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National accounts deflators for computers and I T (information technology) equipment differ
enormoudly. Computer equipment deflatorsin the national accounts of OECD countries recorded
changes that ranged from +80% to —72% for the decade of the 1980s (Wyckoff, 1995). Astheseare
internationally traded commodities, it is not plausible that internal market conditions in developed
countries can create differences of this magnitude. A Eurostat task force (Eurostat, 1999) found a smaller
dispersion among European countries’ IT deflators for the early 1990s. Buit still, price declines recorded
by national computer deflators in Europe ranged from -10%to -47%. Again, such variations within a
common market are too large to be caused by differences in national distribution systems and market
conditions.

Different methodologies for producing quality-adjusted computer price indexes are employed for
IT products across OECD countries. Significantly, the largest declines found by Wyckoff (1995) and by
Eurostat (1999) were recorded in countries that used hedonic price indexes for computers—the US in the
former study, France in the latter. Conventional price index methodologies for adjusting for quality
change in IT equipment generaly yielded smaller price declines, and a great amount of dispersion; in
some countries, convertional methodol ogies have even produced rising I T price indexesin the past. Both
studies concluded that the dispersion in measured I T price trends across OECD countries reflects
statistical methodologies, not true international differences in computer prices.

Real, or constant price, investment in IT is estimated by deflation. With price indexes that differ
internationally to the extent recorded in the Wyckoff and Eurostat studies, international differencesin real

investment in IT are mostly artifacts of deflation methodologies. Thus, data deficiencies make it nearly
impossible to analyze the impact of IT across the economies of OECD countries.

This paper reviews briefly the contribution of 1T to recent economic growth and productivity in
the U.S., describes hedonic price indexes, and compares them with conventional methods used by most of
the world's statistical agencies. It aso summarizes a new research effort that is intended to produce
internationally comparable deflators for IT equipment, to facilitate international comparisons of
productivity and of the impact of IT on economic growth.

I. Contribution of IT to Recent U.S. Economic Growth and Productivity. Research on the
acceleration of U.S. economic growth after 1995 is reviewed in Bosworth and Triplett (2001), on which
this section is based. Around athird of the post-1995 acceleration in growth was associated with an
increased stock of capital, most of it increased I T capital. Asthe result of substantia 1T investment in the
U.S., these products make up alarger share of the U.S. capital stock than they once did, and so they now
contribute alarger share of capital servicesthan in the past. Indeed the services of IT capital provide al



of the acceleration in the growth of capita servicesin the U.S. economy after 1995. Non-IT capital grew
but did not accelerate in the 1990s.

U.S. labor productivity (LP) increased from around 1.4 percent per year before 1995 to about 1.8
percent per year after 1995. Around a quarter to athird of the acceleration in U.S. LP came from
increased growth in capital services per worker (capital degpening), and two-thirds or more came from
more rapidly growing multifactor productivity (MFP). IT capitd is responsible for al of the acceleration
in the capital contribution to LP. Additionaly, amgjor part of the acceleration in U.S. MFP occurred in
the machinery producing manufacturing industries that contain computer and other IT industries and the
semiconductor industry. Thus, IT contributed mightily to recent U.S. economic growth, both because of
its contribution as an investment good and from the productivity spurt within the IT producing industries.

The substantial contributions of IT to recent U.S. economic growth can be estimated and analyzed
because the U.S. has awell-established (but by no means fully adequate) system of deflators for IT
equipment that allow for the very rapid technological advancesin these products. The U.S. deflator
system began with a collaboration between the Bureau of Economic Anaysis and economists at the IBM
Corporation on price indexes for computers and peripheral equipment that resulted in the first
introduction of hedonic computer price indexes into the national accounts of any country (Cole, et al.,
1986; Cartwright, 1986). Thiswork was probably the most far-reaching innovation world wide in
national accounts in the decade of the 1980s. The innovation has now been extended in the U.S. to price
indexes for semiconductors and to other I'T equipment, but by no means dl of IT. Indeed, measures of
U.S. telecommunications equipment prices are probably still in need of improvement (Jorgenson, 2001).

Because IT has been so important a contributor to recent U.S. economic growth, economists want
to determine the contribution of IT in other economies. Analyzing the contributions of IT in other
economies is far more difficult because the basic analytic statistics on IT are not aways adequate, mainly
because of inadequate IT deflators. Some other countries measure I T prices using hedonic indexes.
France, Sweden, Canada and Japan produce their own hedonic computer price indexes, and Austraiaand
Denmark use U.S. indexes, exchange rate adjusted, as investment deflators in their own national accounts.
But it is not possible to assure that measures of IT investment for all OECD countries are compatible.

A number of recent studies (Schreyer, 1999, Daveri, 2001, Oulton, 2001) employ U.S. price
indexes for IT equipment as proxies for groups of OECD countries. The great and implausible
international variations documented in Wyckoff (1995) and Eurostat (1999) have convinced scholars that
extrapolation of U.S. price indexes is better than accepting the measures that are now published for many
OECD countries. Their decision is supported by fragmentary research that exists which suggests
substantial corrolations among hedonic price indexes estimated for different countries. For example, a
preliminary study of German computer prices (Moch, 1999) suggests that German persona computer
prices are declining as rapidly as those in the United States, which is comparable to a similar finding
some time ago for France by Moreau (1996), and also to a computer price index for Taiwan (Jang, et al.,
1996).

It must clearly be the case, however, that use of country B’s priceindex in country A isinferior to
the one that accurately measures prices in country A.

Il. Hedonic Indexes and Conventional Statistical Agency Methodsfor Adjusting for Quality
Change. Why is measuring price change for IT so hard? Theissuesthat arise in measuring price indexes
for computers are sometimes viewed as a bit arcane, but the matter is of great importance for devel oping
datafor analyzing the economic impact of IT.



Generally, price index compilers count on matching the same observation (the same product from
the same sdller) from period to period as a methodology to hold constant dl of the dements of a
transaction other than the “pure price change.” Quality change is widely recognized as one of the most
difficult problemsin the construction of price indexes, because when the quality of the item in the price
index sample changes, any price difference between the new item and the old one will reflect the value of
the quality change in addition to the pure price change. The challengeisto find a “quality adjustment”
that measures the value of the quality change.

When statistical agencies do not have available hedonic quality adjustments (which are described
below), they implement a variety of procedures that together constitute the “conventional method,” often
aso called the “matched moddl” method. Broadly, these procedures may be grouped into explicit and
implicit quality adjustments.

Explicit quality adjustments include simple judgment (some portion of the difference in price
between the faster new and the slower old computersis judged to be the vaue of increased speed) and
production cost estimates obtained from manufacturers. New model computers are often cheaper than the
ones they replace, so these conventiona explicit quality adjustments do not work because they imply
negative quality adjustments, when it is clear that computer quality has improved. Subtracting “option
prices’ from the purchase priceis aso used (the addition of a sound card to the standard specification for
a computer might be vaued by the price of the card when it was only offered as an extra-cost option).

Implicit quaity adjustments arise from a number of “linking” procedures that are commonly used
when quality changes are encountered in price indexes. The exact linking method differs from country to

country and to an extent from circumstance to circumstance. Linking out of the old models and linking in
of the new amounts to dropping the changed computers from the index and calculating the price index
from only the computers that have not changed. A magjor problem with this approach is that computer
models change very rapidly; many statistical agencies have reported that the overlap of the same,
unchanged computer models might be so short that severe sample attrition is experienced, If so, the price
index constructed from only the models that do not change is not representative of the computer market.

Chapter |1 of the draft OECD handbook on IT price indexes (Triplett, 2000) presents more
information on the quality adjustment procedures used in statistical agencies, including “flow charts’ that
indicate how agencies decide which detailed procedure to employ. It aso discusses the probable biases to
price indexes from the employment of the several linking methodol ogies that are used.

An alternative way of estimating constant-quality price indexesis caled ahedonic price index.
A hedonic price index is one that makes use of ahedonic function.

A hedonic function is a regression involving the price of some product (such as computers) and
the characteristics of that product (for computers, processor speed, memory size, presence of sound cards
and other features, designated as “ X" in the following equation):

[1] NP=&+& In(speed) + & In (memory) +a, X +e
The regression is usualy, but not necessarily, logarithmic, as shown in equation [1].

Most gatistical agencies that implement hedonic price indexes for computers use equation [1] to
impute prices for new or exiting computers, or to make an explicit quality adjustment for changesin the
levels of characterigtics (faster speed, for example) in new models of computers. Thus, if a new computer
is faster than the older one, equation [1] can be used to value the increased speed of the new computer,
and make an adjustment for it, so constant-performance price comparisons can be made between the new
and old computers (yidding quality-adjusted price indexes). The hedonic quality adjustment is thus a
gatistical estimate of an explicit quality adjustment, which can be used instead of the more informal



explicit quality adjustments commonly employed (judgment, or manufacturers’ cost), or which permits an
explicit quality adjustment instead of the implicit adjustments implied by conventiona “matched model”
methods. For more information about hedonic functions and their use to construct hedonic price indexes,
see the draft hedonic handbook prepared for the OECD (Triplett, 2000). A survey of hedonic research on
computers and peripheral equipment is Triplett (1989).

The price index literature contains a good deal of speculation about whether hedonic indexes
should or should not give the same result as matched model indexes with conventional quality
adjustments. Although part of this speculation is motivated by the need to think through the conditions
under which one might wish to change from conventional quality adjustments to hedonic adjustments, in
ared sense whether the two methods give similar resultsis an empirical question that is best answered by
research studies, and not by theory or speculation. Most existing studies have shown that hedonic indexes
for IT equipment decline more rapidly, and in some cases much more rapidly, than matched model
indexes using conventional linking methods to deal with changed computers—though to be sure the
number of relevant studiesis small.

A question yielding more insight is to ask under what conditions do the two methodologies differ.
The answer to this question provides information that is relevant to determining whether the advantages
gained from estimating hedonic indexes are worth their sometimes substantial cost.

Growing interest in hedonic indexes is apparent in many countries. One recent example of this
interest is the vauable “ Symposium on Hedonic Methods in Price Statistics,” sponsored by the German
statistical agency, the Statistisches Bundesamt, and the German Central Bank, the Deutsche Bundesbank.

Information on the agenda for this Symposium and its papers may be obtained from:
marco.schwickerath@statistik-bund.de.

I11. Reseach on Internationally Comparable Hedonic Price Indexesfor IT Equipment. The
cost of hedonic indexesis agreat barrier to their more widespread adoption for IT deflators. They require
collecting a great amount of data on prices and characteristics of computers, a substantial amount of
econometric modeling to estimate hedonic functions (of atype of activity that is not commonly carried
out in price compiling agencies), and some broad experience in interpreting regression coefficients and
applying the regression results to price changes collected for the index.

A research project isjust getting underway to explore cost-effective solutions to the substantial
problems that arise in computing quaity-adjusted price indexes for IT products. This project involves an
international collaboration between the OECD, the European Hedonic Center at Eurostat, Statistics
Canada and the Australian Bureau of Statistics, and it will therefore cover countries in a number of quite
different markets, including at the present writing, Europe, North Americaand Austraia.

The project has severd parts. Firg, it will explore whether computer hedonic functions are
similar internationaly. If afunction like equation [1] prevails across a group of countries, then it might
be possible to estimate and maintain the computer hedonic function in some central location (such asthe
European Hedonic Center), and make the results available to individua countries to use in making quaity
adjustments in their own computer price indexes. Second, an important by-product of the project isthe
capability for estimating PPP (purchasing power parities) for computer purchases in different countries,
which could suggest methodological improvements to international comparisons projects. Third, it will
determine whether there is evidence that comparable internationa price indexes for computersand I T
have dispersions as great as exist currently in the national accounts of various countries, or whether
international price movementsin IT are as Similar as existing research seems to suggest. Finally, it will
compare hedonic and conventional matched mode indexes for computers, to determine why and under



what conditions they give different results; this information will therefore permit an assessment of the
gains from the more expensive hedonic price indexes for IT products.

Aninitial report on this research project, with very preliminary results for two countries, is Moch
and Triplett (2001).
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