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Effects of Quality Changes on the Price Index:
A Hedonic Approach to the Estimation of a Quality
Adjusted Price Index for Personal Computers in Japan

SHIGENORI SHIRATSUKA

This paper studies the effects of quality changes on Japan’s CPI by estimating a
quality adjusted price index (hedonic price index) for discounted personal computers
during 1990-94. According to the result, quality adjusted prices for personal computers
in Japan have declined at an annual rate of 20-25% since 1990, reducing consumer
durable CPI by 0.2% points per annum and overall CPI by 0.01% points. As consum-
er durables are apt to be affected by constant quality improvements, this result suggests
that the conventional price index for consumer durables is likely to have substantially
underestimated real declines in prices.
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I. Introduction

This paper studies the effects of quality changes on the price index, or the extent of
their inflation bias, by estimating a quality adjusted price index for personal computers.
It first presents the theory and methodology of the so-called “hedonic approach,” and
then applies this to the estimation of a quality adjusted price index for discounted
personal computers during 1990-94.

Measurement errors and inflation bias in conventional price indexes are becoming
important topics of discussion in Japan. For example, some argue that CPI (Consumer
Price Index) has failed to capture the deflationary effects of what the Japanese press has
termed “price destruction” which refers to the phenomenon of substantial price declines
due to the emergence of many discount stores and roadside retailers, as well as the
appearance of low-priced special brand items sold at supermarkets. They point to the
observation that CPI (excluding fresh food) has risen amidst widespread “price destruc-

* This article is a translation of the author’s original written in Japanese and appearing in the December
1994 issue of Kin’yu Kenkyu, published by the Institute for Monetary and Economic Studies, the Bank of
Japan. The author would like to thank Professors Makoto Ohta (University of Tsukuba), and Naoto Kunitomo
(University of Tokyo) for their helpful comments. Any opinions expressed are those of the author and not those
of the Bank of Japan.
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tion.” In response, the Ministry of International Trade and Industry (MITI) and the
Economic Planning Agency (EPA) have published the findings of their own research on
major CPI items concerning price differences among department stores, supermarkets,
specialty shops, and discount stores. Seiyu, a major supermarket chain, has also pub-
lished its own consumer price index, the “Seiyu Price Index” based on its merchandise
goods.

The possible causes of measurement errors in the price index are “sampling errors,”
“quality adjustments,” “fixed weights” as well as the treatment of “imputations” and
“indirect taxes.” At this point, I will focus on the issues of “sampling errors” and “quality
adjustments” in the presence of so-called “price destruction” leaving the other issues of
measurement errors as topics for future research.

The “sampling errors” refer to a failure to include new discount stores and low-
priced special brand products in the sample for the price index. The problem is how to
select a representative basket of goods that would reflect a general price movement in a
changing market environment. The problem of “quality adjustments” refers to the
difficulty in judging whether the goods sold at discount stores and those sold at depart-
ment stores are of the same quality, as well as whether the clothes sold this season and the
clothes sold last season are of the same quality. The problem is how to incorporate
quality differences between old and new products in the price index.

Of these two problems, recent discussions about the accuracy of the price index have
focused more on the problem of “sampling errors” rather than on the problem of “quality
adjustments.” However, the problem of “quality adjustments” is becoming a major
source of inflation bias in the markets characterized by rapid technological change.
Furthermore, the problem of “quality adjustments” also arises when we attempt to
correct a “sampling error” by incorporating a new product sold at discount stores:
correcting a “sampling error” gives rise to a need to take into account quality differences
between the goods sold at new discount stores and those sold at conventional stores
included in the sample. In short, we cannot avoid the problem of “quality adjustments”
whenever we change items in the sample basket to capture a changing market environ-
ment. Such “specification changes” replacement of individual prices surveyed, are
becoming increasingly important for constructing a more accurate price index.’

It is important for the accuracy of a price index to continuously make appropriate
quality and sampling adjustments so that it can capture structural changes like the
phenomenon of “price destruction” and technological innovation. In practice, however,
those products whose quality changes are difficult to measure are often excluded from
price index baskets. In fact, personal computers, which are known for their rapid quality
changes, are not included in the basket for current CPI, which takes 1990 as its base year.

'Bank of Japan Price Index Study Group (1992) discusses the methodology of constructing a price index,
which includes these “specification changes.”
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This is because the market for personal computers is characterized by a rapidly changing
environment such as continuous technological innovation and intense foreign competi-
tion, particularly with the recent entry of DOS/V personal computers. Such a changing
market environment makes it very difficult to construct and update a quality adjusted
price index within the framework of the conventional price index methodology.

This paper adopts the “hedonic approach” to construct the price index and attempts
to overcome the problem of “quality adjustments.” The “hedonic approach” was first
introduced by Court (1939) who applied it to constructing a price index for the U.S. car
market. Court named his new price index “hedonic” because he wanted to capture in his
index the various characteristics of the car that provide the consumer with pleasure and
comfort.

The “hedonic approach” is based on the assumption that the quality of a product is
determined by its objective characteristics and therefore the quality of a product can be
measured as an aggregation of those objective characteristics. There are some shortcom-
ings in this approach. First, application is limited to products for which information about
their objective characteristics is readily available. Second, the cost of constructing such
an index may be substantial. Nevertheless, its greatest advantage is that a quality ad-
justed price index can be constructed based on objective characteristics of a product
without relying on subjective judgment about its quality. Moreover, once a hedonic
function is estimated, all that we need for making quality adjustments later on is informa-
tion about price and characteristics of the product. This is the greatest advantage of a
“hedonic price index” for products like personal computers which have a short product
cycle and experience frequent quality improvements.

The rest of the paper is organized as follows: Section I presents the basic framework
of the “hedonic approach” for constructing a quality adjusted price index, and introduces
the results of several empirical researches conducted in Japan and the United States.
Section III estimates a “hedonic function” for personal computers, using advertised
prices of personal computers at discount stores in Japan. Furthermore, it calculates a
quality adjusted “hedonic price index” for personal computers since 1990, and estimates
the effects of incorporating the hedonic price index in CPI. According to this result,
quality adjusted prices for personal computers in the Japanese discount market have
declined at an annual rate of 20-25% since 1990, reducing consumer durable price index
by 0.2% points per annum and overall CPI by 0.01% points. As consumer durables are
apt to be affected by constant quality changes, the fact that the index declined 0.2% every
year with the incorporation of the quality adjusted computer price index suggests that the
conventional consumer durable price index is likely to have substantially underestimated
real declines in the prices of consumer durables.
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II. Theoretical Framework of the Hedonic Approach

A price index should be generally understood as a quality adjusted price index that
measures a price change in a basket of goods over time while keeping their qualities
constant at the level of the base year. A question arises as to how to define the quality
that must be kept constant. It becomes a serious problem for goods like a personal
computer, which experienced rapid technological innovation, to find an appropriate
method to measure price change while keeping quality constant. This section briefly
discusses the methodology of the “hedonic approach” for constructing a quality adjusted
price index and the consumer theory called the “Lancaster model” which provides a
theoretical foundation for the “hedonic approach.” Finally, it provides a brief survey of
empirical applications of the “hedonic approach.”

A. Hedonic Approach to Quality Estimation

The hedonic approach assumes that the price of a good exchanged in markets
depends on the characteristics of that good. This approach is theoretically based on the
so-called “hedonic hypothesis” which regards the quality of a good as an aggregation of
those characteristics.

Consider the meaning of quality that is determined by characteristics. According to
Ohta (1980), the quality of a good has two meanings: first, the objective level of each
characteristic that provides utility to consumers and, second, the overall evaluation of
such characteristics. In the case of a personal computer, the former quality can be
expressed as a combination of physical characteristics such as processing speed, main
memory size, auxiliary storage capacity that can be found in a computer catalog. There-
fore, computers that have the same physical characteristics are considered to be of the
same quality. However, to deal with the problem of changing quality in the price index, it
becomes necessary to measure quality in the sense of the overall evaluation of objective
characteristics of a good. That is, in the case of a personal computer, it becomes
necessary to aggregate various characteristics of a computer in a single index so that we
can measure a quality difference between two computers. The “hedonic approach”
makes it possible to express the common characteristics by a monetary value because a
price of a good is assumed to depend on the overall level of performance characteristics.”

A new consumer theory known as the “Lancaster model” provides a theoretical

foundation for the “hedonic approach.”? Figure 1 shows the main difference between the

2Mathematically the hedonic approach can be written as follows: let C’ be an n-dimensional vector of
characteristics of good i, and p’ the price of good i. Then the hedonic approach states that the price of a good is a
function of those characteristics, that is, p'=h(C’).

3From rational consumer behavior of the Lancaster model, we can derive a hedonic function p'=h (C’) which
relates the price to the characteristics of a good. See Appendix A. See also Lancaster (1991) and Ohta (1980)
for a general discussion about the Lancaster model.
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Figure 1
Consumer Equilibrium
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Lancaster model and the conventional microeconomic model of consumer behavior. The
conventional microeconomic model treats two goods as different goods if they have
slightly different qualities; in other words, the same goods have an identical quality. In
Figure 1-A, substitutable goods 1 and 2 are considered as two different goods, and
consumer preferences are defined on a vector of the quantities of good 1 and good 2.
Point E*, at which the budget line and an indifference curve are tangent to each other,
becomes consumer equilibrium. The assumption that the number of goods and their
qualities are given may be reasonable as a first approximation to the reality. But, it
becomes problematic when applied to the modern economy in which quality changes and
product differentiation are important economic phenomena.

In contrast, to deal with the issue of quality changes and product differentiation, the
Lancaster model assumes that consumer preferences are defined on a vector of character-
istics of goods enjoyed by the consumption of those goods, rather than the amounts of
goods consumed themselves. Figure 1-B shows that goods 1 and 2 are decomposed into
characteristics 1 and 2, and the goods are defined as a combination of those two charac-
teristics. In this example, it is assumed for brevity that there are only two goods in the
economy. Therefore, the length of a vector of a good becomes equivalent to consumer
income divided by the price of that good. The consumer budget set becomes a triangle
spanned by the vectors of those two goods. Consumer preferences are defined on a vector
of characteristics and consumer equilibrium is obtained at point E* where the budget set
and indifference curve are tangent to each other. Thus, the Lancaster model makes it
possible to deal with the phenomenon of product diversification and the differentiation of
substitutable goods as well as the emergence of new products.

Figure 2 applies this approach to the recent expanded sale of DOS/V personal
computers in Japan. For simplicity, it is assumed that the characteristics of the computer
consist of the number of applications and ease of use. It is also assumed that the prices of
computers are all identical. The economy is assumed to consist of two types of consum-
ers: type A consumers place more value on the number of software applications and
therefore have indifference curves with mild slopes; type B consumers place more value
on ease of use and therefore have indifference curves with steep slopes.

Now suppose that type A and type B consumers plan to purchase a personal
computer. Their problem is to choose only one computer out of several existing compu-
ters in the economy. In other words, it is assumed that goods are indivisible. This
assumption is different from that in Figure 1-B where goods are assumed to be infinitely
divisible.* The Japanese personal computer market, before the appearance of DOS/V
computers, was characterized by the existence of two major types of computers: NEC-
type computers which have many software applications but are inferior in terms of ease of

4As a result, the budget set consists of the end points of product vectors (X, Y, and Z in Figure 2) instead of a
triangle in Figure 1-B.
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Figure 2
Application of the Lancaster Model
(Analysis of Market Expansion of DOS/V Computers)
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use (vector OX), and Apple-type computers which have fewer software applications but
an advanced ease-of-use capability (vector OY). Here, consumers choose a computer
that gives them the greatest utility, comparing X and Y. Therefore, a consumer who
values the number of software applications (type A) will choose an NEC computer or
point X (U% > U%), while a consumer who values ease of use (type B) will choose an
Apple computer or point Y (U% < U%). When DOS/V computers which have a relatively
large number of software applications and high ease-of-use have appeared in the market,
both type A and B consumers have shifted to a DOS/V computer or point Z, which gives
a higher utility than points X and Y (U4 > U4, U% > U%). As a result, the demand for
personal computers has shifted from NEC and Apple computers to DOS/V computers,
forcing the former two to produce new products with an improved performance/price
ratio.

B. Previous Empirical Research

Empirical research has taken the form of estimating a regression equation with
observed prices as a dependent variable and quality characteristics as independent
explanatory variables with a constant and an error term.> Many empirical studies on

°See Appendix A for a general discussion of the theoretical foundation of the hedonic approach. As a
hedonic function represents the supply-demand equilibrium of product characteristics in the market, there is no
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personal computers conducted in the United States have used log-transformed variables
as follows:

n T
Inp,=a+ 21 Biln x;, + kEI O digey + 1y
P <

where x;;, di,, and u; represent a j-th characteristic of the i-th good at period ¢, a
k-period dummy variable, and an error term, respectively.

The first empirical application of the hedonic approach was taken by Court (1939)
who studied the U.S. automobile market. Since then, along with new theoretical de-
velopments, many applications have been effected not only for automobiles, but also for
consumer durable goods like refrigerators and for capital goods like boilers.® The recent
applications of the hedonic approach in the United States are for mainframe and personal
computers,’ as well as for apparel products which are then incorporated in CPL.% In
addition, an increasing number of applications extending to service prices have been
conducted in Japan.’ These recent studies are summarized in the Supplementary Table
attached at the end of this paper. Since the 1990-base year revision of wholesale price
indexes in 1992, further studies have been conducted in applying the hedonic approach to
price indexes for personal computers, mainframe computers, and magnetic disk equip-
ments in the Bank of Japan.'”

III. Empirical Application of the Hedonic Approach to the Personal Computer
Market in Japan

This section applies the hedonic approach to the estimation of a hedonic function for
the personal computer market in Japan, and then constructs a quality-adjusted price
index for personal computers. Next, it studies the extent to which incorporating this
quality-adjusted index will affect overall CPI.

A. Data
This paper uses the discount market prices and functional characteristics of personal
computers obtained from the following data sources: computer prices are obtained from

particular functional form that is correct a priori. It is appropriate therefore to choose a functional form that is
most convenient in practice. See Appendix B for further discussion on this point.

5See Ohta (1980) and Berndt (1991) for a comprehensive survey of the theoretical and empirical studies
concerning the hedonic approach.

"For a general survey, see Jorgenson and Landau (1989), Foss, Manser, and Young (1993).

8See Liegey (1993).

°See Sawa et al. (1989), Ito and Hirono (1993), and Suzuki and Ohta (1994).

19These studies have adopted a different method from that adopted in Section I11: this paper calculates a price
index directly from an estimated hedonic function while they used previously estimated shadow prices of
characteristics for quality adjustments when sample items for the wholesale price index are changed. Moreover,
they used “list prices” available directly from producers, also different from this paper’s method.
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the monthly computer magazine “ASCII” (June issues from 1990 to 1994) which contains
advertised prices of computers sold in the Tokyo area.'! The functional characteristics of
computers are obtained mainly from “Nikkei Data Pro EDP” and some are obtained
directly from producers.

“ASCII” has a long publication history and contains a large number of computer
advertisements. This makes “ASCII” a superior source of historical price data among
many personal computer magazines. “Nikkei Datapro EDP” contains many evaluations
of performance characteristics of computers as well as detailed description of their
functions.

Some caution, however, is in order. First, the price data from “ASCII” represents
the asking prices for computers by discount stores and therefore are not necessarily the
same as the prices at which actual transactions are made. Moreover, there are cases in
which the prices of some models are advertised as special “telephone prices” which are
not made public.'? Therefore there may remain some questions as to whether or not the
prices listed in “ASCII” are indeed representative market prices and free from any
bias."?

Second, because prices and functional characteristics are obtained from two diffe-
rent data sources, actual consumers are not necessarily making their purchasing decisions
based on the same information about functional characteristics as the one used in this
study. This point however may be understood as follows: the present empirical tests are a
joint test of the validity of the hedonic approach and the validity of informational
efficiency in the personal computer market. In other words, if the explanatory power of
the hedonic approach is high, it implies that consumers are making their purchasing
decisions based not only on information in magazine advertisements but also on addition-
al information they have obtained from computer catalogs, computer experts, and
magazine articles which provide objective performance evaluations.

The above potential problems originate from the use of the advertisements in
magazines as our price data sources, and they need to be taken into account in evaluating

The computer prices used in this paper are “set prices” which include monitors. This is because
advertisements are often for a computer set, and also because notebook and even some desktop models include
a monitor as part of the computer body. Accordingly, a monitor price is added to the computer price when an
advertised price excludes a monitor to make it comparable. Although the back issues of “ASCII” before 1990
contain price data before 1990, most of the advertisements in those issues are for NEC computers and the
number of advertisements declines sharply. Accordingly, the data set contains price data back to base year
1990.

2Even if the “telephone prices” were obtainable, they should be excluded from the data set because they are
used as “attractions” or a means of bringing more customers to the store, and therefore are likely to be biased
downward.

3Nevertheless, these problems with the “ASCII” data are unlikely to be serious because the data set includes
many discount stores in the Tokyo area such as “Sofmap” and “Step,” and also because the empirical results of
this paper appear to be very reasonable.
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the empirical results obtained from those data.'*

B. Specification of Functional Characteristics

In the estimation of a hedonic function, it is important to use explanatory variables
as those characteristics of a product that have high power in explaining product price.
Generally, those characteristics depend on technical factors pertaining to the product. In
theory, the characteristics that enter into a hedonic function should be “performance
variables” directly related to the performance of the product (speed, comfort, handling,
etc. in the case of a car); but, in practice, the characteristics that are readily available are
“physical variables” (horse power, displacement, weight). On this point, Ohta (1980) has
statistically verified that “physical variables” worked well as good substitutes for “per-
formance variables” in the case of a car. It is reasonable to believe that the same
conclusion will hold in the case of a personal computer, which is the subject of the present
empirical research.

Therefore, among the functional characteristics that have been used in past research
conducted abroad, and are mentioned in computer magazine articles, the variables listed
in Table 1 are chosen as explanatory variables in the hedonic function in this paper.

Table 2 shows the basic statistical data for the above functional characteristics as well
as computer prices. The movement of annual average figures in the table clearly reflects
the rapidly changing market environment that has been caused by such events as the
participation of foreign producers with DOS/V personal computers and technological
innovation that have improved the performance/price ratio. Continuous improvements in
the main characteristics of personal computers such as clock frequency, memory, hard
disk capacity, expansion slots, and display density, have occurred in recent years, and the
speed of such improvements has accelerated particularly since 1993. Moreover, the share
of high performance computers has risen as indicated by increases in the value of
functional dummy variables (for example, the CPU type has shifted from 8 and 16 bits to
32 bits). While performance has improved, the average price has declined at an annual
rate of 3%. As a result, the performance/price ratio has improved substantially. It is also
noteworthy that the share of foreign producers of DOS/V computers has risen sharply
while that of NEC, which dominated the Japanese market before 1992, has fallen.

C. Estimation Results of a Hedonic Function

The estimation of a hedonic function has been conducted for three different sample
data: the full sample regression using all the sample data in 1990-94, the 2-year sample
regression using 2-year sample data, and the 1-year sample regression using 1-year

*The same potential problems were pointed out by Ito and Hirono (1993) who analyzed residential prices
and rents using the data from advertisement in housing magazines.
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Table 1
Functional Characteristics as Explanatory
Variables in Hedonic Function

Variables Units Characteristics
Clock Frequency MHz processing speed of the CPU
Memory MB standard memory size
Hard Disk MB standard hard disk capacity
Number of Expansion Slots unit the number of channels for expansion slots
Screen Density square of maximum monitor screen density

Type Dummy

Monitor Dummy

CPU Type Dummy

FD Drive Dummy

CD-ROM Dummy

Sound Function Dummy
Windows Preinstalled Dummy
Large Display Dummy
Company Dummy

thousand dots

differentiation between desktop, laptop, and
notebook

monochrome CRT, color CRT, plasma
LCD, monochrome LCD, STN color LCD,
TFT color LCD

8 bits, 16 bits, 32 bits (Pentium and others),
power PC (RISC chip)

1 with more than 2 FD drive, and 0 with 1
FD drive or less

1 with CD-ROM, and 0 for without

1 with a sound board, and 0 without

1 with preinstalled Windows, and 0 without
1 with 17 inch or larger display, and without

a company dummy with NEC as a standard
base
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Table 2
Basic Statistics for Characteristics of Personal Computers
Annual Average All Sample
Average Rate
1990 1991 1992 1993 1994  Average  of Change
. Price (thousand yen) 37750 491450 407160 343060 3370 30260 31
" Clock Frequency (MHz) 14125 1819418706 29430 43.857  27.341 32743
Memory (MB) 1.230 1.927 2.879 4.847 6.265 3918 50.225
Hard Disk (MB) 20357  30.867  56.762 118.650  230.670  109.090 83.472
Expansion Slot 2.036 2.112 2.365 2.303 2.599 2.334 6.293
_ Screen Density (thousand dots?)  275.650 342150  382.570  455.870 551460 427.010 18929
‘ Desktop 06430551 o6l 0.669 0673 0.634
Laptop 0.286 0.184 0.008 0.000 0.000 0.062
.............. Notebook 0070 0265 0381 0331 0327 0304
" Monochrome CRT 0054 oos1 T ooza o000 000 oot
Color CRT 0.589 0.500 0.587 0.669 0.673 0.615
Plasma LCD 0.036 0.020 0.008 0.000 0.000 0.009
Monochrome LCD 0.304 0.388 0.333 0.239 0.170 0.274
STN Color LCD 0.018 0.020 0.000 0.014 0.054 0.023
.....TFT Color LCD 0000 0020 0048 0077 | 0102 0060
............ e G 600 P
16 bits 0.446 0.276 0.079 0.000 0.000 0.109
32 bits 0.446 0.724 0.921 1.000 0.952 0.868
Pentium 0.000 0.000 0.000 0.000 0.048 0.012
......... Power PC 0000 0000 0000 0000 005 00l
""""" FD Drives (more than2) 0786 0561 042103450313 0434
CD-ROM 0.000 0.000 0.008 0.092 0.231 0.084
Sound Function 0.000 0.000 0.000 0.000 0.082 0.021
Windows Preinstalled 0.000 0.000 0.008 0.056 0.483 0.141
Large Display 0.000 0.122 0.008 0.049 0.034 0.044
... Number of Samples % 8 12 w2175 1000
....... R R P & T
Epson 17 17 23 19 17 93 16.3
Toshiba 5 11 13 9 15 53 9.3
Fujitsu 0 6 5 3 7 21 3.7
Apple 3 12 25 26 15 81 14.2
IBM 0 0 8 15 6 29 51
IBM Compatible 0 0 0 26 34 60 10.5
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sample data.'> The reason for conducting three estimations for different sample data is to
check the stability of estimated parameters, which represent the shadow prices of func-
tional characteristics of the personal computer. Those parameters might have been
affected by rapid technological innovation during the sample period.

Table 3 summarizes the estimation results of the hedonic functions, which indicate
high reliability for each sample period. The coefficient of determination exhibits a high
value for three different sample data. The signs of estimated five parameters for clock
frequency, memory, hard disk capacity, expansion slots, and display density are all
positive and generally statistically significant. Dummy variables also exhibit expected
signs. The estimated parameters show time-series movements reflecting technological
innovation; in particular, the parameter for hard disk capacity has declined sharply since
1992-93, and that for display density declined sharply in 1994. These movements are
consistent with the recent declines in hard disk and graphic board prices."'® In contrast,
the parameters for memory and expansion slots exhibit relatively stable movements
without any apparent trends.

The estimated parameters for company dummies represent price differentials which
reflect company differences in technological strength, quality of services, availability of
software programs, etc., which are omitted from the specified functional characteristics
(“omitted characteristics ”).!” For example, the decline in the parameter for the Apple
Computer Company dummy in 1993-94 reflects the fact that it has lost some of its non-
price competitive edge because of the debut of Windows in 1993, even though Apple had
a strong non-price competitive edge before 1992-93, reflecting the advanced ease-of-use
capacity of Macintosh OS. The estimated parameters for Compaq and Dell, which
started to enter the Japanese market with their DOS/V computers in 1993, are some-
where between -0.2 and -0.4, which means that their DOS/V computers are 20-40%
cheaper than NEC computers with the same functional characteristics. Thus, NEC
computers are still sold at higher prices. This may partly reflect some “omitted character-
istics”, like the availability of a large number of software programs, which give rise to
price differentials.

From 1990 to 92, before the introduction of DOS/V computers, the fit of the hedonic
function is very good for both regressions with the 1-year and 2-year sample with a
coefficient of determination at 0.9 or higher. Since 1993, however, the coefficient of
determination has fallen, particularly for the regression with the 2-year sample. This
implies that the Japanese computer market has been experiencing rapid and often
discontinuous structural changes since the entry of foreign competitors with DOS/V

15The estimation used LIMDEP version 6.0. The standard deviations are adjusted for the effects of
heteroscedasticity in accordance with White (1980).

15The graphic board transforms computer signals to video signals which a monitor can read. It significantly
affects the quality and speed of display picture and color.

7See Ohta (1980) for discussion on the effects of “omitted characteristics.”
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computers. 18

Finally, let us check the stability of estimated parameters using a statistical method.
The F test rejects the null hypothesis that the estimated parameters are the same through
the 5-year sample period: the F statistic turns out to be 8.642 which compares to the
critical value of 1.302 at the 5% significance level. The stability of estimated parameters
is thus rejected. This, however, may be partly due to a sampling problem in addition to
the effects of technological innovation. That is, the data set contains only 16 continuous
computer models, which has continuously existed more than 2-year sample period, and
the type (desktop, laptop, notebook) and maker have changed substantially over time. In
fact, the estimated parameters for the 1-year regression show substantial variations
around a gradual downward trend, while those for the 2-year regression show less
variations. The latter is less likely to be affected by sample bias.

D. Calculation of a Hedonic Price Index

Table 4 shows the calculated hedonic price indexes (1990=100) using the estimation
results of the hedonic function for personal computers (see Appendix C for calculation
method). The hedonic price indexes are calculated for the results of three different
sample period estimations: the full sample period, the 2-year sample period, and the 1-
year sample period, all of which exhibit a downward trend. The price index for 1994 is
calculated at 39.6 for the full sample period, 32.6 for the 2-year sample period, and 37.4
for the 1-year sample period, which implies an average annual decline of 20-25%. In

Table 4
Movements in Hedonic Price Indexes for Personal Computers

Rate of Change

1990 1991 1992 1993 1994  Annual Cumulative
Average Price 100.0 133.6 110.7 93.3 88.0
(Rate of Change, %) 33.6 -171 =157 5.7 -3.1 -12.0
Full Sample Estimation 100.0 82.8 69.4 51.2 39.6
(Rate of Change, %) ~17.2 —16.2 —26.2 —22.7 -20.7 —60.4
2-Year Sample Estimation  100.0 81.0 67.1 45.7 32.6
(Rate of Change, %) ~19.0 -17.1 -31.9 -—288 —24.5 —67.4
1-Year Sample Estimatiion ~ 100.0 79.3 61.6 40.8 374
(Rate of Change, %) ~20.7 —-223 —338 —83 —21.8 —62.6

18See Oniki (1994) for an analysis of price movements in the Japanese personal computer market.
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contrast, the average prices without quality adjustments rose in 1991 and then fell with
the overall average annual decline of 3% during the same period.

These results suggest the risk of misjudging true price movements if we look only at a
price index that does not incorporate quality adjustments. This risk would be greater for
goods with rapid quality improvements like personal computers.

The sharp decline in the hedonic price index in 1992-93 coincides with the entry of
Compagq and Dell into the Japanese market with their DOS/V personal computers and
NEC responding by changing its pricing strategy. This development is consistent with
another estimation result where the parameters of company dummies of these DOS/V
computers have statistically significant minus signs.

Next, we consider which is the best price index for personal computers among the
three indexes based on the full, 2-year, or 1-year sample period estimation. First, as we
have seen, the full period estimation apparently suffers from the problem of structural
shifts in estimated parameters due to rapid technological innovation. Second, the 1-year
period estimation also suffers from the problem of sample data bias: the composition of
sample data has changed substantially year to year, and the parameters are evaluated by
the average values of characteristics at the base year of 1990 for caliculation of hedonic
price index. On the other hand, the 2-year period estimation seems to suffer less from
shifts in parameters and sample data bias. Therefore, the 2-year period estimation results
will be used in the following as the quality adjusted price index for personal computers.

Figure 3 plots the movements of the CPI (Tokyo) for overall goods, consumer
durables, and word processors, in addition to the three hedonic price indexes for personal
computers. Comparing difference in price movements of these indexes, we can confirm
particularly sharp price drops for personal computers. Next, let us examine the effect of
the quality adjusted computer price index on CPI. At present, personal computers are
not included in the basket for 1990-base CPI and therefore recent sharp drops in compu-
ter prices are not reflected in current CPI. The effects of incorporating the estimated
hedonic price indexes for personal computers into the CPI are summarized in Table 5.

Table 5 assumes that half of the weight for word processors is replaced by the weight for personal
computers. In the present CPI system, personal computers are not treated as an independent jtem but “word
processors” are. The CPI weights are based on the Kakei Chosa (Family Income and Expenditure Survey),
which reports total expenditures on word processors and personal computers without distinguishing between
them. Thus, in accordance with the general treatment of CPI weight calculation, the weight for “word
processors” (0.17% in Tokyo) is divided equally between word processors and personal computers in the
present calculation.

The assumption of equal weights for word processors and personal computers is also consistent with the
following observation. First, as listed in ASCII magazine, the average price for personal computers in 1990 was
about 368,000 yen (Table 2) while the average price for word processors, calculated from the advertised prices
in the “ASCII”, was 124,000 yen. Second, as reported in the Economic Planning Agency’s Shohi Doko Chosa
(Current Consumer Survey), 2% of households bought a personal computer and 6% a word processor in 1990.
It thus follows that total expenditures on word processors and personal computers were approximately equal.
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Figure 3
Movements in Hedonic Price Indexes for Personal Computers
(1990=100)
110
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Note: Personal computers 1, 2, and 3 represent the estimated hedonic price index for full, 2-year, and 1-
year sample data, respectively.

Table 5
Effects of Inclusion of Hedonic Price Indexes

Rate of Change
1991 1992 1993 1994  Annual Cumulative

Overall CPI (Tokyo)

Full Sample —0.016 —0.005 —0.013 —0.008 —0.011 —0.042
2-Year Sample —=0.017 —0.006 -—0.016 -—0.010 —0.012 —0.048
1-Year Sample —0.019 —0.009 —0.017 —0.002 —0.011 —0.044

Durable Goods CPI (Tokyo)

Full Sample —0.311 —0.099 —0.261 —0.163 -—0.208 —0.830
2-Year Sample —0.341 —-0.113 —0.327 —0.215 —0.237 —0.946
1-Year Sample —0.369 —0.184 —0.348 —0.039 —0.217 —0.866

Note: Estimated on the assumption that half of the weight for word processors (17/10,000) in CPI
is replaced by personal computers.
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According to the table, incorporating the prices of personal computers has the effect of
reducing the durable goods CPI by 0.2% points per annum and overall CPI by 0.01%
points. ‘

As the durable goods CPI is most likely to be affected by technological innovation,
the fact that it has fallen by 0.2% points per annum with incorporation of the personal
computer price index implies that the durable goods CPI may have seriously underesti-
mated actual price declines. Since micro-electronic products like personal computers are
greatly affected by technological progress and have a shorter product cycle than other
durable goods, the problem of quality adjustment seems more serious for them. This
means that it is difficult to maintain the continuity of product specifications in the price
index basket. Therefore, introduction of new products in this area to the price index
basket tends to be delayed. In fact, word processors were not included in CPI until the
1990-base and, moreover, personal computers are still not included.

Finally, to check the validity of the hedonic price index, Figure 4 plots the total sale
values and relative prices of personal computers and word processors, which are con-

Figure 4
Sales and Relative Prices for Personal Computers and Word Processors

(¥billion) (1990=100)
50 110
Personal Computer Sales (left scale)
i 1100
40 Word Processor Sales (left scale)
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30 §\ 80
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Relative Price | 60
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0 1 L 30
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Sources: Consumer Prices Index, Management and Coordination Agency; Sales of
Electric Products, Nippon Electoric Bigstores Association.

/
/

Note: The relative price is the radio of the estimated hedonic price index (2 -year
sample estimation ) for personal Computers to CPI (Tokyo) for word pro-
Cessors.
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sidered to be close substitutes.”’ According to the figure, sales of word processors have
remained stagnant while those of personal computers have risen, and, at the same time,
the relative price of personal computers has declined substantially. This suggests that
consumers have been substituting personal computers for word processors in response to
the recent declines in the relative price of computers.

IV. Conclusion

This paper has focused on quality adjustments (one of the main issues in the
measurement problems with respect to price indexes), applying the hedonic approach to
the Japanese discount market for personal computers, and calculating a quality adjusted
hedonic price index for personal computers. The hedonic index indicates that the price of
personal computers in the discount market has declined at the average annual rate of 20-
25% since 1990, which would have reduced durable goods CPI by 0.2% points per annum
and overall CPI by 0.01% points. From a practical viewpoint, the hedonic approach has
proven to be a very effective method vis-a-vis quality adjustment for constructing a
reliable price index.

Despite the efforts of many statistical institutions in constructing accurate statistics,
measurement errors are unavoidable to some extent. Thus, the most important point is to
ascertain whether they are small enough to be safely ignored in practice or serious
enough to mislead users. The debate about the accuracy of CPI should therefore be
aimed at investigating the sources of measurement errors and the extent to which they
affect accuracy. Unfortunately, research on price index measurement errors has been
limited in Japan, and further research in the area is necessary.

Appendix A: Theoretical Foundation of the Hedonic Approach

This appendix gives the theoretical foundation of the hedonic approach, which is
based on the “new consumer theory”, called the “Lancaster model”. In particular,
adopting the arguments of Rosen (1974), it shows how a hedonic function can be derived
as an equilibrium price function, matching demand for and supply of differentiated
products, in a hypothetical market for the characteristics of differentiated products.

Let a vector of characteristics z = (z,, 2, ..., z,) represent a differentiated good
defined by those characteristics. From an observed price for good, one can derive a
hedonic function p (z) = p(zy, 22, ---, 2, ), Which relates the price to those characteristics.
It is assumed that there is a sufficiently large number of goods so that one can choose any
good as a continuous combination of those characteristics.

2°In calculating relative prices, the hedonic price index based on the 2-year sample period estimation was used
for computer prices and CPI for the word processor prices.
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Consider the following consumer’s utility maximization problem: let z stand for a
vector of characteristics to be consumed, and x for a numeraire good. Then the utility
function can be written as U (z, x). The budget constraint for a consumer with income y
can be written as y = p (z) + x. Now the consumer is assumed to be a price taker and
solve the following maximization problem:

mzax U(z,x) (A-1)
s.t. y=p(z)+=x
The first-order condition for this problem is:
_Ulzy-p(2) (A-2)

Pr= T 2y —p(2)

where p,, U,, and U, are first-order partial derivatives.
Next, for a bid function for utility level #, 8(z; u, y), the following relationship
holds:

U(z,y—0)=u (A-3)

Differentiating equation (A-3), we obtain:
0,=U,/U.>0 (A-4a)
0,.,=(UU,, —2U,UU,. + UU.)/ U <0 (A-4b)

These equations imply that the bid function is increasing and concave.

The bid function 6(z; u, y) represents the maximum that the consumer is willing to
pay to obtain the vector of characteristics z for a given level of utility u and income y,
while the hedonic function p (z) represents the minimum amount that the consumer has
to pay for z. Therefore, the utility of the consumer is maximized at the tangent of the bid
and hedonic functions. That is,

0(z*;u*,y)=p(z*) (A-5a)
0.(z*;u*,y) =p,(z*) (A-5b)

hold. The hedonic function can be viewed as an envelope function of the bid functions.
Figure A-1 shows this situation for z.

Next, consider the profit maximization problem of the firm, which decides not only
output M but also characteristics z. Let C(M, x) represent a cost function. The firm is
assumed to be a price taker and to solve the following maximization problem:

max = p (z) M - C(M, z) (A-6)
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Figure A-1
Consumer Equilibrium
D, 0 P(Zl’ 22*’ (R zn*)
0%(z1, 25, ..., 2,55 Uy, y2)
0 (z1, 25, -y 255 U1, ¥1)
0 4
The first-order conditions are:

p:(z) = C,(M, z) (A-7a)
p(z) =Cy(M, z) (A-7b)

For an offer function ¢ (z, &), the following holds:
n=M¢p— C(M,z) (A-8)
Differentiating this equation with respect to z and 7, we obtain:
¢, =C,/M>0 (A-9a)
¢ =1/M>0 (A-9b)

They imply that the offer function is increasing.

The offer function represents the minimum price that the firm is willing to offer for a
product with characteristics of z, and the hedonic function represents the maximum price
the firm can get in the market. Therefore, in equilibrium, the following conditions are
satisfied:

p(z*) = ¢(z*,7") (A-10a)
p:(z") = ¢,(z", *) (A-10b)

Thus, the hedonic function can be viewed as an envelope function of the offer functions.
Figure A-2 shows this situation for z;.
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Figure A-2
Producer Equilibrium
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As a result, in equilibrium, buyers and sellers match perfectly, and the bid and offer
functions are tangent to each other along the envelope curve, which represents the
hedonic function. Figure A-3 shows this situation. Therefore, the hedonic function does
not reflect any information about economic agents such as consumer preferences and
production technology; instead it reflects the relationship between the observed market
price and various characteristics of the product.?’ Nevertheless, if production technolo-
gies are identical, then the offer functions become the same for all firms and the hedonic
function can identify the supply function. Similarly, if consumer preferences are identic-
al, then the bid functions become unique and the hedonic function can identify the
demand function.

Appendix B. Form of the Estimated Hedonic Function

As in many empirical studies on personal computers applying the hedonic approach
in the United States, estimation of the hedonic function in this paper has assumed an ad
hoc log-linear form. This appendix examines, from both theoretical and empirical pers-
pectives, which functional form is the most appropriate to the hedonic function for
personal computers, the Box-Cox transformation form, or such basic functional forms as
the log-linear, semilog-linear, and simple linear form. Specifically, it compares those
functional forms from the viewpoint of (i) estimation fit, (ii) theoretical consistency, (iii)
simplicity of estimation, and (iv) ease of interpretation of estimation results. As to (iii),
there is little doubt that log-linear, semilog-linear, and simple linear forms are superior
because functional transformation is easy and OLS can be applied directly. As for (iv),
the log-linear, and semilog-linear forms have some advantages in that a quality adjusted
price index can be derived directly from estimated parameters of the annual dummies.”
Therefore, in the following, (i) and (ii) above will be examined for those general
functional forms.

Let us compare the fitness of the estimation results for various functional forms.
Normally, the coefficient of determination provides the basic information about the
degree of regression fitness, but it would not be appropriate for present purposes because
the dependent variable is functionally transformed so that its variance will also be
affected by the functional transformation. Consequently, we apply the Box-Cox test to
compare regression fitness for different functional forms.?® This is conducted in two
steps: first, both the dependent and independent variables (excluding the dummy vari-

'The conclusion that the hedonic function simply reflects the relationship between the observed market price
and characteristics implies that there is no a priori theoretical restrictions on its functional form.

Z2Estimated parameters of the annual dummies in log-linear, and semilog-linear forms can be interpreted as
the log values of a quality adjusted price index. For the construction of a quality adjusted price index from the
estimated results of the hedonic function, see Appendix C.

For the Box-Cox test, see Chapter 11 of Greene (1993).
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ables) are transformed according to the following Box-Cox transformation formula,*
and then the Box-Cox parameters q and 1 are estimated by the maximum likelihood
method.?

1 n T
PP =a+ El ﬁ]xS])t') + Em By + 2 Ordipe + Ui (A-11)
where
)

Pyl 00
PO =

ln pit 6 = O

-1

In Xijt A=0

Here the characteristic variables x;;, from /+1 to n are dummy variables and therefore are
excluded from the Box-Cox transformation.

Table A-1 shows the log likelihood of the estimation results concerning the four
different functional forms: the Box-Cox transformation form, the log-linear form, the
semilog-linear form, and the simple linear form. According to the table, the Box-Cox
transformation form has the highest log likelihood, followed by the log-linear, semilog-
linear, and simple linear form in that order. The x* test for the null hypothesis that the
Box-Cox transformation parameters take a log-linear form (8 = A = 0) produces a test

Table A-1
Log Likelihood
Box-Cox  Log Linear Semilog Linear Linear
—0.1957 0 0 1
—-0.1571 0 1 1
Log Likelihood —3,326.71 —3,235.33 —3,304.78 —3,592.96
Sum of Squared Residuals 4.0824 26.1014 33.3190 10,170,910

Note: The x? test for the null hypothesis that the Box-Cox transformation parameters take a
log-linear form(6 = A= 0): x? = 17.2346 > 5.9915

%The Box-Cox transformation is continuous at §=A=0 because I'Hospital’s theorem implies that

;&-1_1
) = lu

A0

lim-
A—0

)'_
'md(x 11)/& = }llin}]x’1 X lnx = Inx

25 Amemiya (1985) pointed out that the Box-Cox transformation causes residuals to have a non-normal
distribution because of the following restrictions on the transformed variable z(A):
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value of 17.2346, which may be compared to the 5% critical value of 5.9915. Thus, the
statistical results do not provide support for the log-linear form.

Next, to examine theoretical consistency, let us check the parameter signs of the
Box-Cox transformation, and the log-linear form. Table A-2 shows the estimation re-
sults. The parameter signs are the same for all estimation coefficients between two forms.
All the parameters for performance characteristics — clock frequency, memory size,
hard disk capacity, monitor density, and number of expansion slots — show expected
positive sign, and are statistically significant. The parameters for dummy variables also
display the expected signs in general.

To sum up the above results, although the Box-Cox transformation form seems to
have a better fit, it does not have enough advantages over the other forms to be used for
estimation because of its technical complexity for estimating and interpreting results.

Appendix C. Methods to Calculate a Hedonic Price Indexes

This appendix discusses a method to calculate a quality adjusted price index from the
estimation results of a hedonic function. Let us term a quality adjusted price index
calculated from the estimation results of a hedonic function a “hedonic price index.” The
hedonic function used below to calculate the price index is the same function used in the
text and takes the following form:

InPy=a+ 3 Binxg+ 3 & du + ty (A-12)
j=1 k=1

where x;; is the j-th characteristic of good i at period ¢, dy, a time dummy for period k,
and u;, an error term.

The actual calculation method differs depending on whether or not it includes an
annual dummy in the estimated hedonic function. When an annual dummy is included,
the exponentially transformed value of the estimated parameter for the annual dummy
becomes the quality adjusted price index for the full sample and 2-year sample estima-
tions. Let x7 stand for the size of the j-th characteristic in the base year (t=0). Substitut-
ing this into equation (A-12), then annual dummies at =0 (base period) all become 0,
and for t=s (comparison period) the following holds:

Z(A)Z -VA (if 1>0)
=-1A (f A<0)

This makes the maximum likelihood estimators biased. Although Amemiya (1985) suggests the 2-stage
nonlinear least square method is used for estimation, it is not frequently used because of its technical
complexity. Because the methodology of the Box-Cox test is not the main subject of this paper and is used as a
simple test to check the validity of functional forms in any case, this paper uses a simple maximum likelihood
method for estimation. It is important, however, to keep in mind that the estimation may be biased as a result.
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TableA-2
Comparison of Estimated Parameters for Box-Cox
Transformation Form and Log-Linear Form

Box-Cox Log Linear
Lonstant ... 19475 (0660 *) .. 3.2022
Clock Frequency """ 02639 (0117+%) | 03210 (0033 9
Memory 009 (0010 x) 00634 (0.024 )
HarleskOO369(0012 *) . 0()567 ....
Expansion Sior T S5 ( F *) .............. 0 aie (oo e
Sereen Demsity 0347 (0252 ) 02693 (0168 )
Tome Lamton 00870(0029 .*) . Vo
................. Notebook 0.0343 (0021 ) 01048 (0.055%%) ...
Monitor Monochrome CRT ~ —0.0927 ( 0.038 *) —0.2587 (0.100 *)
Plasma LCD 0.1185 ( 0.053%%) 0.3165 ( 0.137*%*)
STN Color LCD 0.1576 ( 0.046 *) 03994 ( 0.118 =*)
................. TET Color LCD | 0217 (0058 %) 05608 (0.147 +)
CPU 8 bits —00801(0053 ) —0.2699m(. 0.133% %)
16 bits —0.0682 ( 0.023 *) —0.1982 ( 0.064 *)
Pentium 0.0985 ( 0.043**) 0.2137 ( 0.104%*)
e POWET PC 00192 (0040 ) 00911 (0104 )
oS Dnve(morethanz) ....................... 5 0185( Vi §TT a0 (
CD-ROM ................................... Conia ( oo ) ..............................
Sound Rt “hoir (0w ) o (oo )
“Windows rensialied o (oo 00me (onisin)
Large Momtor T ssa (00w 0 0 (e )
Year 1991 -0.0812 ( 0.024 *) —0.1882° ( 0.058 *)
1992 —0.1490 ( 0.040 =) —0.3650 ( 0.099 =*)
1993 —0.2651 ( 0.069 *) —0.6697 ( 0.176 =*)
................. 1994 S03634 (0.094 v) 09259 (0237 %)
. o —02766(0096 3 —0.7733““(0.258 3
Apple 0.0894 ( 0.030 *) 0.2484 ( 0.082 *)
Compaq —0.1108 ( 0.034 *) —0.2685 ( 0.085 *)
DEC —0.1861 ( 0.080 *) —0.5108 ( 0.210 =*)
Dell —0.1609 ( 0.048 *) —0.4376 ( 0.130 =*)
Epson —0.0666 ( 0.021 *) —0.1733 ( 0.054 =*)
Fujitsu —0.0547 ( 0.026%*) —0.1495 ( 0.066* )
IBM —0.0927 ( 0.030 *) —0.2233 ( 0.075 *)
Packard Bell —0.0641 ( 0.022 *) —0.1424 ( 0.052 *)
Toshiba —0.2103 ( 0.067 *) —0.5272 ( 0.169 *)

Note: Standard errors are in ( ); * and ** indicate statistical significance at 1 and 5% level;
the standard errors may differ from the figures in the text because they do not make
adjustments for the effects of heteroscedasticity.



44 BOJ MONETARY AND ECONOMIC STUDIES JULY 1995

1(t=s)

Dt = 0 (t25)

Therefore, the estimated quality adjusted prices are given by:

Inpo=a+ 3 Plnx* (A-13a)
j=1

Inp,=a+ 3 flnx* + 4 (A-13b)
=1

where . indicates that it is an estimated value.
Taking the difference between equations (A-13a) and (A-13b) gives:

In p, — In 76p, = &, (A-14)

which implies that the parameter (J; ) for the annual dummy is the logarithm of a quality
adjusted price index in period s relative to period 0. Therefore, the hedonic price index
Iy in period s relative to base period 0 (base period = 100) is obtained as:

Ios = exp (6y) (A-15)

Next, let us consider the 1-year estimation which does not include an annual
dummy.?® Taking the exponential of the value for the size of characteristic x;*, we can
obtain the estimated quality adjusted price index as follows:

Po = exp (a0 = é} Biox) (A-16a)
ps=exp (& = 3 Bix) (A-16b)

Therefore the hedonic price index Iy, for period s relative to ¢ he base period 0 is given by:

Iok = pr/po X 100 (A-17)

25To calculate a quality adjusted price index without using an annual dummy, there are several other possible
methods than evaluating estimated parameters by the average characteristics in the base year. For example,
there is the “composite price index”, which uses observed market prices for goods found in both base and
comparison years, and estimated prices based on the hedonic function for goods found only in the base year (in
aggregate with market share as weights). Another method is “characteristic price index”, which evaluate
estimated shadow with amount of characteristics of each good (in aggregate with market share as weights). For
details on these methods, see Triplett (1988) and Cole, et al. (1986).
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Appendix D. Basic Structure of a Personal Computer

A personal computer is a computer designed for an individual use. The basic
structural elements are a computer body, called “hardware,” and a program called,
“software.” This appendix explains the basic functions of these elements to better
understand the text.

Figure A-4 describes the basic hardware structure of a personal computer. To
understand the roles of the various elements, consider the example of running a word
processing program. To write a paper using a personal computer, the first thing to do is to
retrieve the word processing program from an auxiliary storage device (a floppy disk or a
hard disk) to the main memory. The next step is to input words and edit instructions
(e.g., add, delete, or move a word) through the input device such as a keyboard, which
are then processed by the CPU (central processing unit). Traditionally a keyboard has
been used as the input device, but recently a “mouse” is used in new OS (operating
system) called “Windows.” The processing results are then temporarily stored in the
main memory and at the same time are shown on the display. Once a paper is completed,
it is saved as a file on the auxiliary storage devices and can be printed out by a printer.
The saved file can be retrieved by specifying its file name from the auxiliary storage
device to the main memory and can be edited. A more recent personal computer uses an
extension board with circuits for additional sound and graphic capabilities, which can be
connected to its “extension slots.”

Figure A-4
Basic Hardware Structure of a Personal Computer

Auxiliary Storage Drivices

Memory Hard Disk Floppy Disk
N
CPU
—
Keyboard Mouse Display Monitor Printer

| | |

Input Devices Output Devices
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Figure A-5
The Relationship between AP-OS and Hardware

Word Processing

Spreadsheet Software Database Software
Software

————
Instruction
~_ Response

Hardware

As for software, there are two types: basic software used for the operating system
(OS) and application programs (AP). The AP is a computer program that can be used to
accomplish a certain task like a word processing program discussed above. The user often
runs multiple application programs on the same hardware. For example, the user may
want to make charts and tables with a spread sheet program, and then place it in a text
created by a word processing program. Here arises a need to save the charts and tables or
the text as a file on a hard disk or a floppy disk. But it does not make any difference from
a viewpoint of hardware whether the saving instruction comes from either software.

The OS resides between the hardware and the AP, and plays the role of controlling
and coordinating their functions. The OS makes it possible to run multiple APs on the
same hardware (Figure A-5). Although the DOS dominated the market as the main OS,
the Windows has been gaining popularity with the users because of its superior ease-of-
use and graphical user interfaces.

Shigenori Shiratsuka: Research Division I, Institute for Monetary and Economic Studies,
Bank of Japan
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