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Thi s paper describes the najor nmethods used by statistica
agencies to adjust for differences in the quality of a good or
servi ce when one itemreplaces another in a sanple used to
construct a Consumer Price Index. The nethods are categorized as
either direct, including the production-cost and hedonic
approaches, or indirect, such as |inking or class-nean inputation
The paper al so presents sinplified exanple cal cul ati ons show ng
how t he net hods are applied in practice.

l. I ntroduction
1. A Consurer Price Index (CPl) is usually constructed by selecting a

sanmpl e of goods and services and then recording the prices of those itens on
a regular basis. On occasion, it becones necessary to replace one sanple
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2. item by another, either because the first item di sappears or as a
result of deliberate action by the statistical agency. In order to conpare

the prices of the old and new item a decision nust be nade as to the
relative consuner valuations of the itens. This decision is comonly
referred to as quality adjustment, and this paper describes the major quality
adj ust ment net hods used by statistical agencies.?

3. By any nmeasure, quality adjustment is critically inportant to the
accuracy of a CPl. First, the treatnent of replacenent itens and the
deconposition of observed price differences into quality and “pure price”
components is likely to have a large inpact on the rate of growh of the

i ndex. This has been denonstrated for the U S. CPl in papers by Arnknecht
and Weyback (1989) and Moulton and Myses (1997). Although price observations
i nvol ving replacement itenms accounted for |ess than four percent of all price
observations studied,? they accounted for the great majority of aggregate
annual index change. The authors also denonstrate that if all quality

di fferences between old and replacenent itens were ignored and the prices
directly conpared, CPI growh rates would be markedly different.

4, As a second indication of the inportance of quality adjustnent, it is

comonly cited as the | eading contribution to bias in the CPlI relative to a

cost-of-living index. The nost widely-cited bias estimtes are those by the
Advi sory Conmi ssion to Study the Consumer Price Index (the “Boskin

Conmi ssion”), again in the context of the U S. CPlI.® According to the

Conmi ssion, out of a total 1.1 percentage point estinmated upward bi as,

0.6 percentage point was due to the inadequate handling of new products and

qual ity change in existing products.*

5. Quality adjustnment is also inportant because it is so difficult.
Practitioners and outside experts agree that the process inmposes severe
information requirenents, both on product characteristics and on consumer
val uations of those attributes. Moreover, there are few commopn solutions to
the problenms that arise. As Shapiro and WIlcox (1996) have fanously and
accurately comented, “Quality change is the house-to-house conbat of price
measur enent . ” Nor dhaus (1998) has convincingly summarized the reasons why
quality adjustnent warrants further research

“Qual ity change poses severe problens for a statistical agency. It
i s non-nechanical in the sense that there is no way to deternine
quality change on a routine basis. It is heterogeneous in the
sense that each quality change is sui generis and, like a child,
requires individual attention. It is informationally denmanding
because it may require vast quantities of data that are expensive
to obtain and often do not pass the test of a market transaction
Even t hough routine procedures are established to handle quality
change, in the end quality decisions require the subjective

j udgrment about the extent of quality change, and agencies are
reluctant to make subjective judgnments.”
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6. Quality adjustnent could, in principle, be undertaken in a variety of
situations, such as when sanples are rotated. |In practice, however,

statistical agencies nake quality judgnents prinmarily in cases of item

repl acenent (sonetines called itemsubstitution). Agency procedures guide
the decision of when to replace a sanple item and how to sel ect the
replacenent item Odinarily, the replacenent will be necessary because the
itempriced in period t is no longer available in the sales outlet in

period t+1.

7. In turn, the replacenment nmakes it necessary to deci de whether the new
itemcan be treated as equivalent, or essentially simlar, to the old item
and their prices conpared as though no substitution had taken place. This

decision is what we typically refer to as a quality judgnent. |f the prices
are directly conpared, the itens nust have been determined to be of
conmparable quality to the consuner. |f not, then sone inplicit or explicit

adj ust nent has been made for differences in quality between the new and ol d
item

8. Di scussions of “quality” in price indexes often place the termw thin
quot ati on marks, and few authors have attenpted to provide a rigorous
definition of quality. A notable exception is Triplett (1971), who presents
three concepts of “quality” and argues that the third concept is nost

rel evant for econonmic neasurenent:

“"Quality’ is associated with a ranking of products (or services)
according to grade, desirability, useful ness, or degree of
excel | ence.”

9. This definition goes beyond the sinple differentiation of products
according to their characteristics or attributes, to focus on the ranking of
those characteristic bundles. |In the context of consuner price nmeasurenent,
the relevant ranking is that inplied by consuner preferences. Differences in
product attributes that are irrelevant to the consuner are correspondi ngly
irrelevant to construction of a CPI

10. Finally, before proceeding it should be noted that, just as “quality”
is atermthat is difficult to define, there has al so been confusion or

di sagreenent about what constitutes “quality adjustnent.” Anbng
practitioners, a distinction commonly is nade between “explicit” or “direct”
quality adjustnents, on the one hand, and “inplicit” or “indirect” quality
adjustnents that rely only on market prices to infer relative consumer

val uations of items.® This is the usage that will be followed in this paper
Some aut hors, however, are reluctant to apply the term“quality adjustnment”
to the inplicit methods.® Also, a distinction is sometines drawn between
adjustnents for true “quality” and adjustnments for quantity or other product
attributes.’
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1. Direct Estimation

11. This section describes the several approaches to the direct estination
of quality differentials between the itens priced in periods t and t-1. Pure
price change is then inplicitly estimated as the remaining difference in
price.

Conpar abl e substitution

12. The sinplest case is that in which the two itens are deternined to be
of equivalent value to the consuner; that is, the best estimate of quality
difference is zero. No quality adjustnent is nmade, and the prices of the two
itens are directly conpared in index calculation. In the United States, this
case is referred to as a “conparable substitution.” Hoven (1999) describes
this as a special case of “subjective quality adjustnent,” because the

determ nati on of product equival ence is based on the judgnment of the
commodity specialist.

Transformation to quantities

13. In sone situations, there is a readily available quantity netric that
can be used to conpare the itens. Exanples mght be the nunber of units in a
package (e.g., paper plates or vitamn pills), or the size or weight of a
container (e.g., liters of soda or mlligrans in a candy bar). Quality

adj ust nent can be acconplished by scaling the price of the old or new item by
the ratio of quantities.?®

14. The i ndex production system in fact, may do this scaling adjustnent
automatically, by converting all prices in the category to a price per unit
of size, weight, or nunber. The issue then beconmes one of identifying and
dealing with situations where such scaling is inappropriate. For exanple, it
may be reasonable to decide that a bottle of aspirin containing 500 tablets
may not have 10 tines the quality of a 50-tablet bottle.

Option cost

15. QG her situations may arise in which the old and new itens differ in
quantifiable characteristics that can be valued in nonetary terns by
reference to market prices. An exanple is the addition of a feature to an
aut onobil e nodel. The feature nmay have been available as an option either in
the prior period or currently for other nodels, providing an absolute or
proportional consuner valuation. For exanple, Armknecht and Mitland-Snith
(1999) note that when radial tires became a standard feature on new
aut onobiles the price of adding optional radial tires was used to detern ne
the quality adjustments in the U S. CPI. Simlar opportunities to utilize
option prices may present thenselves nost often in the case of other consumner
dur abl es.
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16. In other cases, the valuation of a quantifiable product feature nmay be
readily available fromthe conparison of different product prices. Turvey
(1989) gives the exanple of whiskeys of different percentage al cohol content.
The quality adjustment for a change in the al cohol content of one product may
be inferable fromthe market relationship between proof and price. This
approach can be viewed as a singl e-di nensional application of the hedonic

nmet hod, which is described bel ow

Producti on cost

17. When the replacenent item has additional features related to inproved
quality, it nmay be possible to obtain information from producers on the
resource cost of those features. Although the objective in the CPl is to
adjust for the consunmer valuation of quality differences, the nost effective
way of estimating that valuation will sonetines be to begin with the
difference in production cost.® The cost estimte nust then be “marked up” to
retail value, and associated indirect taxes added.

18. This approach will be npbst practicable in markets with a relatively
smal | nunbers of producers and in which new nodels are introduced at
relatively predictable points in tine. These conditions will facilitate the
necessary conmuni cati on between the producers and statistical agency staff.
This approach will always be subject to the criticismthat the producers nmay
have the incentive and opportunity to exaggerate the resource costs of any
particul ar product inprovenent. Consequently, the agency anal ysts nust take
care to verify, as much as possible, the information that they are provided.

19. The new vehicl e conmponent of the U S. CPl presents an exanple of the
producer cost approach.! Just prior to the annual nodel year introductions
BLS staff visit selected manufacturers to collect cost information. The data
are used in the Producer Price Index (PPl) and International Price |Index
prograns as well as in the CPl, and the infornmation gathering activity is a
joint operation of the three prograns. Allowable product changes for the
pur pose of quality adjustnents include occupant safety enhancenents;
nmechani cal and el ectrical inprovenments to overall vehicle operation or
efficiency; changes that affect length of service or need for repair; and
changes affecting confort or convenience. No adjustments are nade for style
or appearance changes, or for design changes that affect the cost of
production but not functionality or performance.'® Figure 1 displays an
exanpl e of the annual public announcenent of the average quality adjustnent
for vehicles priced in the PPI. The average adjustment will be different in
the CPlI, in part because of the retail markup and the different sanple and
wei ghti ng of vehicles.

20. The producer orientation of the PPl (and export price index) inplies
that resource cost is the appropriate criterion for quality adjustnent in
that program®® One distinction, then, between the use of producer cost
estimates in the CPl and PPl is that only the former programw || add retai
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mar kups and indirect taxes. Another inportant difference in handling may
occur in situations where product inprovenments are mandated by governnent.
Sone of these mandated inprovenents provide no direct benefit to the
purchaser; in those cases it is appropriate to make a quality adjustment for
the associated resource cost in the PPI, but not in the CPl, where the
appropriate criterion is user value.

21. The primary exanples of this issue are mandated changes in notor
vehicles and notor fuel, designed to inprove air quality. The purchaser of
an autonobile receives only a negligible direct benefit fromany pollution
control devices on that vehicle, and the market price for such devices, if
not mandat ed, woul d be near zero. Although the consumer benefits from any

i mprovenent in air quality that nmay be attributed to w despread adoption of

t hese devi ces, changes in the quality of the environnent are generally
outside the scope of the CPlI, and no quality adjustnent should be nade in the
CPl for this type of pollution-control mandate.®

Hedoni cs
22. The use of hedonic regression is probably the fastest-grow ng nethod of
direct quality adjustnent. It is outside the scope of this paper to review

either the theoretical underpinnings or the enpirical history of the
approach, which relies on statistical estimation of the consuner val uations
of product characteristics, using nmarket price data for products with
differing conbinations and | evels of those characteristics.® Product price
is the dependent variable in a hedonic regression, and the characteristic
val ues are the explanatory vari abl es.

23. A hedoni c-based estinmate of price change for a particular item category
can be obtained explicitly fromsuch a regression, typically by conbining
data fromtwo tinme periods and including a dumy explanatory variable to

i ndi cate observations fromthe later period. In this case the coefficient on
the dunmy variable is the estimate price change in absolute or proportiona
terns, depending on the functional form of the regression

24. Statistical agencies, however, have usually followed a different
approach. As in other methods for quality adjustnent, the adjustnments have
been nmade in the context of itemreplacenent. Wen the new and old item
differ in one or nore of the characteristics included in the hedonic
regression nodel, the coefficients associated with those characteristic
vari ables are used to adjust the price differential, yielding an inproved
estimate of pure price change

25. The recent paper by Bascher and Lacroix (1999) presents a hedonic
regressi on nodel for di shwashers, now being used in the French CPI. The
coefficients of the nodel are shown in Figure 2. The formof the nodel is
Iinear, and the dependent variable is the price. The independent variables
fall into three groups: technical appliance characteristics, product brand
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category, and outlet type. Thus, for exanple, dishwashers with “Low Noise”

| evel s are found to command a 735-franc prem um on average, relative to
units with average noise levels, and to average 1,019 francs higher in price
than the very-noisy units. |In general, the results are satisfactory and
support the use of the regression for quality adjustnment. The coefficients
are significant and plausible, and the explanatory power of the regression is
high. Sinmulations by the authors indicate some upward effect on the index
fromthe use of the hedonic nmethod in 1998, as conpared to exclusive use of
the linking or “dissimlar” method.

26. Bascher and Lacroix list the several requirenents for successful design
and use of hedonic quality adjustnent in the CPl, noting that these require
heavy investnents over a |ong period:

Intell ectual conpetencies and sufficient time to develop and reestimate
the nmodel, and to enploy it when products are repl aced;

Access to detailed, reliable informati on on product characteristics;
and

A suitabl e organization of the infrastructure for collecting, checking,
and processing information.

27. It should be noted that hedonic nmethods can al so inprove quality
adjustnent in the CPl by indicating which product attributes do not appear to
have material inpacts on price. That is, if a replacenent itemdiffers from
the old itemonly in characteristics that have been rejected as price-

determ ning variables in a hedonic study, this would support a decision to
treat the itens as conparable or equivalent and include the entire price
difference, if any, as pure price change. The enhanced confidence in
comparabi l ity deci sionnaki ng, and parallel reduction in reliance on
“l'inking,” has been cited as one of the significant benefits of the hedonic
research on apparel in the United States. '’

IIl. Indirect estimtion

28. The so-called indirect nmethods for quality adjustnent proceed by first
estimating the pure price change conponent of the price difference between
the old and newitem The quality difference is then inplicitly defined by
the residual price differential. The indirect nmethods are generally viewed
as less desirable than the direct nethods described above, but are the only
avail able options in the great majority of non-conparabl e repl acenment
situations.
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Li nki ng

29. The |inking approach is perhaps the nost often criticized procedure in
econoni ¢ neasurenment.!® This is despite the fact that its notivating
assunption—that relative market prices reflect relative consuner val uati ons—
is entirely consistent with econonmic theory and is related to the assunptions
needed for the hedonic or production-cost direct approaches.

30. Li nking is conmonly applied when a sanple itempriced in periodt is
unavail able in period t+1 and nust be replaced by a newitem when the two
items cannot be judged conparable in quality, and when no direct quality

adj ust nent nethod can be enpl oyed. The |inking procedure can be described in
two equi val ent ways:

The old and new itens are deleted fromthe cal cul ati on of price change
in period t+1.

The pure price conponent of the difference between the prices of the
old and new itenms is computed using the remai nder of the item sanple.
The remai nder of the price difference is assuned to be due to quality.

31. Thus, the category index change for period t+1 is cal cul ated w thout
reference to the old and replacenent itens’ prices. The replacenent itemis
used in the cal culations for subsequent periods. Inplicitly or explicitly

(depending on the index forrmula and cal cul ation algorithm as described bel ow
in section IV), the price of the old itemis extrapolated to period t+1 using
the category index values, and the ratio of this extrapolated value to the
replacenent itenis price is assunmed to reflect the relative qualities of the
two itemns.

32. Clearly, the linking method will lead to index distortions if newitens
are introduced at systematically different “pure prices” (that is, prices per
unit of “quality”) fromthose of the other itens in the market. There are
three prom nent paradigns or heuristic exanples of the ways in which this
might occur.!® First is the personal conputer paradigm new conputers enter
the market at prices equal to—er |ower than—those of the previous nodels, but
with greater speed and capability. Linking, by assumi ng that the new and ol d
nodel s have the sanme quality-adjusted price, will result in an index change
that is too high. Second is the apparel paradigm new itenms of clothing
enter the market at higher quality-adjusted prices, because the itens they
repl ace were being discounted at the end of their season or style cycle.

Li nking then | eads to an understatenment of index change. Both these

par adi gns have notivated the expanded use of hedonic regression nodels in
order to adjust for quality differences directly.
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Cl ass Mean I nputation

33. A third paradi gm provides the nmotivation for the “class mean” (or
“substitution relative”) method of inplicit quality adjustnent in the U'S
CPlI. As discussed in Reinsdorf, Liegey and Stewart (1996), Arnknecht, Lane,
and Stewart (1997), and Arnknecht and Maitland-Smth (1999), price change in
practice is often associated with the introduction of new products.

Manuf acturers may, for exanple, take the opportunity of new nbdel changeover
to increase prices. Quantitative evidence in support of this scenario is
presented by Multon and Moses (1997), using U. S. CPl data for 1995. Over
all items studied, the average pure price change was only 0.12 percent for
identical itens being repriced (on a nonthly or binonthly basis), conpared to
an average 2.51 percent change for conparable substitutes—tens judged

equi valent to the itens they replaced.? Thus, the price novenent of
continuing itens appears to be a flawed proxy for the pure price conponent of
the difference between old and repl acenment itens.

34. The cl ass nean nethod, adopted in the U S. CPlI for autonobiles in 1989
and phased in for nost other non-food comodities beginning in 1992, differs
fromthe linking nethod only in the source for the inmputed rate of price
change for the old itemin period t+1. Rather than using the category index
change, obtained using all the non-mssing itens in the category, the inputed
rate of price change is based on constant-quality replacenent itens—those
that were judged conparable or that were quality-adjusted directly.

Overl ap

35. The overlap method is the sinplest and nost transparent technique for
quality adjustnent, and can be applied when the old and repl acenent itemare
both available in the same pricing period. Like the linking nmethod, it
proceeds fromthe assunption that the price per unit of quality is the same
for all itens in the product category for which the index is being produced.
The quality difference between the old and new itens is then equal to the
price difference.

36. The data necessary for the overlap nethod sel domare present in the
context of itemsubstitution. Inplicitly, however, the overlap nethod is
enpl oyed when sanples are rotated. That is, the old sanmple of itens is used
to conpute the category index change between periods t-1 and t, and the new
sampl e used between t and t+1. The “splicing” together of these index
nmovenents is justified by the assunption that—en a group-to-group rather than
itemto-itemlevel —differences in price levels at a conmon point in tine
accurately reflect differences in qualities.

The German Approach

37. Hof f man (1999) describes a possibly unique alternative for quality
adj ustnent of replacenent itenms in the German CPI. Wen a new product is
nmore expensive than the itemit replaces, a flexible adjustnent factor can be
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enpl oyed, attributing none, sone, or all of the price difference to inproved
quality. In particular, when no precise information is avail able on which
to nake a quality determination, it is permssible to adjust by 50 percent of
the price difference. The guidelines used in Germany since 1997 repl aced
flawed procedures in which the particul ar nethods chosen for individua

qual ity adjustnents depended on the difference in price alone. As Hoffnman
notes, however, even in the current approach no quality adjustnent is nade if
the newitemis | ess expensive than the old. Consequently, problens could
arise if an increase in quality is acconpanied by a decrease in price (or

Vi ce versa).

38. The sonewhat nechani cal nethods used in the German CPl are nade
necessary by the fact that quality adjustnents for nost goods are nmade not in
the central CPlI office but by price collectors in the field. Wde use of the
hedoni ¢ and production-cost approaches is precluded under these conditions.
Thus, the organi zational structure of the statistical agency, as well as its
funding level, will necessarily influence its choice of quality adjustnent
met hods.

Li nk To Show No Change

39. Finally, nention should be nade of the “link to show no change” et hod.
In this approach the whole price difference between the old and newitens is
attributed to quality difference. |In conputing index change in period t+1,
the previous-period price of the replaced itemis carried forward as if its
price had renmai ned unchanged. Although this nethod is still common in
practice, it is widely recogni zed as biased and, as noted by Astin and
Sel l wood (1998), Eurostat explicitly precludes its use in the Harnonized

I ndi ces of Consuner Prices.

I V. | mpl ement ati on Fornul as

40. The foregoi ng di scussion has described, in general terms, various ways
by which the price difference between an “old” and a “new’ item can be
deconposed into “quality” and “pure price” differences. This section
presents mat hemati cal exanpl es of how these deconpositions are used in the
el ementary i ndexes of a CPI

41. It is sufficient for our present purposes to denpnstrate two
approaches: a direct quality adjustnent, and the indirect |inking method.
Conplicating the matter, however, is the fact that agencies enpl oy numerous
alternative fornulas for their basic category indexes. Three fornmulas wll
be denonstrated here: the chained geonetric nean, the so-called “Mdified
Laspeyres” formula as used in nuch of the U.S. CPl,% and the unwei ghted
chai ned ratio-of-average-prices formula. These should be sufficient to
convey how quality adjustnments woul d be incorporated into other potentia
for mul as.
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42. The hypothetical price data for these index cal culations are taken from
Turvey (1989, Box 10, p. 96) and are replicated in Figures 3 and 4. 1In each
of the nonths O through 5, there are three itens, or varieties, whose prices
are available for use in the index. Beginning in nonth 3, itemAis

unavai lable and is replaced by itemD;, itenms B and C are avail able

t hr oughout .

43. Cal cul ation of the three index formulas requires sone di scussion of
wei ghting. By assunption, the ratio-of-average-prices index is unweighted,
only prices are used in its conputation. The cal cul ation of weights is

i nherent in the Mddified Laspeyres index, however. That approach defines
the index objective for period t as

It = [SQiP:i]/[SQiPril

where the sunmations are over items i, the Q; are quantities purchased during
a base period 0, and the P, are prices in a reference period r. Si nce
quantities are not observed directly, the index is estimated as

Ie = [ Swoi (Pei/ Poi) ]/ [ Swoi (Pri/ Poi) 1]

where the w, are sanpling weights representing base period expenditures, and
the P, are estimted base-period prices.?® For our calculations, we wll
assune that the sanpling weights are all equal to unity, and that the
quantity weights are therefore equal to the reciprocal of the nonth-0 price
We will also assunme, for convenience, that the base and reference periods O
and r are the same. Thus, for exanple, the inplied quantity weight of item
A, as shown in the first colum of the Figures, is 0.2 (1/5). For the
geonetric mean index, the assunption of equal expenditure values for each
itemis equivalent to computing the index w thout weights.

44, Under these assunptions, the index relatives, or ratios, for nonth 1
are, for exanple:

Geometric Mean: [(6*5*7)/(5*4*8)]Y3 = 1.09
Rati o of Averages: (6+5+7)/(5+4+8) = 1.06
Modi fied Laspeyres: [(6/5)+(5/4)+(7/8)]1/[ [(5/5)+(4/4)+(8/8)] = 1.11

Direct quality adjustnent

45. Figure 3 denpnstrates the inplenentation of a production cost, hedonic,
or other direct quality adjustnent analysis. Assune that the analysis has
yiel ded an estinmate that item D has 20 percent higher quality than itemA
Equi val ently, one unit of itemDis judged to be equivalent to 1.2 units of

itemA |In each of the three fornulas illustrated in the figure, the
adj ustnent is acconplished by inputing a nonth-2 price of 6 (=5*1.2) for
itemD. In addition, the Mddified Laspeyres nethod requires that the base

price for itemD also be scaled upward by a factor of 1.2 fromits value for
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itemA  Thus, the base price for itemDis 6 and its inplicit quantity
wei ght is 1/6.

46. The index relatives for nonth 3 are then

Geonetric Mean: [(7*9*7.5)/(6*9*6)]Y® = 1.13
Rati o of Averages: (7+9+7.5)/(6+9+6) = 1.12
Modi fi ed Laspeyres: [(7/4)+(9/8)+(7.5/6)]/[ [(6/4)+(9/8)+(6/6)] = 1.14

47. An inmportant issue to note is that the ratio-of-averages index is not
invariant to the scaling of the newitem That is, had item D been
introduced at a price of 15 and a relative quality of 2.4, rather than at 7.5
and 1.2, respectively, both the geonetric nmean and Mdified Laspeyres indexes
woul d have yielded the same result as in Figure 3. The ratio-of-averages

i ndex rel ative, however, would have been 1.148 in nonth 3 and woul d al so have
been different in the later periods, as the higher price for itemD woul d
have given it a greater inportance relative to itens B and C 2

Li nki ng

48. Figure 4 denonstrates the application of linking. The relative
qualities of items A and D are inferred using the index relative between
months 2 and 3. That index relative is estimated using only itens B and C
and is given by:

Georetric Mean: [(7*9)/(6*9)]Y? = 1.08
Ratio of Averages: (7+9)/(6+9) = 1.07
Modi fied Laspeyres: [(7/4)+(9/8)]/[ [(6/4)+(9/8)] = 1.10

49. In nmonths 4 and thereafter, the first two indexes are conputed using
items B through D, in the sane way that itens A through C were used in the
initial periods. As in the direct quality adjustnent case, however, the
Modi fi ed Laspeyres index additionally requires the cal cul ation of a base-
period price and inplicit quantity weight for itemD. This is acconplished
in four steps:

(1) Extrapol ate the nonth-2 price of itemA to period 3, using the index
relative 1.10; this yields an inputed period-3 price of 5.48 (the
precise calculation is 5*1.095=5.476).

(2) Estimate the quality of itemDrelative to itemA by the ratio of item
Ds price in period 3 toitemA s inputed price; this ratio is 1.370
(7.5/5.476 = 1.370).

(3) Conpute the base period price of itemD by nultiplying item A s base
period price by the quality ratio of the two itenms; this yields 6.85
(5*1.370 = 6.848).
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(4) The quantity weight for itemD is then 0.15, the inverse of the base-
period price (1/6.848 = 0.146).

50. The new base price for itemD is used in the subsequent periods. For
exanple, in nonth 4 the Mdified Laspeyres relative is conputed as
[(7/4)+(8/8)+(8/6.848)]1/[ [(7/4)+(9/8)+(7.5/6.848)] = 0.99.

51. Also as in the direct quality adjustnment case, the ratio-of-averages
index will not be invariant to the scaling of the newitem For exanple, had
item D been introduced at a price of 12.5 instead of 7.5, the resulting

rati o-of -averages index would be different in nmonths 4 and 5, ending at a

| evel of 91.13 instead of 91.94, but the geonetric nean and Modifi ed
Laspeyres indexes would be unaffected. This occurs because the price |eve

of itemD deternines its relative inportance in the ratio-of-averages index

V. Concl udi ng Remar ks

52. This section briefly mentions a few of the npbst significant current
devel opnments and issues faced by statistical agencies in their continuing
attenpt to deal with quality change in consumer price indexes

53. The use of the hedonic regression technique continues to grow. It
offers potentially significant gains in the accuracy of quality adjustnment,
particularly for consumer durable goods. A mmjor obstacle to its use has
been a | ack of data sets extensive and tinmely enough to support regression
estimati on of the necessary paraneters. The increasing availability of

el ectronic scanner data may hel p overcone this problem Scanner data sets
are large, and if they can be acquired in a tinely fashion they may enabl e
agencies to estimate coefficients for product attributes soon after those
attributes reach the market.

54, CQut si de of the goods categories of the CPI, forni dabl e obstacles
remai n. Hedonic nmethods are likely to be much | ess successful for nodeling
the price-quality relationship in services than in consuner durables. For
several services categories, including college tuition, |egal services, and
medi cal care, it is difficult even to describe the data that one night
attenpt to collect as a basis for tinmely quality adjustnment. 1In the sane
way, comments on the rate of quality change in services like airline fares
have been based nore on fragnentary or anecdotal information (on safety, on-
time records, courtesy, or confort) than on the type of systematic analysis
that has been applied to consumer durable products. This is a field in which
much nore research is needed

55. A related issue concerns quality change that is not associated with
specific items. A supermarket, for exanple, may attract customers by
providing w der aisles, faster checkouts, nore attentive staff, or a w der
range of brands. This sort of consunmer benefit is not ordinarily reflected
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in a CPl, because the services are provided w thout specific charge; rather
they are incorporated in the prices of the goods sold. That does not nean,
however, that conceptually such quality inprovenents should be outside the
scope of the index.

56. It is inportant also to recognize the inter-relationships anong the
met hods for handling itemrotation, itemreplacenent, and quality adjustnent.
It was noted above that when CPl item sanples are updated any difference in
average quality between sanples is dealt with in a way that is equivalent to
the overlap adjustnment technique. The overlap nmethod, like the nore
frequently enployed linking method, is widely viewed as sub-optinmal because
it requires that price novenents for continuously-available itens be an
adequate proxy for the change in price per unit of quality between

di sappearing and replacenent itens. Thus, if this criticismis accepted,
consi deration should be given to nmethods for nmaking quality adjustnents at
the tine of sanple rotation. 2

57. A recognition of failures of the “Law of One Price” al so has
potentially inportant inplications for the processes used to sel ect

repl acenent itens. Traditionally, pricing agents are trained to find
substitute itens that are as simlar as possible to the itens being repl aced.
This maxim zes the likelihood that the old and replacenent itemw | be

j udged equival ent, and so ninimzes the need to enploy sone nethod of quality
adjustnent. |If newitenms enter the market at |ower prices (per unit of
quality), however, it becones inportant to keep sanples as representative as
possible of the entire market. Mreover, in item categories where hedonic or
other direct quality adjustnent nethods are in use, selecting a non-

conpar abl e repl acenent item does not automatically force the use of the

probl ematic |inking nethod. Consequently, as statistical agencies acquire a
greater confidence in and willingness to enploy the direct quality adjustnment
nmet hods, they may wish to consider substituting to the newest, or nost
representative, itens rather than to the nost simlar itens. Subject to
resource constraints, nore frequent sanple rotation or directed repl acenent
may al so be warranted.
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Figurel
Announcement of Vehicle Production Cost Quality Adjustment
U.S. PPI and CPI
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REPORT ON QUALITY CHANGESFOR 1999 MODEL VEHICLES

Passenger Cars

The value of quality changes for a sample of 16 domestic passenger cars for the 1999 model
year included in the Producer Price Index for October averaged $13.49, according to estimates by the
Bureau of Labor Statistics (BLS) of the U.S. Department of Labor. This change represents
12.3 percent of the average $109.67 yearly increase in producers prices.

The retail equivalent of these quality changes averaged $15.50, representing 10.0 percent of
the average $155.27 yearly increase in manufacturers suggested list prices.

These quality-change values represent modifications made to meet 1990 Clean Air Act
amendments, changes in levels of standard or optional equipment, and upgrades to powertrains and
corrosion protection.

Light Trucks

The value of quality changes for a sample of 15 domestic light trucks for the 1999 model year
included in the Producer Price Index for October averaged $408.52. This change represents
95.0 percent of the average $430.08 yearly increase in producers’ prices.

The retail equivalent of quality changes for domestic light trucks averaged $484.86,
representing 98.6 percent of the average $491.63 yearly increase in manufacturers suggested list
prices.

The $484.86 estimated retail level of quality change breaks down as follows:

$76.61 for changes in accordance with 1990 Clean Air Act Amendments

$408.25 for other quality changes such as powertrain improvements, corrosion
protection upgrades, and changes in levels of standard or optional equipment.

Estimates of the value of quality change are based on a review by the BLS of data supplied by
producers for similarly equipped 1998 and 1999 domestic models priced for the Producer Price Index.
Most of the estimates of quality changes in this release are derived from information supplied for the
Producer Price Index for October.
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Figure?2
Hedonic M odel for Dishwashers, 1998
French CPI
Independent Variable Observations (%) Coefficient t statistic
Model Intercept 5195 24.607
Number of Programs 100 120 8.397
Water Consumption 100 -54 -4.64
Power Consumption 100 -606 -4.416
Sales Outlet
Hypermarkets and Specialized Stores 72.5 Reference
Department Stores 4.2 250 3.012
Conventional Stores 23.3 251 6.359
Delayed Sart
Without 81.7 Reference
With 18.3 248 5.296
Noise Level
Very Noisy 36.7 -284 -5.427
Average Noise 54.5 Reference
Low Noise 8.9 735 11.413
Brand Reputation
General Class 8lL1 Reference
Fair 6.4 350 5.051
Good 3.6 475 5.188
Very Good 89 1764 21.653

R?=0.87
Adjusted R* = 0.86
Prob>F=0.0001

Source: Bascher and Lacroix (1999)
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Figure3
Example of Direct Quality Adjustment
Month

Quantity

Weight 0 1 2 3
Prices
[tem A 0.20 5.00 6.00 5.00
Iltem B 0.25 4.00
I[tem C 0.13 8.00
Iltem D 0.17 6.00
Geometric Mean
Relative
Index 100.00
Ratio of Averages
Relative
Index 100.00
Modified Laspeyres
Relative
Index 100.00

Numbersin bold represent imputed values.

5.00 6.00 7.00
7.00 9.00 9.00
6.00 7.50

1.09 1.09 1.13
10949 11906 135.01

1.06 111 112
105.88 117.65 131.65

111 1.09 1.14
110.83 120.83 137.50

7.00
8.00
8.00

0.98
132.64

0.98
128.85

0.99
136.11

4.00
8.00
5.22

0.72
95.45

0.75
96.46

0.70
95.65
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Figure4
Example of Linking
Month

Quantity

Weight 0 1 2 3 4 5
Prices
[tem A 0.20 5.00 6.00 5.00 5.48
Iltem B 0.25 4.00 5.00 6.00 7.00 7.00 4.00
I[tem C 0.13 8.00 7.00 9.00 9.00 8.00 8.00
I[tem D 0.15 6.85 7.50 8.00 522
Geometric Mean
Relative 1.09 1.09 1.08 0.98 0.72
Index 100.00 10949 119.06 12859  126.33 90.91
Ratio of Averages
Relative 1.06 111 1.07 0.98 0.75
Index 100.00 105.88 117.65 12549 122.82 91.94
Modified Laspeyres
Relative 111 1.09 1.10 0.99 0.70
Index 100.00 110.83 120.83 13234 130.61 92.06

Numbersin bold represent imputed values.
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END NOTES

! The present paper draws heavily on the sections entitled “Quality and CQutput
Changes: A Major Problent and “Linking When Quality or CQutlet Has Changed”
in the |ILO manual by Ral ph Turvey (1989), as well as his recent updates
(Turvey 1999a, 1999b). Much of the naterial also follows the excellent
descriptions of alternative nethods presented by Arnknecht and Maitland-Snith
(1999) and Moulton and Moses (1997). Finally, note should al so be taken of
the very detailed description in US. General Accounting Ofice (1999) of

U.S. CPl procedures for handling of replacenent itens.

2 The years anal yzed were 1983, 1984, and 1995. Rent, Oaners’ Equival ent
Rent, and certain other item categories were excluded from consideration

8 See U.S. Senate (1996).

4 Another 0.1 percentage point was attributed to new outlet bias, which can
al so be viewed as a quality adjustnment problem the quality being associated
with a sales outlet rather than with a product.

® See, for exanple, Arnknecht and Maitland-Smith (1999).

® For exanple, Boskin et al (1998) comment “Yes, the BLS does lots of ‘price
adjustnents’ ...it does not adjust explicitly for quality change, as we were
defining it, except in the case of autonobiles, apparel, and possibly rental
apartment units ...”

" The U.S. General Accounting Office (1999), in its discussion of “what BLS
refers to as quality adjustnments,” states that CPl anal ysts “sonetines make
adjustnents for differences not necessarily related to quality. For exanple,
t hey nmake adjustments ...to account for differences in size or quantity.”

8 See the discussion of inplenentation nethods in section |V below for a
conparison of adjustments to the current and previous price.

° Triplett (1983) provides a detailed discussion of the relationship in market
equi l i brium between resource costs of product characteristics and user
val uations of those characteristics

10 As noted by Schultz (1999), overestimtion of autonobile quality
adj ustnents has sonetines been cited as an upward bias in the CPI. See also
Giliches (1971) and Triplett (1997).

1 The same proportional adjustments are applied to the index for used cars
and trucks as the correspondi ng vehicles enter that index.
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12 See U.S. Bureau of Labor Statistics (1999) and U.S. General Accounting

O fice (1999, Appendix 1V). Schultz (1999) notes that autonobile quality
adjustnents in the Canadian CPl similarly distinguish between inprovenents to
performance, durability, or safety and changes consi dered cosnetic.

13 See Triplett (1983).

4 Note that if the air quality inprovement were acconplished through an

i ndirect tax on autonobiles, no quality adjustnent would be applied in the
CPI. The treatnent of pollution mandates has provoked controversy in the

past, although nbst economni sts have been in support of the view expressed

here. See, for exanple, U S. Senate (1996, p.34) and Popkin (1998).

1S This policy was inplenmented in the U.S. CPl in 1999, reversing a | ong-
standi ng policy of allow ng production cost-based quality adjustnments for air
quality mandates in vehicles and notor fuel. See Fixler (1998) for a
description and justification of the change.

1 There is a vol um nous economi ¢ and econometric literature on hedonic
quality adjustnent. Recent discussions include those by Kokoski (1993),
Feenstra (1995), Kokoski, Multon, and Zi eschang (1998), and Silver and
Heravi (1999), and the citations therein. The papers presented at recent
meetings of the International Wirking G oup on Price Indices (the Otawa

G oup) contain several describing hedonic research or application by CP
prograns; see, for exanple, Bascher and Lacroix (1999), Fixler et al (1999),
Ki nnunen (1999), Lowe (1999), and Multon, LaFleur, and Moses (1999).

17 See, for exanple, Reinsdorf, Liegey, and Stewart (1996).

18 There has been a confusing variety of terminology used for indirect quality
adj ustnent procedures. What we refer to here as |inking has sonetinmes been
called splicing, the deletion nethod or the overlap mnethod.

19 Lowe (1999) lists several other potential problens in the case of durable
goods; for exanple, manufacturers or retailers may nisjudge the value of the
new itemand introduce it an inappropriately high or |low price

20 The correspondi ng average price change was 2.66 percent for directly-
qual ity-adjusted substitute itens.

21 The Modified Laspeyres is used also in Germany and el sewher e;

i mpl ementation details, however, nmay be specific to countries, and the
specific statenents in the text regarding the Mdified Laspeyres may not
necessarily apply outside the U.S. CPI. In January 1999 the United States
adopted the geonetric nean for npbst item categories
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22 The specific alternative formulas for base prices in the U.S. CPl are given
in the appendix to Multon (1996).

2 The sensitivity of the ratio-of-averages nethod to the initial price of an
item and the inplications for its use in heterogeneous item categories, have

| ong been recogni zed. See, for exanple, Szulc (1989).

24 see, for exanple, Multon, LaFleur, and Mbses (1999) and Mul ton (1999).



