regression is a regression equa-
tion that relates the prices of items, p, to the quan-
tities of characteristics, given by the vector z =
(z1, 225 -+.-»Zn), that is,

L1 p(z) = p(z1, 22, - 020),

where the items are defined in terms of varying
amounts of their characteristics. In practice, what
will be observed for each item or variant of the
commodity is its price, a set of its characteristics,
and possibly the quantity and, thus, value sold.
Empirical work in this area has been concerned
with two issues: estimating how the price of an
item changes as a result of unit changes in each
characteristic—that is, the estimated coefficients of
equation (21.1)—and estimating the demand and
supply functions for each characteristic. The depic-
tion of an item as a basket of characteristics, each
characteristic having its own implicit (shadow)
price, requires in turn the specification of a market
for such characteristics, since prices result from the
workings of markets. Houthakker (1952), Becker
(1965), Lancaster (1966), and Muth (1966) have
identified the demand for items in terms of their
characteristics. The sale of an item is the sale of a
tied bundle of characteristics to consumers, whose
economic behavior in choosing between items is
depicted as one of choosing between bundles of
characteristics.” However, Rosen (1974) further
developed the analysis by providing a structural
market framework in terms of both producers and
consumers. There are two sides: demand and sup-
ply. How much of each characteristic is supplied
and consumed is determined by the interaction of
the demand for characteristics by consumers and
the supply of characteristics by producers. These
are considered in turn.

>The range of items is assumed to be continuous in terms
of the combinations of characteristics that define it. A non-
continuous case can be depicted where the price functions
are piecewise linear, and an optimal set of characteristics is
obtained by combining the purchases of different items
(Lancaster, 1971; Gorman, 1980).
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Figure 21.1. Consumption and Production Decisions for Combinations of Characteristics
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B.2 Consumer or demand side

21.13 Figure 21.1, adapted from Triplett (1987,
p. 634), presents a simplified version of the charac-
teristic space between two characteristics. The he-
donic surfaces p; and p, in that figure trace out all
the combinations of the two characteristics z; and
z, that can be purchased at prices p; and p;. An in-
difference curve g;* maps the combinations of z;
and z, that the consumer is indifferent against pur-
chasing; that is, the consumer will derive the same
utility from any point on the curve. The tangency

of g* with p; at 4 is the solution to the utility
maximization problem for a given budget (price
p1) and tastes (reflected in gj*).

21.14 The slope of the hedonic surface is the
marginal cost of acquiring the combination of
characteristics, and the slope of the utility function
is the marginal utility gained from their purchase.
The tangency at A is the utility-maximizing com-
bination of characteristics to be purchased at that
price. If consumers purchased any other combina-
tion of characteristics in the space of Figure 21.1,




it would either cost them more to do so or lead to a
lower level of utility. Position 4’, for example,
has more of both z; and z,, and the consumer re-
ceives a higher level of utility being on ¢;, but the
consumer also has to have a higher budget and
pays p, for being there. Note that the hedonic sur-
face depicted here is nonlinear, so that relative
characteristic prices are not fixed. The consumer
with tastes g;* chooses characteristic set B at p;.
Thus, the data observed in the market depend on
the set of tastes. Triplett (2002) has argued that if
tastes were all the same, then only one model of a
personal computer would be purchased. But in the
real world more than one model does exist, reflect-
ing heterogeneous tastes and income levels. Rosen
(1974) shows that of all the characteristic combi-
nations and prices at which they may be offered,
the hedonic surface traces out an envelope® of tan-
gencies including ¢;* and g;* on p; in Figure 21.1.
This envelope is simply a description of the locus
of the points chosen. Since rational consumers who
optimize are assumed, these are the points that will
be observed in the market and are thus used to es-
timate the hedonic regression. Note further that
points 4 and B alone will not allow the regression
to determine the price of z; relative to z,, since the
observed data will be two combinations of outputs
at the same price. However, the locus of points on
an expansion path 4 A"would allow this to be de-
termined. There may be expansion paths for con-
sumers with different tastes, such as B, and this
may give rise to conflicting valuations, so that the
overall parameter estimates determined by the re-
gression from transactions observed in the market
are an amalgam of such data. And this would just
be a reflection of the reality of economic life. What
arises from this exposition is the fact that the form
of the hedonic function is determined in part by
the distribution of buyers and their tastes in the
market.

21.15 The exposition is now formalized to in-
clude parameters for tastes and a numeraire com-

An envelope is more formally defined by letting f(x,y,k)
= 0 be an implicit function of x and y. The form of the func-
tion is assumed to depend on £, the tastes in this case. A
different curve corresponds to each value of & in the xy
plane. The envelope of this family of curves is itself a curve
with the property that it is tangent to each member of the
family. The equation of the envelope is obtained by taking
the partial derivative of f{x,y,k) with respect to k and elimi-
nating k from the two equations f{x,y,k) = 0 and fk(x,y,k) =
0. (See Osgood, 1925.)

21. Quality Change and Hedonics

modity’ against which combinations of other ag-
gregates are selected following Rosen (1974). The
hedonic function p(z) describes variation in the
market price of the items in terms of their charac-
teristics. The consumer purchase decision is as-
sumed to be based on utility maximization behav-
ior, the utility function being given by Ul(z, x;a),
where x is a numeraire commodity, the maximiza-
tion of utility being subject to a budget constraint
given by income y measured as y = x + p(z) (the
amount spent on the numeraire commodity and the
hedonic commodities), and a is a vector of the fea-
tures of the individual consumer that describe their
tastes. Consumers maximize their utility by select-
ing a combination of quantities of x and character-
istics z subject to a budget constraint. The market
is assumed to be competitive, and consumers are
described as price takers; they purchase only the
one item, so their purchase decision does not influ-
ence the market price. The price they pay for a
combination of characteristics, vector z, is given
by p(z). Since they are optimizing consumers, the
combination chosen is such that

(21.2) [0U(z, y - p(2);0) / 0z;] / [0U(z, y — p(2);a0) /
ox] = 0p(2) / 0z; = pi2),

where Op(z) / Oz; is the first derivative of the he-
donic function in equation (21.1) with respect to
each z characteristic. The coefficients of the he-
donic function are equal to their shadow price p;,
which measures the utility derived from that char-
acteristic relative to the numeraire good for given
budgets and tastes.

21.16 A value function 0 can be defined as the
value of expenditure a consumer with tastes a is
willing to pay for alternative values of z at a given
utility # and income y, represented by 0(z;u,y,0). It
defines a family of indifference curves relating the
z; to foregone x, money. For individual characteris-
tics z;, 0 is the marginal rate of substitution be-
tween z; and money, or the implicit marginal
valuation the consumer with tastes o puts on z; at a
given utility level and income. It is an indication of
the reservation demand price® for additional units

"The numeraire commodity represents all other goods and
services consumed—it represents the “normal” nonhedonic
commodities. The price of x is set equal to unity; p(z) and
income are measured in these units.

SThis is the hypothetical price that makes the demand for
the characteristic equal to zero; that is, it is the price that,

(continued)
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of z;° The price in the market is p(z), and utility is
maximized when 0(z,;u,y,0) = p(z); that is, the pur-
chase takes place where the surface of the indiffer-
ence curve 0 is tangent to the hedonic price sur-
face. If different buyers have different value func-
tions (tastes), some will buy more of a characteris-
tic than others for a given price function, as illus-
trated in Figure 21.1.

21.17 The joint distribution function of tastes
and income sets out a family of value functions,
each of which, when tangential to the price func-
tion, depicts a purchase and simultaneously defines
the price function whose envelope is the market
hedonic price function. The points of purchase
traced out by the hedonic function thus depend on
the budget of the individual and the tastes of the
individual consumer purchasing an individual set
of characteristics. If demand functions are to be
traced out, the joint probability distribution of con-
sumers with particular budgets and tastes occurring
in the market needs to be specified, that is, F(y, o).
This function, along with equation (21.1), allows
the demand equations to be represented for each
characteristic.

B.3 Producer or supply side

21.18 Referring again to Figure 21.1, it also

shows the production side. In Chapter 17, Section

B.1, a revenue-maximizing producer was consid-

ered whose revenue maximization problem was
. . 10

given by equation (17.1);

N
(21.3) R(p,v) =max ,[ anqn : q belongs to S(v)],

n=1

where R(p,v) is the maximum value of output,

N

z P nqn, that the establishment can produce, given
n=1
that it faces the vector of output prices p and given
that the vector of inputs v is available for use, us-
ing the period ¢ technology. Figure 17.1 illustrated
in goods-space how the producer would choose be-
tween different combinations of outputs, ¢; and ¢5.
In Figure 21.1, the characteristics-space problem is

when inserted into the demand function, sets demand to
Zero.

°The utility function is assumed strictly concave so that 0
is concave in z, and the value function is increasing in z; at
a decreasing rate.

19The time superscripts are not relevant in this context.

analogous to the goods-space one with producers
choosing here between combinations of z; and z, to
produce for a particular level of technology and
inputs S(v). For a particular producer with level of
inputs and technology S* facing a price surface
p1, the optimal production combination is at A.
However, a different producer with technology and
inputs S*j facing a price surface p; would produce
at B. At these points, the marginal cost of z; with
respect to z, is equal to its marginal price from the
hedonic surface as depicted by the tangency of the
point. Production under these circumstances at any
other combination would not be optimal. The en-
velope of tangencies such as S*; and S* trace out
the production decisions that would be observed in
the market from optimizing, price-taking producers
and are used as data for estimating the hedonic re-
gressions. The hedonic function can be seen to be
determined, in part, by the distribution of tech-
nologies of producers, including their output scale.

21.19 Rosen (1974) formalizes the producer
side, whereby price-taking producers are assumed
to have cost functions described by C(M, z;r),11
where O =,0(z) is the output scale-number of units
produced by an establishment offering specifica-
tions of an item with characteristics z. They have
to decide which items to produce, that is, which
package of z. To do this, a cost minimization prob-
lem is solved that requires T, equivalent to S(v)
above, a vector of the technology of each producer
that describes the output combinations each pro-
ducer can produce with given input costs using its
factors of production and the factor prices. It is the
variation in 1 across producers that distinguishes
producer A’s decision about which combination of
z to produce from that of producer B in Figure
21.1. Producers are optimizers who seek to maxi-
mize profits given by

(21.4) O p(z) - C(Q.z:7)

by selecting Q and z optimally. The supplying
market is assumed to be competitive, and produc-
ers are price takers, so the producers cannot influ-
ence price by their production decision. Their deci-

""The cost function is assumed to be convex with no in-
divisibilities. The marginal cost of producing one more
item of a given combination of characteristics is assumed to
be positive and increasing, and, similarly, the marginal cost
of increasing production of each component characteristic
is positive and nondecreasing.



sion about how much to produce of each z is de-
termined by the price of z, assuming that the pro-
ducer can vary Q and z in the short run.'> Dividing
equation (21.4) by Q and setting it equal to zero,
the first-order profit-maximizing conditions are
given by

(21.5) a_p: pi — CZi(Q’Z7T) s

Oz, 0

where p = p(zi, 22, ....,z,) from equation (21.1).

21.20 The marginal unit revenue from produc-
ing characteristic z; is given by its shadow price in
the price function and its marginal cost of produc-
tion. In the producer case, the probability distribu-
tion of the technologies of firms, G( 1), is neces-
sary if the overall quantity supplied of items with
given characteristic sets are to be revealed. Since it
is a profit maximization problem to select the op-
timal combination of characteristics to produce,
marginal revenue from the additional attributes
must equal their marginal cost of production per
unit sold. Quantities are produced up to the point
where unit revenues p(z) equal marginal produc-
tion costs, evaluated at the optimum bundle of
characteristics supplied.

21.21 While for consumers a value function was
considered, producers require an offer func-
tion ¢(z;m, ) . The offer price is the price the seller

is willing to accept for various designs at constant
profit level n, when quantities produced are opti-
mally chosen, while p(z) is the maximum price ob-
tainable from those models in the market. Producer
equilibrium is characterized by a tangency between
a profit characteristics indifference surface and the
market characteristics price surface, where
r.(z) =¢,(zm,1) andp (z)=¢.(z;m,1). Since
there is a distribution of technologies G(t), the
producer equilibrium is characterized by a family
of offer functions that envelop the market hedonic
price function. The varying t will depend on dif-

"2Rosen (1974) considered two other supply characteriza-
tions: the short run in which only Q is variable, and a long
run in which plants can be added and retired. The determi-
nation of equilibrium supply and demand is not straight-
forward. A function p(z) is required such that market de-
mand for all z will equate to market supply and clear the
market. But demand and supply depend on the whole p(z),
since any adjustment to prices to equate demand and supply
for one combination of items will induce substitutions and
changes for others. Rosen (1974, pp. 44-48) discusses this
in some detail.

21. Quality Change and Hedonics

ferent factor prices for items produced in different
countries, multiproduct firms with economies of
scale, and differences in the technology, whether
the quality of capital, labor, or intermediate inputs
and their organization. Different values oft will
define a family of production surfaces.

B.4 Equilibrium

21.22 The theoretical framework first defined
each item as a point on a plane of several dimen-
sions made up by the zj, z,, ....,z, quality charac-
teristics; each item was a combination of values z,
Z3,...,Z5.. If only two characteristics defined the
item, then each point in the positive space of Fig-
ure 21.1 would define an item. The characteristics
were not bought individually but as bundles of
characteristics tied together to make up an item. It
was assumed that the markets were differentiated
so that there was a wide range of choices to be
made."® The market was also assumed to be per-
fectly competitive with consumers and producers
as price takers undertaking optimizing behavior to
decide which items (tied sets of characteristics) to
buy and sell. Competitive markets in characteris-
tics and optimizing behavior are assumed so that
the quantity demanded of characteristics z must
equal the quantity supplied. It has been shown that
consumers’ and producers’ choices or “locations”
on the plane will be dictated by consumer tastes
and producer technology. Tauchen and Witte
(2001, p. 4) show that the hedonic price function
will differ across markets in accordance with the
means and variances (and in some cases also
higher moments) of the distributions of household
and firm characteristics.

21.23 Rosen (1974, p. 44) notes that a buyer and
seller are perfectly matched when their respective
value and offer functions are tangential. The com-
mon gradient at that point is given by the gradient
of the market-clearing implicit price function p(z).
The consumption and production decisions were
seen in the value and offer functions to be jointly
determined, for given p(z), by F(y, a) and G(1).
In competitive markets there is a simultaneity in
the determination of the hedonic equation, since
the distribution of F(y, o) and G(t) help deter-
mined the quantities demanded and supplied and

13S0 that choices among combinations of z are continu-
ous, assume further that z possesses continuous second-
order derivatives.
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also the slope of the function. Although the deci-
sions made by consumers and producers are as
price takers, the prices taken are those from the
hedonic function. There is a sense in which the he-
donic function and its shadow prices emerge from
the operations of the market. The product markets
implicitly reveal the hedonic function. Since con-
sumers and producers are optimizers in competi-
tive markets, the hedonic function, in principle,
gives the minimum price of any bundle of charac-
teristics. Given all of this, Rosen (1974, p. 44)
asked: what do hedonic prices mean?

B.5 What do hedonic prices mean?

21.24 It would be convenient if, for PPI con-
struction, the estimated coefficients from hedonic
regressions were estimates of the marginal produc-
tion cost or producer value of a characteristic or,
for CPI construction, they were estimates of the
marginal utility from a characteristic or user value.
But theory tells us that this is not the case and that
the interpretation is not clear.

21.25 There was an erroneous perception in the
1960s that the coefficients from hedonic methods
represented user values as opposed to resource
costs. Rosen (1974), as has been shown, found that
hedonic coefficients generally reflect both user
values and resource costs; both supply and demand
situations. The ratios of these coefficients may re-
flect consumers’ marginal rates of substitution or
producers’ marginal rates of substitution (trans-
formation) for characteristics. There is what is re-
ferred to in econometrics as an “identification™’
problem in which the observed prices and quanti-
ties are jointly determined by supply and demand
considerations, and their underlying effects cannot
be separated. The data collected on prices jointly
arise from variations in demand by different con-
sumers with different tastes and preferences, and
from variations in supply by producers with differ-
ent technologies.

21.26 First, it is necessary to come to terms with
this simultaneity problem. Hedonic regressions are
an increasingly important analytical tool, one im-
plicitly promoted by the attention given to it in this
Manual but also promoted in separate manuals by
organizations such as the OECD (see Triplett,
2002) and Eurostat (2001), and widely used by the
U.S. Bureau of Labor Statistics (Kokoski,
Waehrer, and Rozaklis, 2001, and Moulton,
2001b). So how do economists writing on the sub-

ject shrug their intellectual shoulders in light of
these findings?

21.27 Rosen (1974, p. 43) refers to the hedonic
function as “...a joint envelope of a family of value
functions and another family of offer functions. An
envelope function by itself reveals nothing about
the underlying members that generate it; and they
in turn constitute the generating structure of the
observations.”

21.28 Griliches (1988, p. 120) notes the follow-
ing:

My own view is that what the hedonic approach
tries to do is to estimate aspects of the budget
constraint facing consumers, allowing thereby
the estimation of “missing” prices when quality
changes. It is not in the business of estimating
utility functions per se, though it can also be use-
ful for these purposes....what is being estimated
is the actual locus of intersection of the demand
curves of different consumers with varying tastes
and the supply curves of different producers with
possible varying technologies of production. One
is unlikely, therefore to be able to recover the
underlying utility and cost functions from such
data alone, except in very special circumstances.

21.29 Triplett (1987) states, “It is well-
established—but still not widely understood—that
the form of /4(-) [the hedonic function] cannot be
derived from the form of Q(-) and #(-) [utility and
production functions], nor does A(-) represent a
“reduced form” of supply and demand functions
derived from Q(-) and #(-).

21.30 Diewert (2003, p. 320), with his focus on
the consumer side, says,

Thus, I am following Muellbauer’s (1974, p.
977) example where he says that his “approach is
unashamedly one-sided; only the demand side is
treated...Its subject matter is therefore rather dif-
ferent from that of the recent paper by Sherwin
Rosen. The supply side and simultaneity prob-
lems which may arise are ignored.”

Diewert (2003) has also considered the theoretical
PPI indices with a focus on the producer side. He
bases the optimizing problem the establishments
face when deciding on which combinations of
characteristics to produce, however, on the con-
sumer’s valuations, giving them precedence. There
are many industries in which firms are effective



price takers, and the prices taken are dictated by
the consumer side rather than by cost and techno-
logical considerations. In Section B.6 this frame-
work is outlined, which allows a more straightfor-
ward development of the theory of hedonic index
numbers for PPIs.

21.31 Second, the theoretical framework allows
the conditions to be considered under which the
hedonic coefficients are determined by only de-
mand side or supply side factors—the circum-
stances under which clear explanations would be
valid. The problem is that because the coefficients
of a hedonic function are the outcome of the inter-
action of consumer- and producer-optimizing con-
ditions, it is not possible to interpret the function
only in terms of, say, producer marginal costs or
consumer marginal values. However, suppose the
production technology t was the same for each
producing establishment. Buyers differ but sellers
are identical. Then, instead of a confusing family
of offer functions, there is a unique offer function
with the hedonic function describing the prices of
characteristics the firm will supply with the given
ruling technology to the current mixture of tastes.
The offer function becomes p(z), since there is no
distribution of t to confuse it. There are different
tastes on the consumer side, and so what appears in
the market is the result of firms trying to satisfy
consumer preferences all for a constant technology
and profit level; the structure of supply is revealed
by the hedonic price function. In Figure 21.1 only
the expansion path traced out by, say, Sy* akin to
A A", would be revealed. Now, suppose sellers
differ, but buyers’ tastes o, are identical. Here the
family of value functions collapses to be revealed
as the hedonic function p(z), which identifies the
structure of demand, such as 4 4’ in Figure 21.1."
Section B.6 uses Diewert’s (2003) approach in fol-
lowing a representative consumer, rather than con-

“Correspondingly, if the supply curves were perfectly
inelastic, so that a change in price would not affect the sup-
ply of any of the differentiated products, then the variation
in prices underlying the data and feeding the hedonic esti-
mates would be determined by demand factors. The coeffi-
cients would provide estimates of user values. Similarly, if
the supplying market were perfectly competitive, the esti-
mates would be of resource costs. None of the price differ-
ences between differentiated items would be due to, say,
novel configurations of characteristics, and no temporary
monopoly profit would be achieved as a reward for this, or
as a results of the exercise of market power. See Berndt
(1983).

21. Quality Change and Hedonics

sumers with different tastes, so that the demand
side alone can be identified. Triplett (1987, p. 632)
notes that of these possibilities, uniformity of tech-
nologies is the most likely, especially when access
to technology is unrestricted in the long run, while
uniformity of tastes is unlikely. There may be, of
course, segmented markets where tastes are more
uniform to which specific sets of items are tailored
and for which hedonic equations can be estimated
for individual segments."” In some industries there
may be a prior expectation of uniformity of tastes
against uniformity of technologies and interpreta-
tion of coefficients will accordingly follow. In
many cases, however, the interpretation may be
more problematic.

21.32  Third, issues relating to the estimation of
the underlying supply and demand functions for
characteristics have implications for the estimation
of hedonic functions. In Appendix 21.1, identifica-
tion and estimation issues will be considered in
this light. Finally, the subsequent concern with
new products in Section D of this chapter refers to
demand functions. However, attention is now
turned to hedonic indices. In the next section, these
are noted to have a quite different application than
that for the quality adjustment of noncomparable
replacement items.

B.6 An alternative hedonic
theoretical formulation

21.33  This section is based on a formulation by
Diewert (2002d). It assumes competitive price-
taking behavior on the part of firms. In this ap-
proach, the user’s valuations of the various models
that could be produced flow to producers via the
hedonic function in the same way that output
prices are taken, as given in the usual theory of the
output price index. It is necessary to set up the es-
tablishment’s revenue maximization problem as-
suming that it produces a single output, but in each
period, the establishment has a choice of which
type of model it could produce. Let the model be
identified by a K dimensional vector of character-

SBerry, Levinsohn, and Pakes (1995) provide a detailed
and interesting example for automobiles in which makes
are used as market segments, while Tauchen and Witte
(2001) provide a systematic theoretical study of estimation
issues for supply, demand, and hedonic functions where
consumers and producers and their transactions are indexed
across communities.
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istics, z = [z,...,zx]. Before tackling the establish-
ment’s revenue maximization problem, it is neces-
sary to characterize the set of output prices that the
establishment faces in period ¢ as a function of the
characteristics of the model that the establishment
might produce. It is assumed that in period ¢, the
demanders of the output of the establishment have
a cardinal utility function, f (z), that enables each
demander to determine that the value of a model
with the vector of characteristics z' = [le,...,zKl]
compared with a model with characteristics vector
2=z 2k is £'(z") /f'(zz). Thus, in period ¢,
demanders are willing to pay the amount of money
P'(2) for a model with the vector of characteristics
z, where

(21.6)T'(2) =p" - f(z), t=0,1.

The scalar p’ is inserted into the willingness-to-
pay function because, under certain restrictions,
p' can be interpreted as a period ¢ price for the en-

tire family of hedonic models that might be pro-
duced in period ¢. These restrictions are

QL7 =11,

that is, the model relative utility functions f' are

identical for the two periods under consideration.
We will make use of the specific assumption in
equation (21.7) later.

21.34 In what follows, it is assumed that econo-
metric estimates for the period 0 and 1 hedonic

model price functions, T1° and T1', are available,
although we will also consider the case where only

an estimate for I1° is available.'® Now, consider
an establishment that produces a single model in
each period in the marketplace that is characterized

by the hedonic model price functions, IT'(z), for

periods ¢ = 0,1. Suppose that in period ¢, the estab-
lishment has the production function F', where

(21.8) ¢ = Fi(z,)

'“We will need some identifying restrictions to identify
the parameters of /°and ' along with p” and p'. One com-
mon model sets p° =1 and f° = f'. A more general model
sets p” = 1 and f°(z*) = f'(z*) for a reference characteristics
vector, z* = [z;%,...,zg*].

is the number of models, each with vector of char-
acteristics z, that can be produced if the vector of
inputs v is available for use by the establishment in
period z. As is usual in the economic approach to
index numbers, we assume a competitive model,
where each establishment takes output prices as
fixed parameters beyond its control. In this case,
there is an entire schedule of model prices that the
establishment takes as given instead of just a single
price in each period. Thus, it is assumed that if the
establishment decides to produce a model with the
vector of characteristics z, then it can sell any
number of units of this model in period ¢ at the
price IT'(z) = p - f'(z). Note that the establishment
is allowed to choose which model type to produce
in each period.

21.35 Now, define the establishment’s revenue
function, R, assuming the establishment is facing

the period s hedonic price function IT° =p*f* and

is using the vector of inputs v and has access to the
period ¢ production function F*:

QLY RS, F,Z,v)
=max .. {p’f (2)q : ¢ = F'(z,v) ; z belongs to Z'}
=max . {p'f*(2)F(z,v) : z belongs to Z'},

where Z' is a technologically feasible set of model
characteristics that can be produced in period ¢
The second line follows from the line above by
substituting the production-function constraint into
the objective function.

21.36 The actual period ¢ revenue maximization
problem that the establishment faces is defined by
the revenue function in equation (21.9), except that
we replace the period s hedonic price function p °f”*
by the period ¢ hedonic price function p ’f”, and the
generic input quantity vector v is replaced by the
observed period ¢ input quantity vector used by the
establishment, V. Further assume that the estab-
lishment produces ¢’ units of a single model with
characteristics vector z * and that [¢'z] solves the
period ¢ revenue maximization problem—that is,
[¢',2'] is a solution to'’

If the establishment is competitively optimizing with
respect to its choice of inputs as well, then the period ¢ in-
put vector V', along with ¢’ and 2/, is a solution to the fol-
lowing period ¢ profit maximization problem for the estab-

(continued)



QRLIO)R( ' F' Z" v
=max g, {p tft(Z)q °q :F{(Z:VZ) ;
ZbelongstoZ'}; t=0,1

=p 1),

where the period # establishment output ¢’ is equal
to

QL11) ¢'=F(EZ V) ; t=0,1.

Now, a family of Koniis-type hedonic output price
indices P between periods 0 and 1 can be defined
as follows:

(21.12) PO, p'f! F, Z, v)
=R/, F, Z,v) | RO/, F, Z' v).

21.37 Thus, a particular member of the above
family of indices is equal to the establishment’s
revenue ratio, where the revenue in the numerator
of equation (21.12) uses the hedonic model price
function for period 1, and the revenue in the de-
nominator of equation (21.12) uses the hedonic
model price function for period 0. For both reve-
nues, however, the technology of period ¢ is used
(that is, F* and Z' are used in both revenue maximi-
zation problems), and the same input quantity vec-
tor v is used. This is the usual definition for an
economic output price index, except that instead of
a single price facing the producer in each period,
we have a whole family of model prices facing the
establishment in each period. Note that the only
variables that are different in the numerator and
denominator of equation (21.12) are the two he-
donic model price functions facing the establish-
ment in periods 0 and 1.

21.38 The right-hand side of equation (21.12)
looks a bit complex. However, if the assumption in
equation (21.7) holds (that is, the period 0 and 1
hedonic model price functions are identical except
for the multiplicative scalars p0 and p'), then equa-
tion (21.12) reduces to the very simple ratio,
p' / p°. To see this, use equations (21.12) and
(21.10) as follows:

lishment: max ., {p f'(z)g — w'e v: g = F(zv) ; z belongs
to Z'}, where w' is a vector of input prices that the estab-
lishment faces in period ¢ and w' @ v denotes the inner prod-
uct of the vectors w' and v. It is possible to rework our
analysis presented below, conditioning on an input price
vector rather than on an input quantity vector.

21. Quality Change and Hedonics

(21.13) P, p'f! F, Z, v)
=R/, F, Z,v) /| RQ, F, Z' v)

=max , {p'f/ (2)F(z) ; z belongs to Z'}
/max , { pojo(z)F' (zV) ; z belongs to Z'}

=max ; { plf{)(z)Fr (zV) ; z belongs to Z'}
/max . {p°f°(2)F'(z,V') ; z belongs to Z'}

using equation (21.7)

= [p1 / po]max 21 pOjO(Z)F' (zV) ; z belongs to Z'}
/max . {p°f°(2)F'(z,V') ; z belongs to Z'}

. 0 1 .. .
assuming p and p are positive and canceling
terms

=p'/p".

This is a very useful result, since many hedonic re-
gression models have been successfully estimated
using equation (21.7). Under this assumption, a//
the theoretical hedonic establishment output price
indices reduce to the observable ratio, p' / p’.

21.39 We return to the general case where the
assumption in equation (21.7) is not made. As
usual, it is always of interest to specialize equation
(21.12) to the special cases where the conditioning
variables that are held constant in the numerator
and denominator of equation (21.12), F, Z, and v,
are equal to the period 0 and 1 values for these
variables, namely, FO, ZO, and V", and F l, Zl, and
v!. Thus, define the Laspeyres-type hedonic output
price index between periods 0 and 1 for our estab-
lishment as follows:

@1.14) P, p'f", O, 2,19
=R, P, 22 | R, P, 2,0
=Rp'f, F°, 2,9 1 91",

using equation (21.10) forz=0

=max , { plfl(z)FO zV"):z belongs to !
A
using equation (21.9)
>plf (V) Y

. 0 - . .. .
since z is feasible for the maximization problem
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=p/ '@’/ Y

using equation (21.11) forz=0
=p S @V
=Pur.

where the observable hedonic Laspeyres output
price index Py is defined as

(21.15) Py = p'f'(2%) 1 p°1°(").

Thus, the inequality in equation (21.14) says that
the unobservable theoretical Laspeyres-type he-
donic output price index P(pf°, p'f", F°, Z°,V") is
bounded from below by the observable (assuming
that we have estimates for p’, p', /'°, and /") he-
donic Laspeyres output price index Py;. The ine-
quality in equation (21.14) is the hedonic counter-
part to a standard Laspeyres-type inequality for a
theoretical output price index.

21.40 It is of modest interest to rewrite Py in
terms of the observable model prices for the estab-
lishment in periods 0 and 1. Denote these prices by
P’ and P', respectively. Using equation (21.6),

(21.16) P’ = p’f°("y and P' = p'f'(2").

Now, rewriting equation (21.15) as follows,

21.17) Py = p'f'&) 1 °1°(")
=p' ) 111 EN T P
=PI P

using equation (21.16)
=[P N/ [Pl ).

The prices P' / /'(z") and P’/ £'(z°) can be inter-
preted as quality-adjusted model prices for the es-
tablishment in periods 1 and 0, respectively, using
the hedonic regression pertaining to period 1 to do
the quality adjustment.

21.41 In the theoretical hedonic output price in-
dex P(p’f°, p'f!, F°, Z°, V") defined by equation
(21.14) above, we conditioned on F° (the base-
period production function), Z° (the base-period set
of models that were technologically feasible in pe-
riod 0), and V° (the establishment’s base-period in-
put vector). We now define a companion period 1

theoretical hedonic output price that conditions on
the period 1 variables, F ' 7', v'. Thus, define the
Paasche-type hedonic output price index between
periods 0 and 1 for an establishment as follows:'®

21.18) P(p’f°, p'f", F', Z', V)
=Rp'f, F, Z VYR, F, 2
=p/ g RO FLZ )

using equation (21.10) for z=1

=pf'(z")g’
/max . {p"f°(2)F'(z,v"); z belongs to Z'}

using equation (21.9)
<p/'E@a' /P EFE W)

since z' is feasible for the maximization problem
ARG
using equation (21.11) forz=1

=p'f'E" /P Y

=Ppyp,

where the observable hedonic Paasche output
price index Pyp is defined as

(21.19) Pyp=p'f'(") / p°12(").

Thus, the inequality in equation (21.18) says that
the unobservable theoretical Paasche-type hedonic
output price index P(p’f°, p'f ', F', Z', V') is
bounded from above by the observable (assuming
that we have estimates for p’, p', /'°, and /") he-
donic Paasche output price index Pyp. The inequal-
ity in equation (21.18) is the hedonic counterpart
to a standard Paasche-type inequality for a theo-
retical output price index.

21.42 Again, it is of interest to rewrite Pyp in
terms of the observable model prices for the estab-
lishment in periods 0O and 1. Rewrite equation
(21.19) as follows:

(21.20) Pyp=p'f'(") / pF(2")
=p'1'E /LN 1@

®Assume that all p', £ ‘(z), and F'(z,V") are positive for
1=0.1.



= PP

using equation (21.16)

=[PP ).

The prices P' / /°(z") and P’/ £°(z°) can be inter-
preted as quality-adjusted model prices for the es-
tablishment in periods 1 and 0, respectively, using
the hedonic regression pertaining to period 0 to do
the quality adjustment.

21.43 It is possible to adapt a technique origi-
nally credited to Koniis (1924) and obtain a theo-
retical hedonic output price index that lies between
the observable Laspeyres and Paasche bounding
indices, Py; and Ppp, defined above. Recall the
definition of the revenue function, R(p f*, F', Z,
v), defined by equation (21.9) above. Instead of us-
ing either F VAN Wor F 1, Zl, v! as reference pro-
duction functions, feasible characteristics sets, and
input vectors for the establishment in equation
(21.12), use a convex combination or weighted av-
erage of these variables in our definition of a theo-
retical hedonic output price index. Thus, for each
scalar A between 0 and 1, define the theoretical he-
donic output price index between periods 0 and 1,
P(})), as follows:

(21.21) PV = R/ (1 = MF* + AF' (1 = 0)Z°
+AZ (1 =2+ ')
I R’ (1 = D)F*+AF",
A -2 +A1Z', (1 =+ v

= max, {p /' @1 = WF((1 -2
+ )+ AF (1 = A+ D]
z belongs to (1 — )2+ 12"}
/ max, {p'/ @1 = WF(z(1 =2V’
+ 0 FAF (1 = A
z belongs to (1 — K)ZO+ kZl}.
When A = 0, P(L) simplifies to P(poj{), plfl, F° , Z R
W), the Laspeyres-type hedonic output price index

defined by equation (21.14) above. Thus, using the
inequality in equation (21.14), we have

(21.22) P(0) > Py,

where Py is equal to p'f'(°)p°f°(2"), the observ-
able Laspeyres hedonic output price index defined

21. Quality Change and Hedonics

by equation (21.15) above. When A = 1, P(A) sim-
plifies to P(p"f°, p'f", F', Z', v"), the Paasche-type
hedonic output price index defined by equation
(21.18) above. Thus, using the inequality in equa-
tion (21.18), we have

(21.23) P(1) < Pyp Py

where Pyp is equal to p'f'(z") / p°f°("), the ob-
servable Paasche hedonic output price index de-
fined by equation (21.20) above.

21.44 If P()) is a continuous function of A be-
tween 0 and 1, then we can adapt the proof of
Diewert (1983a, pp. 1060-61), which in turn is
based on a technique of proof by Koniis (1924),
and show that there exists a A* such that 0 < A*
<1, and either

(2124)PHLSP(7L*)SPHP or PHPSP(QL*)SPHL,

that is, there exists a theoretical hedonic output
price index between periods 0 and 1 using a tech-
nology that is intermediate to the technology of the
establishment between periods 0 and 1, P(A*) that
lies between the observable' Laspeyres and
Paasche hedonic output price indices, Py, and Pyp.
However, to obtain this result, we need conditions
on the hedonic model price functions, p’f°(z) and
p'/'(z), on the production functions, F’(z,v) and
F'(z,v), and on the feasible characteristics sets, A
and Zl, that will ensure that the maximum func-
tions in the numerator and denominator in the last
equality of equation (21.21) are continuous in A.
Sufficient conditions to guarantee continuity are”

e The production functions F°(z,v) and F'(z,v)
are positive and jointly continuous in z,v,

e The hedonic model price functions /°(z) and
/(2) are positive and continuous in z,

e p’and p' are positive, and

e The sets of feasible characteristics Z° and Z'
are convex, closed, and bounded.

21.45 A theoretical output price index has been
defined that is bounded by two observable indices.
It is natural to take a symmetric mean of the

"We need estimates of the hedonic model price functions
for both periods to implement these “observable” indices.

The result follows using Debreu’s (1952, pp. 889-90;
1959, p. 19) Maximum Theorem.
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bounds to obtain a best single number that will ap-
proximate the theoretical index. Thus, let m(a,b) be
a symmetric homogeneous mean of the two posi-
tive numbers a and b. We want to find a best
m(Pyr,Pyp). If we want the resulting index,
m(Pyr,Pyp), to satisfy the time reversal test, then
we can adapt the argument of Diewert (1997, p.
138) and show that the resulting m(a,b) must be
the geometric mean, a'?h". Thus, a good candi-
date to best approximate a theoretical hedonic out-
put price index is the following observable Fisher
hedonic output price index:

(21.25) Pyr = [PrrPup] "

=" @) PN P D /P @D
using equations (21.15) and (21.21)

=o'/ P LSO ET

Note that Py reduces to p' / p° if f* = f'; that is, if
the hedonic model price functions are identical for
each of the two periods under consideration, ex-
cept for the proportional factors, p'and po.

21.46 Instead of using equations (21.15) and
(21.17) in the first line of equation (21.7), equa-
tions (21.17) and (21.20) can be used. The result-
ing formula for the Fisher hedonic output price in-
dex is

(21.26) Pyr = [PriPup]"?
=[P O]/ [Pl (13
< AP TP

Equation (21.26) is preferred. It is the geometric
mean of two sets of quality-adjusted model price
ratios, using the hedonic regression in each of the
two periods to do one of the quality adjustments.

21.47 The above theory, for the quality adjust-
ment of establishment output prices, is not perfect.
It has two weak parts:

e Using a convex combination of the two refer-
ence period technologies may not appeal to
everyone, and

e Our technique for converting the bounds to a
single number is only one method out of
many.

21.48 The initial Laspeyres-type bounds and
Paasche-type bounds formalizes the bounds out-
lined in Section C.5 below and referred to in Sec-
tion C.2. The quality adjustments in equations
(21.13) and (21.14) will be seen from this ap-
proach to be made using the user’s model valua-
tion functions, /°(z) and f"'(z). Producers’ costs or
production functions enter into the quality adjust-
ment only to determine z° and z'; that is, only to
determine which models the establishment will
produce. Hence, establishments that have different
technologies, primary inputs, or face different in-
put prices will in general choose to produce differ-
ent models in the same period. The choice problem
has been modeled here only facing a single estab-
lishment, although the generalization should be
straightforward.

B.7 Markups and imperfect
competition

21.49 In Section B.5 it was shown there was
some ambiguity in the interpretation of hedonic
coefficients. A user-value or resource-cost inter-
pretation was possible if there was uniformity in
buyers’ tastes or suppliers’ technologies, respec-
tively. In Section B.6 an assumption of price-
taking behavior on the part of firms was introduced
and a formal setting given to a user-value interpre-
tation, albeit involving some restrictive assump-
tions. Yet the approaches in Sections B.5 and B.6
both assume perfectly competitive behavior, and
the discussion extends now to the effects of mark-
ups in imperfect competition. Feenstra (1995)
notes that in imperfect competition, when pricing
is above marginal cost, the hedonic function
should include a term for the price-cost markup.

21.50 Pakes (2001) has developed the argument
focusing on the study of new products as the result
of prior investments in product development and
marketing. A competitive marginal cost-pricing as-
sumption would require that either (i) products
with identical characteristics are developed from
such investments, so that the law of one price for
these identical products will eliminate any margin,
or (ii) all products lose their investment (markup)
in the new products. Neither of these is reasonable.
Indeed, varying markups are a feature of differen-
tiated products (see Feenstra and Levinsohn, 1995,
for example). Pakes (2001) argued that markups
should change over time. When new products are
introduced, the improvements, and associated



markups, are directed to characteristics where
markups have previously been high. The markups
on existing products with these characteristics will
fall, and hedonic coefficients will thus change over
time. Pakes (2001) also argued that there may be
an ambiguity as to the signs of the coefficients—
that there is no economic reason to expect a posi-
tive relationship between price and a desirable
characteristic. Such a conclusion would be at odds
with a resource-cost or user-value approach. If the
characteristics being compared are vertical—that
is, they are characteristics of which everyone
would like more—then we can expect the sign to
be positive. However, Pakes (2001) has argued
that the sign on horizontal characteristics—that is,
for which the ordering of the desirable amounts of
characteristics is not the same for all consumers—
can be negative. The entry of new products aimed
at some segments of the market may drive down
the markup on products with more desirable attrib-
utes. For example, some consumers may have a
preference for television sets with smaller screen
sizes and be willing to pay a premium price. In-
deed, the required technology for the production of
these sets may have required increased investment
and, thus, increased expected markups. It may be
that the quality of the picture on these sets is such
that it drives down the price of large-sized sets, re-
sulting in an inverse relationship between price
and screen size, where the latter is taken as one
variable over the full range of screen sizes. Prior
(to the modeling) information on the two markets
would allow the regression equation to be appro-
priately specified, with dummy slope and inter-
cepts for the ranges of screen sizes with new and
old technologies.

21.51 Pakes (2001) takes the view that no mean-
ing can be attributed to estimated coefficients and
predicted values should be used for price compari-
sons of models of different quality attributes,
rather than the individual coefficients. There are
many good reasons for this, as discussed in Chap-
ter 7, Section E.4.3 and Section G.2.2, and Appen-
dix 21.1. Yet, it must be stressed that for vertical
characteristics the coefficients may be quite mean-
ingful, and even for horizontal characteristics or
new characteristics, embodied with the latest re-
search and development, some sense can be made
by recourse to the above considerations. But again,
theory does not support any easy answer to the in-
terpretation of the coefficients from hedonic re-
gressions. Their grace is that they emanate from
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market data, from the often complex interaction of
demand and supply and strategic pricing decisions.
That theory warns us not to give simplistic inter-
pretations to such coefficients, and allows an un-
derstanding of the factors underlying them, is a
strength of theory. Yet hedonic regression coeffi-
cients remain and are generally regarded (Shultze
and Mackie, 2002) as the most promising objective
basis for estimating the marginal value of quality
dimensions of products, even though a purist inter-
pretation is beyond their capability.*'

C. Hedonic Indices

C.1 The need for such indices

21.52 In Section A it was noted that hedonic
functions are required for two purposes with re-
gard to a quality adjustment. The first is when an
item is no longer produced and the replacement
item, whose price is used to continue the series, is
of a different quality from the original price basis.
The differences in quality can be established in
terms of different values of a subset of the z price-
determining variables. The coefficients from the
hedonic regressions, as estimates of the monetary
value of additional units of each quality compo-
nent z, can then be used to adjust the price of the
old item so that it is comparable with the price of
the new”—so that, again, like is compared with
like. This process could be described as “patch-
ing,” in that an adjustment is needed to the price of
the old (or new replacement) series for the quality
differences, to enable the new series to be patched
onto the old. A second use of hedonic functions re-
ferred to in Section A is for estimating hedonic in-
dices. These are suitable when the pace and scale
of replacements of items is substantial and an ex-
tensive use of patching might (i) lead to extensive
errors if there were some error or bias in the qual-
ity adjustment process and (ii) lead to sampling
from a biased replacement universe as outlined in
Section A. Hedonic indices use data in each period

2Diewert (2002f) goes further in suggesting positive sign
restrictions are imposed on the coefficients in the econo-
metric estimation.

2Mechanisms for such adjustments are varied, as out-
lined in Chapter 7, Section E.4.3, and Triplett (2002). They
include using the coefficients from the salient set of charac-
teristics or using the predicted values from the regression as
a whole and, in either case, making the adjustment to the
old for comparison with the new, or to the new for com-
parison with the old, or some effective average of the two.
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from a sample of items that should include those
with a substantial share of sales revenue—
sampling in each period from the double universe.
There is no need to establish a price basis and for
respondents to keep quoting prices from that basis.
What is required are samples of items to be re-
drawn in each month along with information on
their prices, characteristics z;, and, possibly, quan-
tities or values. The identification of multiple char-
acteristics in the hedonic regressions controls for
quality differences, as opposed to the matching of
price quotes on the same price basis by the respon-
dents. A number of procedures for estimating he-
donic indices are briefly considered below.

C.2 Theoretical characteristics
of price indices

21.53 In Chapter 17 theoretical output price in-
dices were defined and practical index number
formulas considered as estimates of these indices.
Theoretical output index numbers are defined here
not just on the goods produced, but also on their
characteristics. R(p,S(v)) was defined in Chapter
17 as the maximum value of output that the estab-
lishment can produce, given that it faces the vector
of output prices p and given that the vector of in-
puts v (using technology S) is available for use.
The establishment’s output price index P between
any two periods, say, period 0 and period 1, was
defined as

(21.27) PR’ p' v)= R, S(v))/ R(P", S(v)),

where p° and p' are the vectors of output prices
that the establishment faces in periods 0 and 1, re-
spectively, and S(v) is a reference vector of tech-
nology using v intermediate and primary inputs.”
For theoretical indices in characteristic space, the

BThis concept of the output price index (or a closely re-
lated variant) was defined by F.M. Fisher and Shell (1972,
pp- 56-58), Samuelson and Swamy (1974, pp. 588-92),
Archibald (1977, pp. 60-61), Diewert (1980, pp. 460-61;
1983a, p. 1055), and Balk (1998b, pp. 83-89). Readers
who are familiar with the theory of the true cost-of-living
index will note that the output price index defined by equa-
tion (17.2) is analogous to the true cost-of-living index,
which is a ratio of cost functions, say, C(u,pl) / C(u,p0),
where u is a reference utility level: R replaces C, and the
reference utility level u is replaced by the vector of refer-
ence variables S(v). For references to the theory of the true
cost-of-living index, see Koniis (1924), Pollak (1983a), or
ILO and others (2004), which is the CPI counterpart to this
Manual.

revenue functions are also defined over goods
made up of bundles of characteristics represented
by the hedonic function*

21.28) P .p' . 2, 2y = R P(2), SO))
21.28) P(pp v, 2, 2) o G 500

21.54 The output price index defined by equa-
tion (21.28) is a ratio of hypothetical revenues that
the establishment could realize, with a given tech-
nology and vector of inputs v to work with. Equa-
tion (21.28) incorporates substitution effects: if the
prices of some characteristics increase more than
others, then the revenue-maximizing establishment
can switch its output mix of characteristics in favor
of such characteristics. The numerator in equation
(21.28) is the maximum revenue that the estab-
lishment could attain if it faced the output prices
and implicit hedonic shadow prices of period 1, p'
and p(zl), while the denominator in equation
(21.28) is the maximum revenue that the estab-
lishment could attain if it faced the output and
characteristic’s prices of period 0, p° and p(z°).
Note that all the variables in the numerator and de-
nominator functions are exactly the same, except
that the output price and characteristics price vec-
tors differ. This is a defining characteristic of an
output price index: the technology and inputs are
held constant. As with the economic indices in
Chapter 15, there is an entire family of indices de-
pending on which reference technology and refer-
ence input vector v that is chosen. In Section C.5
some explicit formulations will be considered, in-
cluding a base-period 0 reference technology and
inputs and a current-period 1 reference technology
and inputs analogous to the derivation of
Laspeyres and Paasche in Chapter 17, Section B.1.
Before considering such hedonic indices in Section
C.5, two simpler formulations are first considered
in Sections C.3 and C.4: hedonic regressions using
dummy variables on time and period-on-period
hedonic indices. They are simpler and widely used
because they require no information on quantities
or weights. Yet, their interpretation from economic

HTriplett (1987) and Diewert (2002d), following Pollak
(1975), consider a two-stage budgeting process whereby
that portion of utility concerned with items defined as char-
acteristics has its theoretical index defined in terms of a
cost-minimizing selection of characteristics, conditioned on
an optimum output level for composite and hedonic com-
modities. These quantities are then fed back into the
second-stage overall revenue maximization.



theory is therefore more limited. However, as will
be shown, weighted formulations are possible us-
ing a WLS estimator, although they are first con-
sidered in their unweighted form.

C.3 Hedonic regressions and
dummy variables on time

21.55 Let there be K characteristics of a product,
and let model or item 7 of the product in period ¢
have the vector of characteristics z = [zi1',....zik]
fori=1,...K and ¢ = 1,...,T. Denote the price of
model i in period ¢ by p;/. A hedonic regression of
the price of model i in period ¢ on its characteris-
tics set z;' is given by

T K
(21.29) Inp/ =y, + >.v,D, + > Bz, +&,
=2 k=1

where D, are dummy variables for the time peri-
ods, D, being 1 in period ¢ = 2, zero otherwise; Ds
being 1 in period ¢ = 3, zero otherwise, and so on.
The coefficients vy, are estimates of quality-adjusted
price changes, having controlled for the effects of

K
variation in quality (ViaZY +Z. )—although see
k=1
Goldberger (1968) and Teekens and Koerts (1972)
for the adjustment for estimation bias.

21.56 The above approach uses the dummy vari-
ables on time to compare prices in period 1 with
prices in each subsequent period. In doing so, the y
parameters are constrained to be constant over the
period ¢ = 1,...,T. Such an approach is fine retro-
spectively, but in real time the index may be esti-
mated as a fixed-base or chained-base formulation.
The fixed-base formulation would estimate the in-
dex for period 1 and 2, /; ,, using equation (21.29)
for ¢t = 1, 2; the index for period 3, /; 3, would use
equation (21.29) for t = 1, 3; for period 4, /[ 4, us-
ing equation (21.29) for ¢ = 1, 4; and so forth. In
each case the index constrains the parameters to be
the same over the current and base period. A fixed-
base, bilateral comparison using equation (21.29)
makes use of the constrained parameter estimates
over the two periods of the price comparison. A
chained formulation would estimate /; 4, for exam-
ple, as the product of a series of links: /; 4= 1,5 x
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L x 13,4_25 Each successive binary comparison or
link is combined by successive multiplication. The
index for each link is estimated using equation
(21.24). Because the periods of time being com-
pared are close, it is generally more likely that the
constraining of parameters required by chained-
time dummy hedonic indices is considered to be
less severe than that required of their fixed-base
counterparts.

21.57 There is no explicit weighting in these
formulations, and this is a serious disadvantage. In
practice, cutoff sampling might be employed to in-
clude only the most important items. If sales data
are available, a WLS (weighted by sales quanti-
ties—see Appendix 21.1) estimator instead of an
OLS estimator should be used.”®

C.4 Period-on-period
hedonic indices

21.58 An alternative approach to comparing pe-
riod 1 and ¢ is to estimate a hedonic regression for
period ¢ and insert the values of the characteristics
of each model existing in period 1 into the period ¢
regression to predict, for each item, its price,

p/(z). This would generate predictions of the
price of items existing in period 1, at period ¢
shadow prices, j),’(z}), i = 1,..,N . These prices
(or an average) can be compared with (the average
of) the actual prices of models i = 1,.....N models
in period 1. The averages may be arithmetic, as in

a Dutot index, or geometric, as in a Jevons index.
The arithmetic formulation is defined as follows:

SN ()
(21.30a) L
> ANl

i=1

21.59 Alternatively, the characteristics of mod-
els existing in period ¢ can be inserted into a re-
gression for period 1. Predicted prices of period ¢
items generated at period 1 shadow prices (or an

25Chapter 15, Section F contains a detailed account of
chained indices.

®Joannidis and Silver (1999) and Bode and van Dalen
(2001) compared the results from these different estimators,
finding notable differences, but not in all cases (see also
Silver and Heravi, 2002).
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average) can be compared with (the average of) the
actual prices in period ¢:

N

D U/N)pi(z)
(21.30b) 4=

/N )

21.60 For a fixed-base bilateral comparison us-
ing either equation (21.30a) or (21.30b), the he-
donic equation need be estimated only for one pe-
riod. The denominator in equation (21.30a) is the
average observed price in period 1, which should
be equal to the average price a hedonic regression
based on period 1 data will predict using period 1
characteristics. The numerator, however, requires
an estimated hedonic regression to predict period 1
characteristics at period ¢ hedonic prices. Similarly,
in equation (21.30b), a hedonic regression is re-
quired only for the denominator. For reasons
analogous to those explained in Chapters 15, 16,
and 17, a symmetric average of these indices
should have some theoretical support.

21.61 Note that all the indices described in Sec-
tions C.1 and C.2 use all the data available in each
period. If there is a new item, for example, in pe-
riod 4, it is included in the data set and its quality
differences controlled for by the regression. Simi-
larly, if old items drop out, they are still included
in the indices in the periods in which they exist.
This is part of the natural estimation procedure,
unlike using matched data and hedonic adjust-
ments on noncomparable replacements when items
are no longer produced.

21.62 As with the dummy variable approach,
there is no need for matched data. Yet there is also
no explicit weighting in these formulations and
this is a serious disadvantage. Were data on quanti-
ties or values available, it is immediately apparent
that such weights could be attached to the individ-
ual i = 1,....N prices or their estimates. This is con-
sidered in the next section.

C.5 Superlative and exact
hedonic indices

21.63 In Chapter 17 Laspeyres and Paasche
bounds were defined on a theoretical basis, as were
superlative indices, which treat both periods sym-
metrically. These superlative formulas, in particu-
lar the Fisher index, were also seen in Chapter 16

to have desirable axiomatic properties. Further-
more, the Fisher index was supported from eco-
nomic theory as a symmetric average of the
Laspeyres and Paasche bounds and was found to
be the most suitable such average of the two on
axiomatic grounds. The Tornqvist index seemed to
be best from the stochastic viewpoint and also did
not require strong assumptions for its derivation
from the economic approach as a superlative in-
dex. The Laspeyres and Paasche indices were
found to correspond to (be exact for) underlying
(Leontief) aggregator functions with no substitu-
tion possibilities, while superlative indices were
exact for flexible functional forms including the
quadratic and translog forms for the Fisher and
Tornqvist indices, respectively. If data on prices,
characteristics, and quantities are available, analo-
gous approaches and findings arise for hedonic in-
dices (see Fixler and Zieschang, 1992a, and Feen-
stra, 1995). Exact bounds on such an index were
defined by Feenstra (1995). Consider the theoreti-
cal index in equation (21.28), but now defined only
over items in terms of their characteristics. The
prices are still of items, but they are wholly de-
fined through p(z). An arithmetic aggregation for a
linear hedonic equation finds a Laspeyres lower
bound (as quantities supplied are increased with
increasing relative prices) is given by

N

zxit—lpit

R(p(z)t’ S(V)t—l) > i=1

(21.31a) >
R(p(z)t—I’ S(v)t—l) z

X1 Pt

i=1

Pia

where R(.) denotes the revenue at a set of output
prices, input quantities, v, and technology, S, fol-
lowing the fixed-input output price index model.
The price comparison is evaluated at a fixed level
of period ¢ — 1 technology and inputs. s; | are the
shares in total value of output of product 7 in pe-

N
riod t— 1, where s, , =x,_,p,_, an_l Py »and
i=1

N
(21.31b) p, = p, = D B s — Zir)

i=1

are prices in periods ¢ adjusted for the sum of the
changes in each quality characteristic weighted by
their coefficients derived from a linear hedonic re-



gression. As noted in Appendix 21.1, 3, may be

estimated using a WLS estimator where the
weights are the sales quantities. The summation is
over the same i in both periods, since replacements
are included when items are missing and equation
(21.31b) adjusts their prices for quality differences.

21.64 A Paasche upper bound is estimated as

(21.32a)

N
X, D, . -1
R(p,, SO)) _ Zl b _ is_. D
R(p,,, S(V)t)_ S = P
2

xitpit—l

N
' 2 D
where s, =x,p, zxilpu » and

i=1

N
(21.32b) p, , =p,, + ZBkt—l(Zikt ~Zg1)>
i=1

which are prices in periods ¢ — 1 adjusted for the
sum of the changes in each quality characteristic
weighted by its respective coefficients derived
from a linear hedonic regression.

21.65 Following from the inequalities in Chapter
17 where the Laspeyres P, and Paasche Pp form
bounds on their true, economic theoretic indexes,

(21.33) P, <P’ p',a) < Pp
OI'PLSP(pO,pl,G)EPP.

21.66 The SEHI approach thus first applies the
coefficients from hedonic regressions to changes in
the characteristics to adjust observed prices for
quality changes (equations 21.31b and 21.32b).
Second, it incorporates a weighting system using
data on the value of output of each model and its
characteristics, rather than treating each model as
equally important (equations 21.31a and 21.32a).
Finally, it has a direct correspondence to formula-
tion defined from economic theory.

21.67 Semilogarithmic  hedonic  regressions
would supply a set of B coefficients suitable for
use with these base-period and current-period
geometric bounds:
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(pn T L R(p@), 4. T)

21.34 >
el ¥ b B e

i=1

N
(21.34b) p, = p,, eXp[Z Bria(Za — Zie )]
pa

N
Py =Dy exp[—z B (i =z )]
im1

21.68 In equation (21.34a) the two bounds on
their respective theoretical indices have been
shown to be brought together. The calculation of
such indices is no small task. For examples of its
application, see Silver and Heravi (2002; 2003)
and Chapter 7, Section G.2, for comparisons over
time, and Kokoski, Moulton, and Zieschang (1999)
for price comparisons across areas of a country.

21.69 The above has illustrated how weighted
index number formulas might be constructed using
data on prices, quantities, and characteristics for an
item when the data are not matched. But what of
unweighted indices, which was the concern of the
initial section of this chapter? What correspon-
dence do the unweighted hedonic indices outlined
in Sections C.3 and C.4 above have to the un-
weighted index number formulas outlined at the
start of this chapter?

C.6 Unweighted hedonic indices
and unweighted index number
formulas

21.70 Triplett (2002) argues and Diewert (2003)
shows formally that an unweighted geometric
mean Jevons index for matched data gives the
same result as a logarithmic hedonic index run on
the same data. There is simply no point in estimat-
ing hedonic indices using matched data. Those in-
volved in the matching have worked to ensure that
no quality adjustment is necessary. An index from
a dummy variable hedonic regression such as
equation (21.29), but in log-log form, for matched
models can be shown (Aizcorbe, Corrado, and
Doms, 2001) to equal
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21.35) Inp,/ pri= Y (Inpu—Z,)/M,

meM,

- Z (lnpmtfl 7Zm)/Mtfla

meM,_,

where m is the matched sample and Z;and Z,_; are
in principle the quality adjustments to the dummy
variables for time in equation (21.29), that

K
is,Zykztk . Equation (21.35) is simply the differ-
k=1

ence between two geometric means of quality-
adjusted prices. The sample space m = M, = M, , is
the same model in each period. Consider the intro-
duction of a new model n introduced in period ¢
with no counterpart in £ — 1 and the demise of an
old model o so it has no counterpart in ¢. So in pe-
riod ¢, M, is composed of the period ¢ matched
items m and the new items n, and in period ¢ — 1,
M, 1 is composed of the period ¢ — 1 matched items
m and the old items. Silver and Heravi (2002) have
shown the dummy variable hedonic comparison to
now be

(21.36) In p,/p,,
= [m/(m + n) Z (In pp; — Z,)/m

+ n/(m + n) Z (Inp,,— Z,)/n]

n

— [mlm +0) > (In Pt — Zu)/m

+ o/(m + 0) zm(ln Dor1— Z,)/0]
= [m/m +n) (in Dot — Z)lm

—m/(m + Z) > (In pyy = Z,y)/m]

+[n/m+ 1) Y (I py— Z,)

n

- 0/(m + 0) z (lnputfl - Zo)/o]‘

21.71 Consider the second expression in equa-
tion (21.36). First there is the change for m
matched observations. This is the change in mean
prices of matched models m in period ¢ and ¢ — 1
adjusted for quality. Note that the weight in period
t for this matched component is the proportion of
matched observations to all observations in period
t. And, similarly, for period ¢ — 1, the matched
weight depends on how many unmatched old ob-
servations are in the sample. In the last line of
equation (21.36), the change is between the un-

matched new and the unmatched old mean
(quality-adjusted) prices in periods ¢ and ¢ — 1.
Thus, matched methods can be seen to ignore the
last line in equation (21.36) and will thus differ
from the hedonic dummy variable approach. The
hedonic dummy variable approach in its inclusion
of unmatched old and new observations can be
seen from equation (21.36) possibly to differ from
a geometric mean of matched prices changes. The
extent of any difference depends, in this un-
weighted formulation, on the proportions of old
and new items leaving and entering the sample and
on the price changes of old and new items relative
to those of matched items. If the market for com-
modities is one in which old quality-adjusted
prices are unusually low while new quality-
adjusted prices are unusually high, then the
matched index will understate price changes (see
Silver and Heravi, 2002, and Berndt, Ling, and
Kyle, 2003, for examples). Different market be-
havior will lead to different forms of bias. There is
a second way in which the results will differ. Index
number formulas provide weights for the price
changes. The Carli index, for example, weights
each observation equally, while the Dutot index
weights each observation according to its relative
price in the base period. The Jevons index, with no
assumptions as to economic behavior, weights
each observation equally. Silver (2002) has argued,
however, that the weight given to each observation
in an ordinary least-squares regression also de-
pends on the characteristics of the observations,
some observations with unusual characteristics
having more leverage. In this way, the results from
the two approaches may differ even more.

D. New Goods and Services

21.72 This section briefly highlights issues relat-
ing to the incorporation of new goods into the in-
dex. Practical issues were outlined in Chapter §,
Section D.3. The term new goods will be used here
to refer to those that provide a substantial and sub-
stantive change in what is provided, as opposed to
more of a currently available set of service flows,
such as a new model of an automobile that has a
bigger engine. In this latter instance, there is a con-
tinuation of a service and production flow, and this
may be linked to the service flow and production
technology of the existing model. The practical
concern with the definition of new goods as
against quality changes is that the former cannot be
easily linked to existing items as a continuation of



an existing resource base and service flow, because
of the very nature of their “newness.” There are al-
ternative definitions; Oi (1997) directs the problem
of defining new goods to that of defining a mo-
nopoly. If there is no close substitute, the good is
new. A monopoly supplier may be able to supply
an item with new combinations of the hedonic z
characteristics because of a new technology and
have a monopoly power in doing so, but in practice
the new good can be linked via the hedonic charac-
teristics set to the existing ones. In this practical
sense, such goods are not considered new for the
purposes of the Manual.

21.73  Merkel (2000, p. 6) takes a similar practi-
cal line in devising a classification scheme that
will meet the practical needs of PPI compilation.
He considers evolutionary and revolutionary
goods. The former are defined as

...extensions of existing goods. From a produc-
tion inputs standpoint, evolutionary goods are
similar to pre-existing goods. They are typically
produced on the same production line and/or use
largely the same production inputs and processes
as pre-existing goods. Consequently, in theory at
least, it should be possible to quality adjust for
any differences between a pre-existing good and
an evolutionary good.

21.74 In contrast, revolutionary goods are goods
that are substantially different from pre-existing
goods. They are generally produced on entirely
new production lines or with substantially new
production inputs and processes than those used to
produce preexisting goods. These differences make
it virtually impossible, both from a theoretical and
practical standpoint, to quality adjust between a
revolutionary good and any preexisting good.

21.75 The main concern regarding the incorpo-
ration of new goods into the PPI is the decision on
the need and timing for their inclusion. Waiting for
a new good to be established or waiting for the re-
basing of an index before incorporating new prod-
ucts may lead to errors in the measurement of price
changes if the unusual price movements at critical
stages in the product life cycles are ignored. There
are practical approaches to the early adoption of
both evolutionary and revolutionary goods. These
are outlined in Chapter 8, Section D.3. For evolu-
tionary goods, such strategies include the rebasing
of the index, resampling of items, and introduction
of new goods as directed sample substitutions
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(Merkel, 2000). Also of use are hedonic quality ad-
justments and indices outlined in Chapter 7, Sec-
tion E.4, and Section C above that facilitate the in-
corporation of such evolutionary goods, since they
possess a similar characteristics set to existing
ones but deliver different quantities of these char-
acteristics. The modified short-run or chained
framework outlined in Chapter 7, Sections G-H
may also be more appropriate for product areas
with high turnover of items. These approaches can
incorporate the price change of new goods into the
index as soon as prices are available for two suc-
cessive periods, although issues relating to the
proper weighting of such changes may remain.

21.76 However, for revolutionary goods, substi-
tution may not be appropriate. First, they may not
be able to be defined within the existing classifica-
tion systems. Second, they may be primarily pro-
duced by a new establishment, which will require
extending the sample to such establishments.
Third, there will be no previous items to match
against and make a quality adjustment to prices,
since by definition, they are substantially different
from preexisting goods. And, finally, there is no
weight to attach to the new establishment or
item(s). Sample augmentation is appropriate for
revolutionary goods, as opposed to sample substi-
tution for evolutionary goods. It is necessary to
bring the new revolutionary goods into the sample
in addition to what exists. This may involve ex-
tending the classification, the sample of establish-
ments, and item list within new or existing estab-
lishments (Merkel, 2000).

Appendix 21.1: Some
Econometric Issues

21.77 Hedonic regression estimates were seen in
Chapter 7 to have potential use for the quality ad-
justment of prices. There are a number of issues
that arise from the specification and estimation of
hedonic regressions, the use of diagnostic statis-
tics, and courses of action when the standard OLS
assumptions are seen to break down. Many of
these issues are standard econometric ones and not
the subject of this Manual. This is not to say, they
are unimportant. The use of hedonic regressions
will require some econometric or statistical exper-
tise, but suitable texts are generally available. See
Berndt (1991)—vparticularly the chapter on he-
donic regressions—and Maddala (1988) and Ken-
nedy (2003), among many others. Modern statisti-
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cal and econometric software have adequate diag-
nostic tests for testing when OLS assumptions
break down. There remain, however, some specific
issues that merit attention, although it must be
stressed that these points are over and above, and
should not be taken to diminish, the important
standard econometric issues found in econometric
texts.

Identification and appropriate
estimators

21.78 Wooldridge (1996, pp. 400-01) has shown
on standard econometric grounds that the estima-
tion of supply and demand functions by OLS is bi-
ased and this bias carries over to the estimation of
the hedonic function. 1t is first useful to consider
estimation issues in the supply and demand func-
tions. These functions are rarely estimated in prac-
tice. The more common approach is to estimate of-
fer functions, with the marginal price offered by
the firm dependent on chosen attributes (product
characteristics) and firm characteristics, and to es-
timate bid or value functions, with the marginal
prices paid by a consumer dependent on chosen at-
tributes and consumer characteristics.”’ As noted
earlier, the observed prices and quantities are the
result of the interaction of structural demand and
supply equations and the distributions of producer
technologies and consumer tastes, and they cannot
reveal the parameters of these offer and value
functions. Rosen (1974, pp. 50-51) suggested a
procedure for determining these parameters. Since
these estimates are conditioned on tastes (o) and
technologies (1), the estimation procedure needs
to include empirical measures or “proxy variables”
of o and 1. For the tastes a of consumers, the em-
pirical counterparts may be sociodemographic and
economic variables, which may include age, in-
come, education, and geographical region. For
technologies 1, variables may include technologies
and factor prices. First, the hedonic equation is es-
timated without these variables in the normal man-
ner using the best-fitting functional form. This is to
represent the price function consumers and pro-
ducers face when making their decisions. Then, an
implicit marginal price function is computed for

Y'These are equivalent to inverse demand (supply) func-
tions, with the prices dependent on the quantities demanded
(supplied) and the individual consumer (producer) charac-
teristics.

each characteristic as Op(z)/ 0z = p,(z), where
p(z)is the estimated hedonic equation. Bear in

mind that in normal demand and supply studies for
products, the prices are observed in the market.
For characteristics they are unobserved, and this
first stage must be to estimate the parameters from
the hedonic regression. The actual values of each z;
bought and sold is then inserted into each implicit
marginal price function to yield a numerical value
for each characteristic. These marginal values are
used in the second stage™ of estimation as endoge-
nous variables for the estimation of the demand
side:

(A21.1) p.(z)=F(zl,....2K, 0%),

where a* are the proxy variables for tastes, and the
supply side:

(A21.2) p,(2)=F(zl,....z2K,T *),

where 1 * are the proxy variables for technologies.
The variables t* drop out when there is no varia-

tion in technologies and p,(z) is an estimate of the

offer function. Similarly the variables a* drop out
when sellers differ and buyers are identical and
cross-section estimates trace out compensated de-
mand functions.

21.79 Epple (1987) has argued that Rosen's
modeling strategy is likely to give rise to inappro-
priate estimation procedures of the demand and
supply parameters. The hedonic approach to esti-
mating the demand for characteristics has a diffi-
culty arising from the fact that marginal prices are
likely to be endogenous—they depend on the
amount of each characteristic consumed and must
be estimated from the hedonic function rather than
observed directly. There are two resulting prob-
lems. First, there is an identification problem (see
Epple, 1987) because both the marginal price of a
characteristic and the inverse bid depend on the
levels of characteristics consumed. Second, if im-
portant characteristics are unmeasured and they are
correlated with measured characteristics, the coef-
ficients on measured characteristics will be biased.

*This two-stage approach is common in the literature,
though Wooldridge (1996) discusses the joint estimation of
the hedonic and demand and supply side functions as a sys-
tem.



This applies to all econometric models, but it is
particularly relevant to hedonic models; on this
point, see Wooldridge (1996, pp. 400-01) in par-
ticular. The equilibrium conditions for characteris-
tic prices imply functional relationships among the
characteristics of demanders, suppliers, and prod-
ucts. This in turn reduces the likelihood that im-
portant excluded variables will be uncorrelated
with the included variables of the model (see also
Bartik, 1988, on this point). The bias arises be-
cause buyers are differentiated by characteristics
(y,a) and sellers by technologiest. The type of
item buyers will purchase is related to (y,a) and the
type sellers provide to 7. On the plane of combi-
nations of z transacted, the equilibrium ones cho-
sen may be systematically related; the characteris-
tics of buyers are related to those of sellers. Epple
(1987) uses the example of stereo equipment: the
higher income of some buyers leads to purchases
of high-quality equipment, and the technical com-
petence of sellers leads them to provide it. The
consumer and producer characteristics may be
correlated.

21.80 Wooldridge (1996, pp. 400-01) suggests
that individual consumer and firm characteristics
such as income, education, and input prices should
be used as instruments in estimating hedonic func-
tions. In addition, variables other than a good’s
characteristics should be included as instruments if
they are price determining, such as geographical
location—say, proximity to ports, good road sys-
tems, climate, and so on. Communities of eco-
nomic agents are assumed, within which consum-
ers consume and producers produce for each other
at prices that vary across communities for identical
goods. Variables on the characteristics of the
communities will not in themselves enter the de-
mand and supply equation but are price determin-
ing for observed prices recorded across communi-
ties. Tauchen and Witte (2001) provide a system-
atic investigation of the conditions under which
consumer and producer and community character-
istics will affect the hedonic parameter estimates
for a single-regression equation estimated across
all communities. A key concern is whether the he-
donic price function error term represents factors
that are unobserved by both the economic agents
and the researcher, or by the researcher only. In the
latter case, the error term may be correlated with
the product attributes, and instrumental variable
estimation is required. If the error term is not cor-
related with the product characteristics—

21. Quality Change and Hedonics

preferences are quasi-linear—then a properly
specified hedonic regression, including commu-
nity-specific characteristics or appropriate slope
dummies, can be estimated using OLS. In other
cases, depending on the correlation between con-
sumer and producer characteristics, assumptions
about the error term and the method of incorporat-
ing community characteristics into the regression,
instrumental variables, including consumer or pro-
ducer or community dummy or characteristics,
may need to be used.

Functional form

21.81 Triplett (1987; 2002) argues that neither
classical utility theory nor production theory can
specify the functional form of the hedonic func-
tion.” This point dates back to Rosen (1974, p. 54)
who describes the observations as being “...a joint-
envelope function and cannot by themselves iden-
tify the structure of consumer preferences and pro-
ducer technologies that generate them.” A priori
judgments about what the form should look like
may be based on ideas about how consumers and
production technologies respond to price changes.
These judgments are difficult to make when the
observations are jointly determined by demand and
supply factors but not impossible in rare instances.
However, it is complicated when pricing is with a
markup, the extent of which may vary over the life
cycle of a product. Some tied combinations of
characteristics will have higher markups than oth-
ers. New-item introductions are likely to be at-
tracted to these areas of characteristic space, and
this will have the effect of increasing supply and
thus lowering the markup and price (Cockburn and
Anis, 1998; Feenstra, 1995, p. 647; and Triplett,
1987, p. 38). This again must be taken into account
in any a priori reasoning—not an easy or straight-
forward matter.

21.82 It may be that in some cases the hedonic
function’s functional form will be very straight-
forward. For example, prices on the websites for
options for products are often additive. The under-
lying cost and utility structure are unlikely to
jointly generate such linear functions, but the pro-

¥ Arguea, Hsiao, and Taylor (1994) propose a linear form
on the basis of arbitrage for characteristics, held to be likely
in competitive markets, although Triplett (2002) argues that
this is unlikely to be a realistic scenario in most commodity
markets.
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ducer or consumer is also paying for the conven-
ience of selling in this way and are willing to bear
losses or make gains if the cost or utility at higher
values of z are priced lower or are worth more than
the price set. But, in general, the data should con-
vey what the functional form should look like, and
imposing artificial structures simply leads to speci-
fication bias. For examples of econometric testing
of hedonic functional form, see Cassel and Men-
delsohn (1985); Cropper, Deck, and McConnell
(1988); Rasmussen and Zuehlke (1990); Bode and
van Dalen (2001); and Curry, Morgan, and Silver
(2001).

21.83 The three forms prevalent in the literature
are linear, semilogarithmic, and double-
logarithmic (log-log). A number of studies have
used econometric tests, in the absence of a clear
theoretical statement, to choose among them.
There have been a large number of hedonic stud-
ies, and, as illustrated in Curry, Morgan, and Silver
(2001), in many of these the quite simple forms do

well, at least in terms of the R’ presented, and the
parameters accord with a priori reasoning, usually
on the consumer side. Of the three popular forms,
some are favored in testing. For example, Murray
and Sarantis (1999) favored the semilogarithmic
form, while in others—for example Hoffmann
(1998)—the three functional forms were found to
scarcely differ in terms of their explanatory power.
That the parameters from these simple forms ac-
cord with a priori reasoning, usually from the con-
sumer side, is promising, but researchers should be
aware that such matters are not assured. Of the
three forms, the semilogarithmic form has much to
commend it. The interpretation of its coefficients is
quite straightforward—the coefficients represent
proportionate changes in prices arising from a unit
change in the value of the characteristic.*® This is a
useful formulation, since quality adjustments are
usually undertaken by making multiplicative in-
stead of additive adjustments (see Chapter 7, Sec-
tion C.3). The semilogarithmic form, unlike the
log-log model, can also incorporate dummy vari-

3%t is noted that the anti-log of the OLS-estimated coeffi-
cients are not unbiased—the estimation of semilogarithmic
functions as transformed linear regressions requires an ad-
justment to provide minimum-variance unbiased estimates
of parameters of the conditional mean. A standard adjust-
ment is to add one-half of the coefficient’s squared stan-
dard error to the estimated coefficient (Goldberger, 1968,
and Teekens and Koerts, 1972).

ables for characteristics that are either present,
z;=1,ornot, z; = 0.

21.84 More complicated forms are possible.
Simple forms have the virtue of parsimony and al-
low more efficient estimates to be made for a
given sample. However, parsimony is not some-
thing to be achieved at the cost of misspecification
bias. First, if the hedonic function is estimated
across multiple independent markets, then interac-
tion terms are required (see Mendelsohn, 1984, for
fishing sites). Excluding them is tantamount to
omitting variables and inappropriately constraining
the estimated coefficients of the regression.
Tauchen and Witte (2001) have outlined the par-
ticular biases that can arise from such omitted
variables in hedonic studies. Second, it may be ar-
gued that the functional form should correspond to
the aggregator for the index—Ilinear for a
Laspeyres index, logarithmic for a geometric
Laspeyres index, translog for a Tornqvist index,
and quadratic for a Fisher index (Chapter 17).
However, as Triplett (2002) notes, the purpose of
estimating hedonic regressions is to adjust prices
for quality differences, and imposing a functional
form on the data that is inconsistent with the data
might create an error in the quality adjustment pro-
cedure. Yet, as Diewert (2002f) notes, flexible
functional forms encompass these simple forms.
The log-log form is a special case of the translog
form as in equation (17.11), and the semi-log form
is a special case of the semi-log quadratic form as
in equation (17.16). If there are a priori reasons to
expect interaction terms for specific characteris-
tics, as illustrated in the example in Chapter 7,
Section E.4, then these more general forms allow
this, and the theory of hedonic functions neither
dictates the form of the hedonic form nor restricts
1t.

*'Diewert (2002f) argues against the linear form on the
grounds that, while the hedonic model is linear, the estima-
tion required is of a nonlinear regression model, and the
semi-log and log-log models are linear regression models.
He also notes that semi-log form has the disadvantage
against the log-log of not being able to impose constraints
of constant returns to scale. Diewert (2002d) also argues for
the use of nonparametric functional forms and the estima-
tion of linear generalized dummy variable hedonic regres-
sion models. This has been taken up in Curry, Morgan, and
Silver (2001), who use neural networks that are shown to
work well, although the variable set required for their esti-
mation has to be relatively small.



Changing tastes and technologies

21.85 The estimates of the coefficients may
change over time. Some of this will be attributed to
sampling error, especially if multicollinearity is
present, as discussed below. But, in other cases, it
may be a genuine reflection of changes in tastes
and technologies. If a subset of the estimated coef-
ficients from a hedonic regression is to be used to
quality-adjust a noncomparable replacement price,
then the use of estimated out-of-date coefficients
from some previous period to adjust the prices of
the new replacement model would be inappropri-
ate. There would be a need to update the indices as
regularly as the changes demanded.” For estimat-
ing hedonic indices, the matter is more compli-
cated. The coefficients in a simple dummy time-
period model as in Section C.3 now have different
estimates of the parameters in each period. Silver
(1999), using a simple example, shows how the es-
timate of quality-adjusted price change from such
a dummy variable model requires a reference bas-
ket of characteristics. This is apparent for the he-
donic imputation indices where separate indices
using base- and current-period characteristics are
estimated. A symmetric average of such indices is
considered appropriate. A hedonic index based on
a time dummy variable implicitly constrains the
estimated coefficients from the base and current
periods to be the same. Diewert (2003) formalizes
the problem of choosing the reference characteris-
tics when comparing prices over time when the pa-
rameters of the hedonic function may themselves
be changing over time. He finds the results of he-
donic indices to not be invariant to the choice of
reference-period characteristic vector set z. The
use of a sales- (quantity-) weighted average vector
of characteristics proposed by Silver (1999) is con-
sidered, but Diewert notes that over long time pe-
riods this may become unrepresentative.” Of
course, if the dummy variable approach is used in
a chained formulation as outlined in Section C.3,
the weighted averages of characteristics remain
reasonably up to date, though chaining has its own
pros and cons (see Chapter 15). A fixed-base alter-
native noted by Diewert (2003) is to use a

32[n Chapter 15, Section C.3.2, the issue of adjusting the
base- versus the current-period’s price is discussed, since
there are different data demands.

30ther averages may be proposed—for example, the
needs of an index representative of the “typical” establish-
ment would be better met by a trimmed mean or median.
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Laspeyres-type comparison with the base-period
parameter set, and a Paasche-type current-period
index with the current-period parameter set, and
take the geometric mean of the two indices for rea-
sons similar to those given in Chapter 17, Section
B.3. The resulting Fisher-type index is similar to
that given in equation (21.32) proposed by Feen-
stra (1995).** A feature of the time dummy ap-
proach is that it implicitly takes a symmetric aver-
age of the coefficients by constraining them to be
the same. But what if, as is more likely the case,
only base-period hedonic regression coefficients
are available? Since hedonic indices based on a
symmetric average of the coefficients are desir-
able, the spread or difference between estimates
based on either a current- or a reference-period
characteristics set is an indication of potential bias,
and estimates of such spread may be undertaken
retrospectively. If the spread is large, estimates
based on the use of a single period’s characteristics
set, say, the current period, should be treated with
caution. More regular updating of the hedonic re-
gressions is likely to reduce spread because the
periods being compared will be closer and the
characteristics of the items in the periods com-
pared more similar.

Weighting

21.86 OLS estimators implicitly treat each item
as being of equal importance, although some items
will have quite substantial sales, while for others,
sales will be minimal. It is axiomatic that an item
with sales of more than 5,000 in a month should
not be given the same influence in the regression
estimator as one with a few transactions. Com-
modities with very low sales may be at the end of
their life cycles or be custom made. Either way,
their (quality—ad;'usted) prices and price changes
may be unusual.” Such observations with unusual
prices should not be allowed to unduly influence

*Diewert (2002¢) also suggests matching items where
possible and using hedonic regressions to impute the prices
of the missing old and new ones. Different forms of
weighting systems, including superlative ones, can be ap-
plied to this set of price data in each period for both
matched and unmatched data.

3Such observations have higher variances of their error
terms, leading to imprecise parameter estimates. This
would argue for the use of WLS estimators with quantity
sold as the weight. This is one of the standard treatments
for heteroskedastic errors (see Berndt, 1991)
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the index.”® The estimation of hedonic regression
equations by a WLS estimator is preferable. This
estimator minimizes the sum of weighted squared
deviations between the actual prices and the pre-
dicted prices from the regression equation, as op-
posed to OLS estimation, which uses an equal
weight for each observation. There is a question as
to whether to use quantity (volume) or expenditure
weights. The use of quantity weights can be sup-
ported by considering the nature of their equivalent
“price.” Such prices are the average (usually the
same) price over a number of transactions. The
underlying sampling unit is the individual transac-
tion, so there is a sense that the data may be repli-
cated as being composed of, say, 12 individual ob-
servations using an OLS estimator, as opposed to a
single observation with a weight of 12 using a
WLS estimator. Both would yield the same result.
Inefficient estimates arise if the variance of the er-
rors, V(u;), is not constant—that is, they are het-
eroskedastic. WLS is equivalent to assuming that
the error variances are related to the wei§hts ina
multiplicative manner, say, V(u;) = o°w/ . A pri-
ori notions as to whether a hedonic regression
model predicts better or worse at different levels of
quantities or expenditures may help in identifying
which weights are appropriate; however, statistical
tests or plots of heteroskedasticity may be more
useful.

21.87 The sole use of statistical criteria for de-
ciding on which weighing system to use has right-
fully come under some criticism. Diewert (2002c)
and Silver (2002) have argued that what matters is
whether the estimates are representative of the tar-
get index in mind. Conventional target index num-
bers such as Laspeyres, Paasche, Fisher, and Térn-
qvist weight price changes by expenditure shares,
and the latter two formulas have received support
from the axiomatic, stochastic, fixed-base, and
economic theoretic approaches, as shown in Chap-
ters 15-18. Thus, value weights are preferred to
quantity weights: “The problem with quantity
weighting is this: it will tend to give too little

3%See Berndt, Ling, and Kyle (2003), Cockburn and Anis
(1998), and Silver and Heravi (2002) for examples. Silver
and Heravi (2002) show old items have above-average lev-
erage effects and below-average residuals. Not only are
they different, but they exert undue influence for their size
(number of observations).

3Estimating an equation for which each variable is di-
vided by the square root of the weight using OLS is an
equivalent procedure.

weight to cheap models that have low amounts of
useful characteristics” (Diewert, 2002c, p. 8). He
continues to argue that for a WLS estimator of he-
donic time dummy variable indices, expenditure
share weights should be used, as opposed to the
value of expenditure, to avoid inflation increasing
period 1 value weights, resulting in possible het-
eroskedastic residuals. Furthermore, for a se-
milogarithmic hedonic function when models are
present in both periods, the average expenditure
shares in periods 0 and 1 for m items, Y2(S,0 + Sm1),
should be used as weights in the WLS estimator.
If only matched models exist in the data, then such
an estimator may be equivalent to the Tornqvist
index. If an observation m is available only in one
of the periods, its weight should be s, or s, ac-
cordingly, and the WLS estimator provides a gen-
eralization of the Tornqvist index.

21.88 Silver (2002) has shown that a WLS esti-
mator using value weights will not necessarily give
each observation a weight equal to its relative
value. The estimator will give more weight to
those observations with high leverage effects and
residuals. Observations with values of characteris-
tics with large deviations from their means—say,
very old or new models—have relatively high lev-
erage. New and old models are likely to be priced
at quite different prices than those predicted from
the hedonic regression, even after taking into ac-
count their different characteristics. Such prices re-
sult, for example, from a pricing strategy designed
to skim segments of the market willing to pay a
premium for a new model, or from a strategy to
charge relatively low prices for an old model to
dump it to make way for a new one. In such cases
the influence these models have on deriving the es-
timated coefficients will be over and above that at-
tributable to their value weights. Silver (2002)
suggests that leverage effects should be calculated
for each observation, and those with high leverage
and low weights should be deleted, and the regres-
sion re-run. Thus, while quantity or value weights
are preferable to no weights (that is, OLS), value
weights are more appropriate than quantity ones,
and, even so, account should be taken of observa-
tions with undue influence.

21.89 Diewert (2002f) has also considered the
issue of weighting with respect to the time dummy
hedonic indices outlined in Section C.6. The use of
WLS by value involves weights being applied to
observations in both periods. However, if, for ex-



ample, there is high inflation, then the sales values
for a model in the current period will generally be
larger than those of the corresponding model in the
base period, and the assumption of homoscedastic
residuals is unlikely to be met. Diewert (2002f)
suggests the use of expenditure shares in each pe-
riod, as opposed to values, as weights for WLS for
time dummy hedonic indices. He also suggests that
an average of expenditure shares in the periods be-
ing compared be used for matched models.

21.90 Data on sales are not always available for
weights, but the major selling items can generally
be identified. In such cases, it is important to re-
strict the number of observations of items with
relatively low sales, the extent of the restriction
depending on the number of observations and the
skewness of the sales distribution. In some cases,
items with few sales provide the variability neces-
sary for efficient estimates of the regression equa-
tion. In other cases, their low sales may be due to
factors that make them unrepresentative of the he-
donic surface, their residuals being unusually high.
An example is low-selling models about to be
dumped to make way for new models. Unweighted
regressions may thus suffer from a sampling prob-
lem—even if the prices are perfectly quality ad-
justed, the index can be biased because it is unduly
influenced by low-selling items with unrepresenta-
tive price-characteristic relationships. In the ab-
sence of weights, regression diagnostics have a
role to play in helping to determine whether the
undue variance in some observations belongs to
such unusual low-selling items.*®

Multicollinearity

2191 There are a priori reasons to expect for
some commodities that the variation in the values
of one characteristic will not be independent of one

A less formal procedure is to take the standardized re-
siduals from the regression and plot them against model
characteristics that may denote low sales, such as certain
brands (makes) or vintage (if not directly incorporated) or
some technical feature that makes it unlikely that the item
is being bought in quantity. Higher variances may be ap-
parent from the scatter plot. If certain features are expected
to have, on average, low sales, but seem to have high vari-
ances, leverages, and residuals (see Silver and Heravi,
2002), a case exists for at least downplaying their influ-
ence. Bode and van Dalen (2001) use formal statistical cri-
teria to decide between different weighting systems and
compare the results of OLS and WLS, finding, as with Io-
annidis and Silver (1999), that different results can arise.
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or a linear combination of other z characteristics.
As a result, parameter estimates will be unbiased,
yet imprecise. To illustrate this, a plot of the confi-
dence interval for one parameter estimate against
another collinear one is often described as ellipti-
cal, since the combinations of possible values they
may take can easily drift from, say, high values of
By and low B, to higher values of 3, and low of B
Since the sample size for the estimates is effec-
tively reduced, relatively small additions to and de-
letions from the sample may affect the parameter
estimates more than would be expected. These are
standard statistical issues, and the reader is referred
to Maddala (1988) and Kennedy (2003). In a he-
donic regression, multicollinearity might be ex-
pected because some characteristics may be tech-
nologically tied to others. Producers including one
characteristic may need to include others for it all
to work, while for the consumer side, purchasers
buying, for example, an up-market brand may ex-
pect a certain bundle of features to come with it.
Triplett (2002) argues strongly for the researcher
to be aware of the features of the product and con-
sumer market. There are standard, though not
completely reliable, indicators of multicollinearity
(such as variance inflation factors), but an explora-
tion of its nature is greatly aided by an understand-
ing of the market along with exploration of the ef-
fects of including and excluding individual vari-
ables on the signs and coefficients and on other di-
agnostic test statistics (see Maddala, 1988).%

21.92 If a subset of the estimated coefficients
from a hedonic regression are to be used to
quality-adjust a noncomparable replacement price,
and if there is multicollinearity between variables
in this subset and other independent variables, then
the estimates of the coefficients to be used for the
adjustment will be imprecise. The multicollinearity
effectively reduces the sample size, and some of
the effects of the variables in the subset may be
wrongly ascribed to the other independent vari-
ables. The extent of this error will be determined
by the strength of the multiple-correlation coeffi-
cient between all such “independent” variables (the
multicollinearity), the standard error or “fit” of the
regression, the dispersion of the independent vari-
able concerned, and the sample size. These all af-
fect the precision of the estimates, since they are
components in the standard error of the #-statistics.

FTriplett (2002) stresses the point that R’ alone is insuf-
ficient for this purpose.
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Even if multicollinearity is expected to be quite
high, large sample sizes and a well-fitting model
may reduce the standard errors on the #-statistics to
acceptable levels. If multicollinearity is expected
to be severe, the predicted value for an item’s price
may be computed using the whole regression and
an adjustment made using the predicted value, as
explained in Chapter 7, Section E.4, since there is
a sense in which it would not matter whether the
variation was wrongly attributed to either ; or [3,.
If dummy variable hedonic indices are being cal-
culated (Section B.3 above), the time trend will be
collinear with an included variable if a new feature
appears in a new month for the vast majority of the
items, so that the data are not rich enough to allow
the separate effects of the coefficient on the time
dummy to be precisely identified. The extent of the
imprecision of the coefficient on the time dummy
will be determined by the aforementioned factors.
A similar argument holds for omitted variable bias.

Omitted-variable bias

21.93 The exclusion of tastes and technology
and community characteristics has already been
discussed. The concern here is with product char-
acteristics. Consider again the use of a subset of
the estimated coefficients from a hedonic regres-
sion to quality-adjust a noncomparable replace-
ment price. It is well established that multicollin-
earity of omitted variables with included variables
leads to bias in the estimates of the coefficients of
included ones. If omitted variables are independent
of the included variables, then the estimates of the
coefficients on the included variables are unbiased.
This is acceptable in this instance; the only caveat

is that it may be that the quality adjustment for the
replacement item also requires an adjustment for
these omitted variables, and this, as noted by
Triplett (2002), has to be undertaken using a sepa-
rate method and data. But what if the omitted vari-
able is multicollinear with a subset of included
ones, and these included ones are to be used to
quality adjust a noncomparable item? In this case,
the coefficient on the subset of the included vari-
ables may be wrongly picking up some of the
omitted variables’ effects. The coefficients will be
used to quality-adjust prices for items that differ
only with regard to this subset of included vari-
ables, and the price comparison will be biased if
the characteristics of both included and omitted
variables have different price changes. For hedonic
indices using a dummy time trend, the estimates of
quality-adjusted price changes will suffer from a
similar bias if omitted variables excluded from the
regression are multicollinear with the time change.
What are picked up as quality-adjusted price
changes over time may, in part, be changes due to
the prices of these excluded variables. This re-
quires that the prices on the omitted characteristics
follow a different trend. Such effects are most
likely when there are gradual improvements in the
quality of items, such as the reliability and safety
of consumer duralbles,40 which are difficult to
measure, at least for the sample of items in real
time. The quality-adjusted price changes will thus,
overstate price changes in such instances.

““There are some commodity areas, such as airline com-
fort, that have been argued to have overall patterns of de-
creasing quality.



