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Summary. In the economic literature, essentially, hedonic techniques either are
applied straightforwardly or the economic foundations of the hedonic hypothesis
are discussed. In this paper, the statistical foundations of hedonic price indices
are developed. After a short overview on well-known functional forms of hedonic
equations, first, precise hedonic notions of a good and its price are specified. These
specifications allow a clear-cut definition of true hedonic price indices. Then, the
problem of estimating hedonic price indices is treated. It is shown, first, that the
usual hedonic price index formulae result from estimating certain true indices in a
special way and, second, that the techniques used in practice for estimating hedonic
indices are just first approaches.
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1 Introduction

One of the classical goals of price statistics is the quantification of the “true
price change” of a good given a certain quality. The problem is that qualities
change in time and the goods of today are no more the same as yesterday. So
the goods actually available on the market are no more directly comparable
with those which were available before. For price comparisons, prices have to
be quality adjusted.

Quality adjustment commonly is regarded as one of the most complicated
problems in price statistics. At the latest after the publication of the “Boskin-
Report” [6] in 1996, the well-known classical techniques like “linking” or
“overlap pricing” have come under attack because they are, under certain
conditions, prone to considerable “biases”. Hedonic methods have been rec-
ommended as a reasonable alternative.
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Hedonic methods already have been proposed not later than more than 30
years ago in the well-known classical paper written by Griliches 1961 [10]. In
the last years, official price statistics have begun to use hedonic methods on
a regular basis (see, e.g., [14]).

In this paper, the statistical foundations of hedonic price indices are devel-
oped. In an introductory section, the hedonic hypothesis is briefly presented
and a short overview of well-known functional forms of hedonic equations
is given. In the first main section, to start with, precise hedonic notions of a
good and its price are introduced. Then, these specifications are used to derive
clear-cut definitions of true hedonic price indices. In the second main section,
the problem of estimating hedonic price indices is treated. It is shown, first,
that the usual hedonic price index formulae result form estimating certain
true indices in a special way and, second, that the techniques used in practice
for estimating hedonic indices are just first approaches. The paper closes with
some final remarks.

2 Hedonic Regression

2.1 Hedonic Hypothesis

The starting point of every hedonic price index is the hedonic hypothesis. The
core of this hypothesis is that each good is characterized by the set of all
its characteristics. For any given good, let this set be ordered and denoted
by x = (x1, . . . , xK)′. It is assumed that the preferences of the economic
actors with respect to any good are solely determined by its corresponding
characteristics vector.

Furthermore, it is assumed that, for any good, there is a functional rela-
tionship f between its price p and its characteristics vector x, i.e.

p = f(x) . (1)

This function specifies the hedonic relationship or hedonic regression typical
for the good.

This idea of the hedonic hypothesis has been advanced long ago by Lan-
caster [16] and Rosen [17] in famous articles. For a recent economic foundation
of the hedonic hypothesis which is more easily accessible, see the paper by
Diewert [9].

Based on the functional relationship (1) the important concept of implicit

or hedonic prices can be introduced. These prices are defined to be the partial
derivatives of the hedonic function (1), i.e., they are defined through

∂p

∂xk

(x) =
∂f

∂xk

(x) (k = 1, . . . ,K) . (2)

The hedonic price ∂f/∂xk(x) indicates, how much the price p of a good (ap-
proximately) changes if this good is, ceteris paribus, endowed with an addi-
tional unity of the characteristic xk.
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For practical applications of the hedonic relationship (1) in price statis-
tics, of course, the main problems are to determine the characteristics vector
typical of a good and to specify the hedonic function (1). An overview of dif-
ferent functional forms of hedonic regressions is given in the next section. For
concrete applications in price statistics see, e.g., the papers by Berndt [2] and
Hoffmann [13].

2.2 Functional Forms of Hedonic Regressions

In hedonic approaches to price index problems four different functional forms
have been employed in the past. In this section, an overview of these functional
forms is given. Thereby, the vector x stands for a particular variant or model
of a good considered.

The most simple approach is the ordinary linear approach given by

p = β0 +

K∑

k=1

βk xk (3)

with hedonic prices
∂p

∂xk

= βk .

The regression coefficient βk (k = 1, . . . ,K) indicates the marginal change of
the price with respect to a change of the k-th characteristic xk of the good.

Another approach is the exponential approach characterized by

p = β0

K∏

k=1

exp
(
βk xk

)
(4)

or

ln p = lnβ0 +

K∑

k=1

βk xk (5)

with hedonic prices
∂p

∂xk

= βkp .

Obviously, in this approach, the regression coefficients can be interpreted as
growth rates. The coefficient βk (k = 1, . . . ,K) indicates the rate at which the
price increases at a certain level, given the characteristics x.

A third approach is the power function or double log approach described
by

p = β0

K∏

k=1

xβk

k (6)

or
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ln p = lnβ0 +

K∑

k=1

βk lnxk (7)

with hedonic prices
∂p

∂xk

=
βk

xk

p .

In this approach, the regression coefficients can be interpreted as partial elas-

ticities. The coefficient βk (k = 1, . . . ,K) indicates how many percent the
price p increases at a certain level if the k-th characteristic xk changes by one
percent.

A fourth approach is the logarithmic approach given by

p = β0 +

K∑

k=1

βk lnxk (8)

with hedonic prices
∂p

∂xk

=
βk

xk

.

In the following section, now, it will be shown how the general hedonic
hypothesis (1) can be used to introduce precise hedonic notions of a good
and its price. Then, on the basis of these notions clear-cut definitions of true
hedonic price indices are derived.

3 Hedonic Index Concepts

3.1 Hedonic Concept of a Good

In the economics literature the notion of a good is a primitive used as a basic
concept for the development of most theoretical results. However, nowhere a
general empirical statistical definition of the notion of a good can be found. In
theory, this is not a problem but for the daily business of a price statistician
it definitely is. She, always, is confronted with lots of different commodities
and has to decide which of these commodities may still count as a variant of
a certain good and which one no more.

The notion of a homogeneous good is an “Idealtyp” in the sense of Max
Weber. Goods as such empirically do not exist. What empirically exists are
concrete examples or variants of the idea of a certain good all of which are
more or less different. All of those variants are empirical operationalizations
of this good. There is always a certain difference between the idea of a good
and an empirical variant of it. It is an empirical statistical question how far
the differences between variants may go to count still as variants of a certain
good. Every variant comprises characteristics which go further than the basic
idea of that good.
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The hedonic hypothesis (1) allows the following precise definition of the
notion of a good: A good is characterized by the set of all those models or
variants j which fit under one and the same hedonic equation, i.e., a good is
characterized by the set of all variants j whose prices pj can be explained
by the same set of characteristics variables x = (x1, . . . , xK)′ and the same
structure of a certain parametric family of hedonic regression functions, i.e.,
the same parameter vector β = (β0, . . . , βK)′ typical of that family.

Empirically, it is the prices of the different variants of a good which can be
observed. But for each well-specified variant itself, the observable price varies.
So the hedonic hypothesis (1) implies the following general statistical model

for the observable prices: Any observable price pj is a random variable

pj = f(xj , β) + u (9)

where xj = (x1j , . . . , xKj)
′ is the K-vector of characteristics values identifying

the variant for which pj is measured and β = (β0, . . . , βK)′ the unknown
parameter vector characterizing the good to which variant j belongs. The
variable u denotes a stochastic error term.

Thereby, usually it is assumed that, given a certain variant characterized
by xj , for the conditional expectation E(u | xj) and the variance Var(u | xj)
of the error term u the classical assumptions hold, i.e., E(u | xj) = 0 and
Var(u | xj) = σ2. These assumptions imply E(pj | xj) = f(xj , β) and Var(pj |
xj) = σ2.

3.2 Hedonic Price of a Good

In Sect. 3.1 is has been argued that the notion of a homogeneous good is an
Idealtyp which as such empirically does not exist. As a consequence, the price

of a good does not exist either. The basic idea of any hedonic price index
concept is that the price P of a good is a latent, i.e. non-observable variable
whose values are generated by a hedonic regression on the average variant
belonging to that good. The values of this variable vary over time.

Statistically speaking, the price P of a good is assumed to be a non-
stationary discrete stochastic process P = (P t)t∈T defined by the hedonic
regression

P t = f(E(xt), βt) + vt (10)

where xt = (xt
1, . . . , x

t
K)′ is, at time t, the characteristics random vector vary-

ing over the population of all models or variants belonging to the good consid-
ered and E(xt) its expectation. The parameter vector βt = (βt

0, β
t
1, . . . , β

t
K)′

is, at time t, the parameter vector characterizing the good considered and
the conditional expectation of the error term vt is assumed to be 0, i.e.
E(vt | E(xt)) = 0. Note that in this definition both, the expectation E(xt) of
the characteristics vector and the parameter vector βt may vary over time.

Equation (10), now, allows a precise definition of the price of a good at
time t: For any good, the hedonic price Πt at time t is the expectation of the
stochastic process (10) at time t, i.e.
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Πt := EP t = f(E(xt), βt) , (11)

where the expectation is taken over all models or variants belonging to the
good considered, at time t. In general, a hedonic price Π of a good is a function

Π(E(x), β) := f(E(x), β) , (12)

where the parameter vector β = (β0, β1, . . . , βK)′ is the parameter vector
characterizing the good considered, at any time, and the expectation is taken
over any population of models or variants belonging to the good considered.

Note that equation (10) also allows a precise definition of the quality of
a good at time t: For any good, its hedonic quality at time t is given by the
expectation E(xt). In general, a hedonic quality of a good is given by the
expectation E(x) over any population of models or variants belonging to the
good considered.

3.3 True Hedonic Price Indices

The general definition (12) of a hedonic price, now, serves as the starting
point for hedonic price index concepts. The basic idea of any such index is to
compare the hedonic price of a particular good at two different times while
holding the quality of the good constant. Depending on for which period the
quality of the good is held constant different index concepts result.

The Classical True Hedonic Price Indices

A first hedonic price index concept results when according to Laspeyres’ clas-
sical idea the quality of the base period is held constant. The true hedonic

Laspeyres price index for a certain good, at time t relative to a base period 0,
is defined by

HPI L
0,t :=

Πt
qcorr

Π0
:=

Π(E(x0), βt)

Π(E(x0), β0)
. (13)

A second hedonic price index concept results when according to Paasche’s
idea the quality of the comparison period is taken as reference quality. The
true hedonic Paasche price index for a certain good, at time t relative to a
base period 0, is defined by

HPI P
0,t :=

Πt

Π0
qcorr

:=
Π(E(xt), βt)

Π(E(xt), β0)
. (14)

The True Adjacent Periods Price Index

A further hedonic price index concept results when the good considered is
identified with the population of all variants existing at least in one of the
two periods, base and the comparison period. Then, according to the general
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definition of the hedonic quality of a good in Sect. 3.2, the hedonic quality
E(x0∪t) serves as the reference quality to be held constant. Thereby x0∪t

denotes the characteristics random vector of the good considered, when all
variants existing at least in one of the two periods, base and the comparison
period, are admitted.

The idea to identify a good with the population of all variants existing at
least in one of the two periods, base and the comparison period, implies that
the parameters βk corresponding to the characteristics xk (k = 1, . . . ,K) can-
not change between the two periods: these parameters are typical for the good
considered. Therefore, it is assumed that these parameters remain constant
between the two periods.

Only the intercept parameter β0 may change and the extent of this change,
then, measures the influence of the price change between the two periods on
the hedonic price of the good considered. In other words, the two parameter
vectors β0 and βt characterizing the hedonic prices (11) of the good for times
0 and t, respectively, are assumed to be identical except for their intercept
values. Let β0 = (β0

0 , β1, . . . , βK)′ = (β0
0 , β′

(−0))
′ and βt = (βt

0, β1, . . . , βK)′ =

(βt
0, β′

(−0))
′ denote these parameter vectors.

Starting from this conception and, therefore, taking the quality E(x0∪t)
as reference quality and holding the regression parameters belonging to the
characteristics constant, a third hedonic price index concept results which
may be called the true adjacent periods price index. For a given good, this
index at time t relative to a base period 0, is defined by

HPI
ap
0,t :=

Πt
ap

Π0
ap

:=
Π

(
E(x0∪t), βt

)

Π
(
E(x0∪t), β0) =

Π
(
E(x0∪t), (βt

0, β′

(−0))
′
)

Π
(
E(x0∪t), (β0

0 , β′

(−0))
′
) . (15)

In Sect. 3.1 it has been pointed out that according to the hedonic hypothe-
sis (1) a good is characterized by the set of all those models or variants j which
fit under one and the same hedonic equation, i.e., by the set of all variants j
whose hedonic price (11) can be explained by the same set of characteristics
and the same structure of a certain parametric family of regression functions.

In the case of the adjacent periods price index, to get the base period
and the comparison period variants of the good considered under one and the
same hedonic equation, the set of the characteristics typical of that good is
supplemented by the additional “characteristic” time, i.e., the dummy variable

Dτ =

{
0 for τ = 0
1 for τ = t .

This variable serves as an additional exogenous variable in the good’s hedonic
equation. The parameter vector characterizing the good is given with β =
(β0, δ, β1, . . . , βK)′, where δ is the coefficient belonging to the time dummy
variable, and βt

0 = β0
0 + δ.

Note that it is typical of this index concept that neither the base period
nor the comparison period quality serves as reference quality. Identifying a
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good with the population of all variants existing at least in one of the two
periods, base or comparison period, and using the hedonic quality E(x0∪t) as
the reference quality to be held constant, in a certain sense, a kind of “compro-
mise quality” is used for that purpose. In that, the hedonic adjacent periods
price index resembles compromise index formulae like the well-known Fisher
index or the recently very often forwarded Thørnquist index. In both indexes,
the weighting scheme used is a kind of compromise between the consumption
weights in base and comparison period.

Note that all of these three index concepts require the preceding specifi-

cation of a hedonic function f . Note further that all these price indices are
well-defined economic parameters which are unobservable and, therefore, have
to be estimated appropriately. Any procedure to estimate one of these indices
necessarily is a two-step procedure because, first, an expectation E(x) and
than parameter vectors βτ (τ = 0, t) have to be estimated. Usually only the
problem of estimating βτ is considered consciously. The problem of estimating
E(x), regularly, is left unnoticed.

4 Estimation of Hedonic Price Indices

To compute a hedonic price index, one must first estimate a hedonic function.
For that empirical data is needed. In the following section, a statistical model
for such data is developed.

4.1 Statistical Model for the Data

For any index concept making use of a hedonic regression, the structure of the
good considered, i.e., the parameter vector β = (β0, . . . , βK)′ of its hedonic
regression has to be estimated. For that, a random sample of size M has
to be drawn from the population of all variants of that good, i.e. from all
commodities regarded as fitting under the hedonic function of that good in
the sense of Sect. 3.1.

As each variant j of a good, in general, is characterized not only by a
different price pj but also by a different vector xj of characteristics, in a
suitable model for the data, price and characteristics vector, as well, have to
be regarded as random variables. This means that a suitable model for the
data used to estimate a hedonic regression has to be a regression model with
stochastic exogenous variables.

Based on the hedonic regression (1) specific for the good considered, the
model for the data is given with

p = f(X, β) + u (16)

where p = (p1, . . . , pM )′ is a M -vector of the price observations of the vari-
ants drawn randomly and X = (x′

j) is the stochastic (M × K)-matrix of the
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corresponding characteristics vectors x′

j = (xj1, . . . , xjK), j = 1, . . . ,M . The
vector β = (β0, . . . , βK)′ is the parameter vector which is typical for the good
and has to be estimated appropriately.

4.2 Estimated Hedonic Price Indices

The distinguishing feature of the Laspeyres and the Paasche index concept
is that the population of all variants or models of a good available during
at least one of the two periods, base and comparison period, is separated in
two sub-populations, the sub-population of all base period variants and the
sub-population of all comparison period variants. According to that idea, for
the estimation of these indexes, two data sets have to be sampled, one for the
base period and one for the comparison period.

A first step in estimating a hedonic Laspeyres or Paasche price index is
to draw a random sample from the population of all the base period variants.
Let (p0

j , x
0
j1, . . . , x

0
jK), j = 1, . . . ,M0, denote the data sampled from the base

period 0 population of all variants of the good considered. On the basis of
these cross sectional data the parameter vector β0 of the statistical model
(16) for time 0 is estimated.

In the next step a random sample from the population of all the comparison
period variants has to be drawn. Let (pt

j , x
t
j1, . . . , x

t
jK), j = 1, . . . ,M t, denote

the data sampled from the comparison period t population of all variants of
the good considered. On the basis of these cross sectional data the parameter
vector βt of the statistical model (16) for time t is estimated. Both parameters,
β0 and βt, usually are estimated using the OLS-procedure leading to the OLS-

estimates β̂
0

and β̂
t
.

Estimated True Hedonic Laspeyres Index

In a third step, to estimate the hedonic Laspeyres index, the time-0-quality
of the good considered, i.e. the expectation E(x0) has to be estimated. As an
estimator, usually, the vector

x0 = (x0
1, . . . , x

0
K)′ (17)

of the arithmetic means

x0
k =

1

M0

M0∑

j=1

x0
jk (k = 1, . . . ,K) (18)

over all the characteristics values sampled for the base period is employed.
This estimation leads to the estimated quality Ê(x0).

This estimatior together with the OLS-estimators β̂
0

and β̂
t

leads to the
estimation
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ĤPI
L

0,t :=
Π̂t

qcorr

Π̂0
=

Π
(
Ê(x0), β̂

t)

Π
(
Ê(x0), β̂

0) =
f
(
x0, β̂

t)

f
(
x0, β̂

0) (19)

of the hedonic Laspeyres price index. This estimation of (13) is what usually
is meant when, in applications, is spoken about the hedonic Laspeyres price
index.

Estimated True Hedonic Paasche Index

To estimate the hedonic Paasche index, the time-t-quality of the good consid-
ered, i.e. the expectation E(xt) has to be estimated. As an estimator, usually,
the vector

xt = (xt
1, . . . , x

t
K)′ (20)

of the arithmetic means

xt
k =

1

M t

Mt∑

j=1

xt
jk (k = 1, . . . ,K) (21)

over all the characteristics values sampled for the comparison period is em-
ployed. This estimation leads to the estimated quality Ê(xt).

This estimator together with the OLS-estimators β̂
0

and β̂
t

leads to the
estimation

ĤPI
P

0,t :=
Π̂t

Π̂0
qcorr

=
Π

(
Ê(xt), β̂

t)

Π
(
Ê(xt), β̂

0) =
f
(
x̄t, β̂

t)

f
(
x̄t, β̂

0) (22)

of the hedonic Paasche price index for any good. This estimation of (14) is
what usually is meant when, in applications, is spoken about the hedonic
Paasche price index.

Estimated True Hedonic Adjacent Periods Index

The distinguishing feature of the adjacent periods price index concept is that
neither the base nor the comparison period quality of the good considered
serve as reference quality. It is the hedonic quality E(x0∪t) resulting when the
good considered is identified with the population of all variants existing at
least in one of the two periods, base or comparison period, which is taken as
reference quality.

According to that idea the population of all variants or models of a good
available during at least one of the two periods, base or comparison period, is
no more separated in two sub-populations as it is the case for the Laspeyres
and Paasche indices. For the estimation of this index only one data set has to
be sampled.

To estimate the adjacent periods price index, therefore, a random sample
has to be drawn from the population of all the variants of the good considered
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available during at least one of the two periods, base or comparison period.
Let (pj ,D

τ
j , xj1, . . . , xjK), j = 1, . . . ,M , denote the data sampled. Thereby,

Dτ denotes the time dummy variable introduced in Sect. 3.3. Note that this
time dummy allows to identify if an observation stems from a variant of the
base or the comparison period.

On the basis of these data, first, the parameter vector

β = (β0, δ, β1, . . . , βK)′

of the statistical model (16) has to be estimated. The most simple estimation
procedure would, of course, be the OLS-method. Let any estimate of β be

denoted by β̂.
Then, in a second step to estimate the hedonic adjacent periods index,

the hedonic quality E(x0∪t) of the good considered has to be estimated. The
“natural” estimator for E(x0∪t) is the vector

x0∪t = (x0∪t
1 , . . . , x0∪t

K )′ (23)

of the arithmetic means

x0∪t
k =

1

M

M∑

j=1

xjk (k = 1, . . . ,K) (24)

over all the characteristics values sampled. This estimation leads to the esti-
mated quality Ê(x0∪t).

This estimator together with any estimator β̂ of the parameter vector β
leads to the estimation

ĤPI
ap∪

0,t :=
Π̂t

ap

Π̂0
ap

:=
Π

(
Ê(x0∪t), β̂

t)

Π
(
Ê(x0∪t), β̂

0) =
Π

(
Ê(x0∪t), (β̂t

0, β̂
′

(−0))
′
)

Π
(
Ê(x0∪t), (β̂0

0 , β̂
′

(−0))
′
)

=
f
(
x0∪t, (β̂t

0, β̂
′

(−0))
′
)

f
(
x0∪t, (β̂0

0 , β̂
′

(−0))
′
) . (25)

of the hedonic adjacent periods price index.

Alternatively Estimated Hedonic Adjacent Periods Index

In practice, usually, to get a sample where the observations from the base and
the comparison period are “balanced”, a different estimation procedure is em-
ployed (see, e.g., [7], [5]). First a sample of M variants of the good considered
is drawn from the base period population and then all the variants drawn
are reconsidered in the comparison period. This sampling procedure leads to
two samples. Let the first sample concerning the base period 0 be denoted by
(p0

j , x
0
j1, . . . , x

0
jK) and the second sample concerning the comparison period t

by (pt
j , x

t
j1, . . . , x

t
jK), j = 1, . . . ,M .
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These data are pooled together to estimate the parameter vector β =
(β0, δ, β1, . . . , βK)′ of the statistical model (16). As estimation procedure the
OLS-method is used. Then, to estimate the hedonic quality E(x0∪t) of the
good considered, as above, an estimator of arithmetic means is employed.
But, this time, average is only taken over all the base period observations, i.e.
for estimating E(x0∪t) the estimator

x0 = (x0
1, . . . , x

0
K)′ (26)

with

x0
k :=

1

M

M∑

j=1

x0
jk (k = 1, . . . ,K) . (27)

is used.
This estimation, in general, of course leads to an estimated quality Ê(x0∪t)

different to the estimation introduced above. As a consequence, a different
estimation of the hedonic adjacent periods price index results. This estimation
is given by

ĤPI
ap0

0,t :=
f
(
x0, (β̂t

0, β̂
′

(−0))
′
)

f
(
x0, (β̂0

0 , β̂
′

(−0))
′
) . (28)

This estimation of (15) is what usually is meant when, in applications, is
spoken of hedonic adjacent periods price index.

However, it should be noted that this practice is in contradiction to the
basic idea of the true hedonic adjacent periods price index (15). It has been
mentioned in Sect. 3.3 that it is typical of this index concept that neither
the base period nor the comparison period quality serves as reference quality.
With the hedonic quality E(x0∪t), in a certain sense, deliberately, a kind of
“compromise quality” is used for that purpose. Estimating the hedonic quality
E(x0∪t) by (26) means to come back to Laspeyres’ concept and to favor the
base period.

Some well-known hedonic price index formulae result from (25) as special
cases when special functional forms of hedonic functions are assumed. If, e.g.,
the power function approach (6) is employed then (25) leads to

ĤPI
ap∪

0,t :=
f
(
x0∪t, (β̂t

0, β̂
′

(−0))
′
)

f
(
x0∪t, (β̂0

0 , β̂
′

(−0))
′
)

=
exp(ln β̂0

0 + δ̂)
∏K

k=1 (xk)β̂k

exp(ln β̂0
0)

∏K

k=1 (xk)β̂k

= exp(δ̂) . (29)

Note that this index is independent of how the hedonic quality of the good
considered is estimated.
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Another well-known hedonic price index formula results from (25) when
the linear approach (3) is employed. In that case (25) leads to

ĤPI
ap∪

0,t :=
f
(
x0∪t, (β̂t

0, β̂
′

(−0))
′
)

f
(
x0∪t, (β̂0

0 , β̂
′

(−0))
′
)

=
β̂0

0 + δ̂ +
∑K

k=1 β̂kx0∪t
k

β̂0
0 +

∑K

k=1 β̂kx0∪t
k

= 1 +
δ̂

β̂0
0 +

∑K

k=1 β̂kx0∪t
k

. (30)

Contrary to the index (29) this index depends on how the hedonic quality of
the good considered is estimated.

4.3 Statistical Problems and Techniques

There are three main statistical problems involved in the concept of a true
hedonic price index.

Specification of the Good

As the hedonic price index concept relies on the hedonic notion of a good,
first, the population of all variants defining a certain good in the sense of
Sect. 3.1 has to be determined empirically. I.e., it has to be decided which
commodities fit under one and the same hedonic equation in the sense that
their prices pj can be explained by the same set of characteristics variables
x = (x1, . . . , xK)′ and the same parameter vector β = (β0, . . . , βK)′ typical of
a certain parametric family of hedonic regression functions.

In practice, when starting to consider a certain good, the first decision
to be taken is about the characteristics characterizing that good in the sense
of the hedonic hypothesis. This problem is, for some goods, e.g., personal
computers, solvable. But for others a sufficient specification of characteristics
might be very hard to reach. So this is a first reason why, for conducting a
hedonic study, it is so important to “know your product” [20, p. 64].

A second decision to be taken is about the functional form of the hedonic
regression. There is no immediate statistical technique for helping the prac-
titioner to make the “best” choice. In the most intensely studied case of a
good, personal computer, the double log approach (7) has proved to be the
most preferable one (see, e.g., [5]). In other cases other approaches have been
used. When starting to introduce a hedonic index in practice it is recommend-
able to start with one, e.g., the double log approach, and then try out other
approaches and see which one yields the results which seem most reasonable
given the practical knowledge of the commodities considered. So this is a sec-
ond reason why, for conducting a hedonic study, it is so important to “know
your product”.

Assume that, on the basis of empirical a-priori reasons (e.g., practical
knowledge of the commodities), for a larger class of commodities a certain
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functional form of the hedonic regression has already been chosen. Then, the
decision which of these commodities really are variants of a certain good, i.e.
are characterized by the same parameter vector β = (β0, . . . , βK)′, should be
taken on the basis of the results of suitable statistical test procedures.

For that purpose, again on the basis of practical knowledge, this a-priori set
of commodities will, e.g., be separated in two disjoint subsets. Then, for each
subset, the hedonic parameters have to be estimated on the basis of samples
from these subsets. Finally, the null hypothesis that the slope coefficients of
the different subsets are equal has to be tested. Suitable procedures for this
test problem can be found in the statistics and econometrics literature (see,
e.g., [15]).

If the null hypothesis is rejected, then the two populations of variants
from which the samples had been drawn should be regarded as populations
characterizing different goods. If this is not the case, however, there is no
empirical evidence against treating these two populations as one population
characterizing one certain good.

An illustrative example for a good hedonic study where first it had to be
decided which commodities should be treated as variants of a certain good,
is the empirical study of Berndt [2]. In their study, the well-known Chow test
procedure is employed for testing for equality of regression parameters.

Estimation of Average Quality

It has already been mentioned in Sect. 3.3 that any procedure to estimate
a true hedonic price index must comprise an estimator for a hedonic quality
E(x) of the good considered. In the applied literature on hedonic price indices,
regularly, this estimation problem is not explicitly treated. As an estimator,
usually, a vector

x = (x1, . . . , xK)′ (31)

of arithmetic means is employed.
The task of estimating the hedonic quality E(x) of a good consists of

estimating the mathematical expectation of the random vector x. It is well-
known that the estimator x, statistically, is optimal in many senses: it is
unbiased independently of the underlying distribution and it is efficient, i.e.,
minimum variance estimator when the underlying distribution is multivariate
normal.

However, the routine application of the arithmetic mean, as it is common
practice in applied hedonic studies, is a dangerous endeavor. Despite its qual-
ities, it is also well-known that the arithmetic mean is very sensitive against
outliers. In the case of heavy-tailed distributions, the arithmetic mean looses
much of its efficiency. Then the estimator x can be heavily biased and quite
misleading.

Therefore, an important advice for the practice of hedonic price indices is,
first, to be aware that there is that problem of estimating hedonic qualities at
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all. And, second, before estimating the hedonic quality E(x) of a good, to look
at the multivariate distribution of the characteristics vector x and check for
outliers. The detection of multivariate outliers is by no means a trivial task.
For modern outlier detection methods see, e.g., [8].

Furthermore, there are well-known alternatives to the simple arithmetic
mean, e.g. the multivariate median. For practical purposes, the classical de-
vice is, to estimate the hedonic quality E(x) by the multivariate mean and
the multivariate median. When mean and median are quite similar then the
x-observations are “well-behaved” and one can proceed to estimate the pa-
rameter vector of the hedonic regression. If this is not the case, the data should
be scrutinized further for outliers. Depending on their character they should
be removed or not.

Estimation of Hedonic Parameters

The third statistical problem involved in the concept of a true hedonic price in-
dex is the problem of estimating the parameter vector β of a hedonic equation.
In the literature on hedonic price indices, this problem usually is regarded as a
standard econometric estimation problem. “From the statistical or economet-
ric point of view, there is nothing very complicated about estimating hedonic
functions” [20, p. 64].

In that vein, in the model (16) for the data it is simply, more or less im-
plicitly, assumed that for the error term u the classical assumptions where
the ordinary least squares (OLS) method is best hold. I.e., it is assumed that,
given the matrix X, for the conditional expectation of the error term holds
E(u | X) = 0 and for its conditional covariance matrix Cov(u | X) = σ2I.
Thus the conditional errors are assumed to be uncorrelated and homoscedas-
tic, i.e. to have equal variances. The OLS-assumptions will, in general, be
reasonable in cases where all the price observations are independent. Then,
the well-known OLS-estimator is best.

However, in practice, the OLS-assumptions may not be fulfilled and, e.g.,
at least some of the prices surveyed may be correlated. One reason could
be that some of the prices are collected by the same collector. This will, in
particular, be a problem when a hedonic adjacent periods index is alternatively
estimated in the sense of Sect. 4.2.

In that case, a sample of M variants of the good considered is drawn from
the base period population and then all the variants drawn are reconsidered in
the comparison period. Then the observations (pτ

j ,xτ
j ), τ = 0, t , j = 1, . . . ,M ,

are stacked together to estimate the parameter vector β.
I.e., in the model (16), the vector of the price observations is of the form

p = (p0 ′,pt ′)′ = (p0
1, . . . , p

0
M , pt

1, . . . , p
t
M )′

and the matrix X and the error term u have the forms
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X =




x0
1
...

x0
M

xt
1
...

xt
M




=




x0
11 . . . x0

1K
...

...
x0

M1 . . . x0
MK

xt
11 . . . xt

1K
...

...
xt

M1 . . . xt
MK




(32)

and
u = (u0 ′,ut ′) = (u0

1, . . . , u
0
M , ut

1, . . . , u
t
M )′ ,

respectively. Then the disturbance terms u0
j and ut

j , j = 1, . . . ,M , correspond-
ing to observations of the same commodity j, in general, will be correlated
and the matrix Cov(u | X) = σ2Σ may no more be diagonal but of the form

σ2Σ = σ2




1 · · · 0 %1 · · · 0
...

. . .
...

...
. . .

...
0 · · · 1 0 · · · %M

%1 · · · 0 1 · · · 0
...

. . .
...

...
. . .

...
0 · · · %M 0 · · · 1




, (33)

where %j = E(ujuj+M )/σ2, j = 1, . . . ,M , denotes the correlation between two
disturbance terms corresponding to the same commodity, sampled at different
times 0 and t.

In such cases the OLS-assumptions are no more fulfilled. If, neverthe-
less, the OLS-method is used for estimating the parameter vector β =
(β0, . . . , βK)′, it is well-known that the estimation is still unbiased but no
more efficient. The efficient estimator, then, is the generalized least squares
(GLS-) estimator.

5 Conclusion

In this paper, a statistical theory of hedonic price indices has been developed.
This theory, first, elaborates the basic ideas underlying the current statistical
practice of hedonic price indices. It specifies precise hedonic notions of a good
and its price as well as clear-cut definitions of true hedonic price indices. These
specifications provide a general framework within which a careful analysis of
the current hedonic practice is possible.

Within this framework, e.g., it becomes clear that the widely applied ad-
jacent periods price index can be regarded as an index which is, in a certain
sense, a kind of compromise index between classical Laspeyres and Paasche
type approaches. In that sense it corresponds to well-known compromise index
formulae like the Fisher or the Thørnquist index.
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The analysis carried out in this paper shows that the well-known hedo-
nic price index formulae actually are estimations of well-defined theoretical
concepts, the true hedonic price indices. It elucidates that there are, in fact,
three main statistical problems involved in these concepts: The problem of
specifying a good, and the problems of estimating a hedonic quality as well
as the parameter vector of a hedonic equation.

Unless these problems are well-known in general statistical theory, this
analysis shows further that each of these problems, can be a serious one in
practical applications of hedonic concepts. Furthermore, it becomes clear that
the techniques used in practice for estimating hedonic indices are just first
approaches. More statistical and econometric efforts are needed.

Sometimes, in official statistics, it is deplored that there is no interna-
tional “standard procedure” to calculate a hedonic price index. Some even
argue that, for them, this is a necessary prerequisite before routinely applying
hedonic price index concepts.

The theoretical statistical analysis of the concept of hedonic price indices
carried out in this paper, finally, shows that this hope will, at least in a nar-
rower sense, be in vain. A careful realization of a hedonic price index will
forever require a careful exploration of the specific case under consideration.
This exploration necessitates a sound practical knowledge of the good con-
sidered as well as more than average econometric and statistical competence.
One would render the dissemination of the hedonic idea a disservice when
the calculation of a hedonic index, generally, would be regarded as a simple
standard estimation problem.

The calculation of hedonic price indices is and will remain a necessary but
highly challenging statistical task.
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