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1. Introduction
In the last two decades considerable attention has been drawn to the methods of computing price indexes for Information and Communication Technology (ICT) products: the discussion started in the USA and then has been continued throughout the globe. Report prepared by Boskin Commission (1996) raised the problem of biases in the price indexes for ICT products: it showed that traditional matched models indexes can substantially overestimate inflation, because they are not able to measure the peculiarities of ICT industries (i.e. fast rotation of goods, huge quality differences among products on the market, short product life cycle, etc). The Commission showed that the use of matched model indexes leads to inflation rates overes​timation by 0,6% per year in the US official CPI (CPI-U). Similar results were obtained by Crawford (1998) for Canada, Lequiller (1997) for France, Shiratsuka (1999) for Japan, Hoffmann (1998) for Germany and Cunningham (1996) for the UK (See Table 1).

	Table 1.
	Biases in CPI, % per year


	Source of bias
	Canada
	France
	USA
	Japan
	Germany
	UK

	Substitution effect: high level
	0,10
	–
	0,15
	0,00
	0,10
	0,05–0,10

	Substitution effect: low level
	0,00–0,10
	0,05–0,10
	0,25
	0,10
	–
	–

	Outlet substitution bias
	0,07
	0,05–0,15
	0,10
	0,10
	0,05
	0,10–0,25

	Total
	0,17–0,27
	0,10–0,25
	0,50
	0,20
	0,20
	0,15–0,35

	Quality change and new goods 
	0,30
	–
	  0,6
	0,70
	0,60
	0,20–0,45

	Total
	0,47–0,57
	0,10–0,25
	1,10
	0,90
	0,75
	0,35–0,80


But the growing discussion does not only concern price measurement (inflation), or price indexes, but also deflators. Deflators are crucial for computing such items as investment, labor productivity, economics growth measures, etc. For example, in the USA growth acceleration after the 1995 was mainly driven by the increased investment in ICT products that lead both to an increase in capital stock and labor productivity growth. In this respect, correct measurement of deflators is crucial for understanding the sources of economic and productivity growth. Another issue to be solved concerns international comparability, especially for ICT deflators. Papers by Wyckoff (1995) and Eurostat (1999) demonstrate that there is a huge dispersion in ICT deflators in OECD and European countries, accordingly
.

Despite the fact that price indexes are the main measures of inflation and are used to calculate real (deflated) values of macroeconomic indicators, little attention is paid to them in Russia and other former USSR countries (CIS). The inability of Russian statisticians to eliminate biases in the price indexes used will inevitably lead to biased measures of inflation and economic growth. Given that the Russian govern​ment is proposing the stimulation of ICT industries’ development, the inability to eliminate biases for these products would lead to inefficient policy decisions, because the price indexes for ICT products would be most likely biased up, while productivity growth, investments, consumption would be underestimated.

In this paper we would like to estimate hedonic price and quality indexes for personal computers (PC) in Russia. That would help us to find out whether there needs to be as much concern about ICT products price methodology as in the OECD countries. Hedonic indexes and hedonic methods are very useful and are often used for calculating quality-adjusted price indexes. We have chosen PCs as an object of our research in order to make the comparison with the results obtained for OECD countries possible.

Recent studies of hedonic price indexes for PC show that quality adjusted prices decline by 25–35% a year in the USA [Pakes, 2002; Berndt, Rappaport, 2001; Berndt, Griliches, Rappaport, 1995], 34% in Germany [Moch, 2001], 33–36% in France [Bourot, 1997] and 28–34% in Taiwan. There is no evidence about quality-adjusted price indexes for PCs in Russia: Russian statistical agency (Rosstat) computes a price index for PC as part of the CPI, but it is not publicly accessible
. Investment deflators for ICT are not developed as well.

This study provides evidence on quality-adjusted prices for PCs in Russia for the period of 03.2004–11.2005. We are using characteristic hedonic method to compute them. As it is almost impossible to collect data for the whole country we have collected data for the most representative, from our point of view, city in Russia – Yekaterinburg, which is located in the middle of Russia and is a big industrial center. Using these data we calculate 10 hedonic price indexes and 8 hedonic qua-lity indexes: we have added «superlative» Edgeworth – Marshall and Walsh indexes to the commonly used in hedonic literature Laspeyres, Paasche and Fisher indexes.

The paper is organized in the following way: Section 2 gives the basic set up of hedonic price and quality indexes, briefly discusses hedonic regression, and also presents the classification of hedonic price and quality indexes. Section 3 presents and debates empirical results – estimates of price and quality indexes. It also discusses the international comparability of results and presents estimates of possible Russian CPI and PC elementary price index biases.
2. Hedonic Indexes
Hedonic index is any price index, which uses information from hedonic regression. Hedonic regression describes how product price could be explained by its product characteristics. For example, for a linear econometric model, assume that at each period 
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There are several ways the hedonic price indexes can be constructed. Following Triplett (2004) we will distinguish two methods – direct and indirect. The direct method uses only information obtained from the hedonic regression; while the second method combines information derived from the hedonic regression and matched models. In the last case, data used for estimating hedonic regression and calculating matched models indexes are different
. In our study it is almost impossible to use indirect methods, because we neither know the quality-adjustment method used by Russian statistical agency (Rosstat) nor we have any data appropriate for matched models. Within direct method we use characteristic method.

Given (1), the corresponding chain hedonic price index
 would look like:
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 – Paasche-type index and so on. Fisher-type index is defined as a square root of product of Laspeyres- and Paasche-type indexes. Edgeworth-Marshall – uses arithmetic mean of mean characteristics of two periods t and t + 1. Walsh-type index uses geometric average of two periods. Similarly, base hedonic price index would look like:
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The base index would directly compare a bundle of mean characteristic 
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Hedonic quality index is similar to quantity index in traditional index theory – it measures how the price of obtaining set of characteristics had changed over time. A detailed taxonomy of hedonic price indexes is presented in Table 2.
	Table 2.
	Classification of Hedonic Indexes within characteristic method*


	

	Chain
	Base

	Price index
	
	

	Laspeyres
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	Paasche
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	Fisher
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	Edgeworth-Marshall
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	Walsh
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	   Base quality
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	Quality index
	
	

	Laspeyres
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	Fisher
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	Edgeworth-Marshall
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	   Base (implicit) prices
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* For simplicity of representation, we skip the sign of fitted value “^”. However, all estimates are done with the usage of fitted values (estimate of price from hedonic regression). All price fitted values are calculated for the mean characteristics of the corresponding time periods.
2.1. Functional Form
Despite a long history of hedonic regressions research only several functional forms were used – linear, double log and semilog form. In our study we will use a linear specification for our cross-section regression presented in (1). We do it for several reasons. First of all, our final goal is to estimate hedonic price, but not a log-price. The application of log or semilog form requires the usage of either nonlinear least square estimator (or other appropriate method) or OLS and correction of estimated price for an error term [Pakes, 2002]. Secondly, we would like to make the result more transparent for a broad set of readers, especially for policy-makers. With the modest and noisy data available the usage of Box-Cox test for each month may be seen as a step towards increasing statistical significance in exchange for robustness of results. Thirdly, there is no evidence that choice of functional form has a significant influence on the hedonic indexes. Moreover, Box-Cox test may give preference to nonlinear models as a compensation for omitted variables, even if the true functional form is linear.
3. Empirical Results
3.1. Data
In our study we used a data base of monthly commercial advertisements «Puls Cen» that contains both prices and characteristics of PCs for the Russian city of Yekaterinburg. With population over one million people and central location, Yekaterinburg is quite representative: we expect price information from one city to be representative of all Russia, because PC is an internationally tradable commodity and arbitrage makes large price differences impossible. Moreover, a large fraction of PCs in Russia is sold via established national retailers that have universal price patterns throughout the country.
3.2. Hedonic Price Indexes
In table 3 you can find estimates of hedonic price indexes. As the table shows all indexes show a significant price decline, even though average prices are growing with a pace of Russian official CPI. Base quality index shows the most rapid price decline: GAGR about 20–25% while other chain indexes are around 16% GAGR. Possibly, it can be explained by the properties of PC short life cycle – older, out-of-date PC are experiencing faster price decline, because they are loosing their market share with the emergence of new goods.

Base indexes also show a more rapid price fall: generally speaking, the usage of base indexes should be avoided until there is a possibility to calculate chain indexes for at least two reasons. First, calculating price change for several periods using only starting and ending points – 0 and T means that we ignore the track, the way the price developed over the period 
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 Second argument concerns econometric issues – base indexes are calculated using only two regressions. That in turn, suggests that the error for a base index should be higher than for a chain index, which in our case uses 21 regressions. This should be true due to the diversification of errors which may arise while collecting a sample, errors in prices or characteristics, etc.
3.3. Hedonic Quality Indexes
In table 3 estimates for hedonic quality indexes are presented. These indexes show a significant quality growth. Base prices index shows the most rapid quality growth: GAGR from 18 to 28% while other chain indexes are around 19% GAGR. As in the case with price indexes, base indexes are significantly different from chain indexes. The first ones grow with GAGR of 18–28%, while the latter with GAGR of near 19%. It is also worth mentioning the dispersion of estimates within these two group: chain indexes seem to give very close estimates – GAGR from 19,12% to 19,23%. While the dispersion for base indexes are several times larger. We believe that explanation for this is the same as for the price indexes.
3.4. International Comparison
Most studies
 suggest hedonic price index should fall from 20–35% per year (in US dollars). We estimate in this paper a 17% decline in rubles, the currency that have depreciated against the dollar for 1% for the period in question, giving the final estimate of –18% (in US dollars). 

From the one hand, this confirms that the PC price trend in Russia and OECD countries is the same. From the other hand, the difference of 2–17% should not to be ignored. We see at least three different explanations for that:

CPI and elementary price index bias. The use of traditional matched model indexes usually leads to an overestimation of inflation, because they cannot account for fast goods’ rotation and quality change (for an overview, see [Triplett, 2004]). In order to estimate a bias in elementary price index we need to compare traditional matched model index with the hedonic counterpart. We suppose that chain «superlative» hedonic index is the most precise index (for bias estimation). 

But the other problem is that we also need a matched model index that is currently used by Rosstat. Unfortunately, Rosstat does not publish official elementary indexes for PCs. In order to estimate the bias we use the following scheme. As for the lower bound, we assume that official price index would be at least 100% (i.e., show no price change)
. Upper bound is derived on the assumption that official price index would not exceed the average price growth. Average price growth for the sample is 18,81% for 20 months (or 10,90% per year).

Based on these assumptions an upward bias in elementary price index for PC is lying within the interval of  26,06–44,87% for 20 months (or 16,57–27,47% on a 12-months scale). Personal computers have a 1,13% share in the Russian CPI. Given this, an upward bias in the CPI, caused by PC price index bias, could be from 0,19 to 0,31% per year.
	Table 3.
	Estimates of hedonic price and quality indexes


	
	Price Indexes, %
	Quality Indexes, %

	 
	Total
	GAGR
	Total
	GAGR

	Chained Indexes
	
	
	
	

	Laspeyres
	–25,96
	–16,50
	34,06
	19,23

	Paasche
	–26,08
	–16,58
	33,85
	19,12

	Edgeworth-Marshall
	–26,06
	–16,57
	34,00
	19,19

	Fisher
	–26,02
	–16,54
	33,96
	19,17

	Walsh
	–26,10
	–16,59
	N/A
	N/A

	Base Indexes
	
	 
	
	

	Base quality
	–34,69
	–22,56
	31,81
	18,02

	Paasche
	–24,82
	–15,73
	51,73
	28,42

	Edgeworth-Marshall
	–31,37
	–20,22
	39,68
	22,20

	Fisher
	–29,93
	–19,21
	41,42
	23,11

	Walsh
	–31,98
	–20,65
	N/A
	N/A


4. Conclusion
This paper can also have a set of important implications and recommendations for the Rosstat. First, we strongly recommend starting research on whether hedonic methods should be applied into the official practice. Most OECD countries, Australia, Japan, and Taiwan are using hedonic methods for calculating price indexes for many ICT products, including PCs.

Secondly, we strongly recommend beforehand to start process of finding appropriate data for hedonic regressions. It might come either from vendors or research companies. In both cases, Rosstat would have to negotiate sample collection procedures to increase the quality of data. Thirdly, we find that such methods like «time-dummy», «option-cost» or any other that use only a part of all estimated coefficients should be avoided. Methods that use all coefficients and, hence, estimate a price from hedonic regression are more reliable since they do not depend that heavily on omitted variable bias, multicollinearity and other issues.

As for the implementation of hedonic indexes in official practice, we would like to mention two options to be considered: first is either to implement hedonic methods at regional level or estimate single regression for the whole country. In the first case, each regional branch of Rosstat will estimate it's own regression for it's region that it will be using for quality-adjustment. Second option means that Rosstat will estimate a single regression that will be used at regional levels for quality-adjustment
. Second option, concerns the hedonic method to choose. Indirect methods, that use price imputation, require more resources and data, but reduce the va-riance of price indexes. Characteristic method is simpler, but requires timely data (each month).
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� Wyckoff (1995) estimates the range for ICT deflators for OECD countries in the 1980s from –72% to +80% per year. Eurostat (1999) estimated a smaller dispersion for the period of the early 1990s for European countries from –47% to –10%.


� Problems with methodology of price index computing for such goods as PCs might be the main reason why Russian statistical agency does not publish these indexes.


� This difference in sources of information might be quite crucial, especially for a statistical agency. Matched models are computed on a monthly basis and data are usually gathered by statistical agency. In contrast to that information for hedonic regression is gathered by vendors or other research companies. The size of the sample is larger than for matched models, but regression is usually updated on an annual- or semiannual basis.


� In the study we also calculate base indexes, which are defined as a relative of price of T period for the good with mean characteristic and price of 0 period for the good with the same mean characteristics. See detailed description in Table 1.


� For example: [Triplett, 2004; Moch, Triplett, 2002; Rappaport, 2001].


� The validity of this assumption could be tested through the inspection of the CPI elementary price indexes – an official elementary price that shows a decline in prices can hardly be found. The official site of Russian Statistical Agency (www.gks.ru).


� The same idea of a single regression for European Union is discussed by Konijn, Moch and Dalen (2002) within The European Hedonic Center, a project funded by Eurostat.
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