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Abstract Rapid price decreases for ICT-products in theDs3ave been largely attributed to the
introduction of hedonic price indexes. Would hedgmice indexing also have large effects on measure
price and productivity during earlier technologibatakthroughs? This paper investigates the impfact
hedonic and matched model methods on historical fdatelectric motors in Sweden 1900-35. The result
show that during the productivity boom of the 192flgrent prices for electric motors decreasedg 1
and 12.2 percent per year depending on whethemiedo matched model price indexes were used. This
indicates high productivity growth in the induspmoducing electric motors in 1919-29. In contrast t
Sweden, the US annual total factor productivitywgtowas only, according to current best estimaes,
percent in Electric machinery compared to 5.3 pergemanufacturing in 1919-29. However, hedonic
price indexes were not used to calculate US pradtyctFinally, it is shown that the price decreader
electric motors in the 1920s were not on par withrice decreases for ICT-equipment in the 198¢=

if hedonic indexing is used in both cases.
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1. Introduction

During the 1990s prices of ICT-products decreaapdty, which resulted in high
productivity growth for ICT-producing industriésn the 1990s many statistical agencies
began to use hedonic price indexes to measureyjadjusted price changes in ICT-
products. This has given rise to a debate whetb@otic price indexes overstates price
decreases and productivity growth. According tglEtt (2004) hedonic price indexes
have been criticized for creating rapidly fallingges, resulting in overstated productivity
figures for ICT-producing industries.

The ICT-revolution is an example of a major teclmgatal breakthrough. Major
technological breakthroughs are based on techreddgat have been named general
purpose technologies (GPTs) (Bresnahan and Tratgrit®95). According to the GPT
literature whole eras of technical progress areetirby a few GPTs, characterized by
pervasiveness, inherent potential for technicarowements and innovational
complementarities giving rise to increasing retumscale. There are also other
perspectives and theoretical approaches to anaigiar technological breakthroughs.
However, no matter which perspective that is beisgd, one of the most crucial issues
about technological breakthroughs is the abilitgdarectly measure their impact.

One of the main indicators for measuring the impéctew technology is productivity.

In order to measure productivity correctly overdirhis necessary to estimate the price
change of different product€ne of the major difficulties with measuring psde
industries with rapidly changing technologies is glnoblem of correctly estimating

quality improvements. In order to deal with thislplem many statistical agencies use the
so called “matched model” methodology to adjustdgoality changes in price indexes.
Another way of taking quality improvement into agnbis to use a hedonic price index.
The hedonic methodology is used extensively for-fEdducts in the US, while

European countries have been slower in adoptingrheanethods (van Mulligen 2003).

Previous GPTs are, for example, the steam endieegdmbustion engine and
electrification. However, ICT is the only GPT whéredonic price indexes have been
used systematically to estimate quality adjustéceprhanges. An important question is
how matched model and hedonic price indexes wditddtgprices for products that were
crucial for previous GPTs? This paper investigtesmpact of different price indexes
on electrification, which was the GPT precedingtB&-revolution. The analysis focuses
on the effects on the electric motor, which wasiaiufor the electrification in
manufacturing.

2 OECD (2002) defines the following industries a3 Ioducing: Office accounting and computing
machinery (ISIC 30), Insulated wire and cable (ISI3), Radio, television and communication equipimen
(ISIC 32), Instruments and appliances for measuhgcking, testing, navigating and other purposes,
except industrial process control equipment (ISBTZ3, Industrial process control equipment (ISIG33
Wholesale of machinery, equipment and suppliesE8150), Renting of office machinery and equipment
(ISIC 7123), Telecommunications (ISIC 642) and Catepand related services (ISIC 72).

® See for example Freeman and Soete (1987).

* The change in prices is used to calculate valdea@dnd production value in constant prices, whieh
used to calculate labor and total factor produistivi

® For definitions and a detailed discussion of hédand matched model methodology see sectionsrél1 a
3.2.
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It is well known that the electric motor changed ghroduction process in many different
industries (Devine 1983). Moreover, there is a@ation between the change in electric
motor capacity and the change in productivity gtowtdifferent US industries 1919-29
(David 1990, 1991). However, total factor produit$iTFP) growth did not increase
more than 3.5 percent per year in US Electric mreaalyi This was clearly below the
average annual TFP growth of 5.3 percent in US fiaaturing in 1919—28.Unlike the
US experience of the 1920s, the productivity grodahing the 1990s was very high for
ICT-producing industries in the US and many weskEuropean countries. Thus, during
electrification the highest productivity growth wiasind in industriesisingelectric
motors, while during the ICT-revolution of the 183Be highest productivity growth was
observed in industriggroducinglCT (Edquist & Henrekson 2004).

The question stated above is very broad. More Bpaity | will address the following
guestions:

(1) Do hedonic price and matched model price indesteange the view of the
productivity performance in the industry producgigctric motors?

(i) Do price changes differ for electric motorspa@ading on whether the matched
model or the hedonic methodology is used?

(i)  Can the price changes for electric motorsidgithe 1920s rival the price change
of computers and other ICT-products during the $390

To answer these questions | construct hedonic atdhad model price indexes for
electric motors in Sweden 1900-35.

2. Electrification and the ICT-revolution

2.1 Electrification

The invention of the dynamo was crucial for th& @ntury electric industry. The
principle behind the dynamo — the theory of elaoi@gnetic induction — was discovered
by Michael Faraday in 1831. However, the first coencral power station did not start to
operate until the 1880s in the US and many Europeantries. It was also around 1880
that the first electric motors, based on electrame#ig induction, began to be produced
commercially. However, it took until the 1920s uiptioductivity in manufacturing
experienced higher rates of productivity growth ({I[0al991).

David (1991) argues that electrification pavedwlas for a thorough rationalization of
factory construction designs and internal layodifgroduction. One such rationalization
was the shift from shafts to wires in the produttystem (Devine 1983). Before
electricity was introduced, the production proosas built around a large-scale power

¢ Annual labor productivity growth, defined as vahdded per person employed, was 5.1 percent in US
manufacturing and 4.1 percent in Electric machiner}919-29. Productivity estimates are based on
Kendrick (1961).
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source, such as a waterwheel or a steam engindirghelectric motors used in
production just replaced steam engines and cordita&urn long line shafts. However, it
was soon discovered that large energy savings dmutéalized if a group of machines
were driven from a short line shaft turned by iscelectric motor. A further step was to
connect a single electric motor to each machinés @hit drive innovation used less
energy than the line shaft drive and it also inseekthe flexibility of the production
process. In this way the unit drive offered an opputy to obtain greater output per unit
of inputs (Devine 1983). However, it took a longé until factories had been
reorganized to take full advantage of the proditgtieffects of the electric motor.

Table 1presents data from Kendrick (1961) on labor- atal factor productivity growth
in different manufacturing industries in the US.cAading to these estimates a substantial
productivity increase did not appear in the induptioducing Electric machinery. For the
period 1919-29 annual TFP growth in US manufactuwas 5.3 percent, while TFP
growth in Electric machinery was only 3.5 perceat year. The change in TFP growth
from 1909-19 to 1919-29 for manufacturing and Eiechachinery is 5.0 and 3.2
percentage points, respectively. The labor proditgtgrowth in Electric machinery was
4.1 percent compared to 5.1 percent in manufagubyavid (1991) shows that there is a
correlation between the change in the rate of itmgysoductivity growth from 1909-19
to 1919-29 and the ratio of secondary electric moapacity in each industry in 1929 to
that capacity in 1919. Hence, the productivityeet§ were materialized in sectoising
electric motors rather than in sectpreducingit. This suggests that the industry actually
producing the electric equipment was not able ke tdvantage of its own technology to
the same extent as other industries

When it comes to productivity growth in Swedengpaars that Sweden followed the US
pattern. Schon (2000) shows that labor productgrtwth in Swedish manufacturing
increased from 1.5 percent p.a. in 1896—1910 t@&réent in 1910-35Table 2shows
labor productivity growth for different industries the Swedish manufacturing and
handicraft sector 1913-46. As in the US, produtgtigrowth accelerated in the period
1919-29. Chemicals and chemical products and Pdigletening and waterworks
experienced the highest rates of productivity ghoint1919-29. In the Swedish industry
classification system Electric machinery was ineldiéh the Ore- Mining and Metal
industry. This industry had an annual labor prowitgtof 4.3 percent compared to 3.8
percent for total manufacturing and handicrafhds not been possible to obtain
estimates of labor productivity defined as valudeztper unit of labor for Electric
machinery 1913-48.

2.2 The ICT-revolution

In 1947 Bardeen, Brattain and Shockley inventedrdmesistor. The transistor became the
basis for numerous electronic innovations. Togetihese innovations formed what is
called the Information and Communications Techngl@GT) sector. The development
of numerous innovative technologies has giventose plethora of new products
providing the basis for development within the I€8ctor. Communication satellites in

" Schoén (2000) defines labor productivity as groveties of real value added per hour worked.
8 For productivity growth estimates for Electric rhawery, based on production value instead of value
added, see section 6.1.
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the 1960s, fiber optic cables in the 1970s andilzltelephones first introduced during
the 1980s are significant examples of such promnctvations. The Internet is yet
another innovation that is believed by many to lseuaial driver of economic growth
(Litan & Rivlin 2001 and Lipseyt al 1998).

Table 3shows the labor productivity growth for differentlustry categories for the US
and the EU in 1990-2000. Accordingtédble 3the highest productivity growth by far
was found in the ICT-producing industries for theeantries in the 1990s. The annual
labor productivity growth in ICT-producing manufaadhg in 1995-2000 was 23.7
percent in the US and 13.8 percent in the EU coetptr 2.5 and 1.4 percent for the total
economies. These results clearly indicate thahifjeest productivity growth in these
countries took place in the ICT-producing indusiareover, intensive ICT using
servi%e industries increased considerably morbeniS compared to the EU 1995—
2000:

2.3 Electrification and ICT: A comparison of productivity growth

As stated in the introduction electrification a@fare general purpose technolodi®a.
number of articles have shown that there are siitida in the productivity patterns after
major technological breakthrough'sOne such similarity is that it takes long from the
time of the original invention until a substaniiarease in the rate of productivity
growth can be observé@However, one major difference between electriftzatind the
ICT-revolution is that productivity during the 19986tarted to increase considerably more
in industries producing the new technology, whileductivity did not increase
substantially in the industry producing Electricahaery in the US during the 1920s.
Moreover, electricity in the US was adopted bysalitors at approximately the same
time, whereas ICT diffused rapidly in some sectord not-so-rapidly in others
(Jovanovic & Rousseau 2005). Moreover, Gordon (2@0§ues that the productivity
revival in the US occurred primarily within durabtenufacturing and that there is no
evidence of increases in productivity growth owsiidirable manufacturing.

Another difference between the productivity boorhthe 1920s and the 1990s is that
productivity is measured differently. Hedonic prindexes are used for ICT-products in
the US and many European countries such as SwedeRrance (Scarpett al 2000).
However, hedonic price indexes were not used bydKek (1961) to take quality change

° According to van Arlet al. (2002) the major difference in labor productiviigtween the EU and the US
is due to productivity differences in the intensi@-using service sector because it accounts foueh
larger share of the total economies compared tegd@ducing industries.

19 According to Bresnahan & Trajtenberg (1995) GPEsciraracterized by pervasiveness, inherent
potential for technical improvements and innovagiccomplementarities giving rise to increasing mesu
to scale. More specifically, Lipsey, Bekar and @ar{1998) maintain that a GPT has the followingrfou
characteristics: (i) wide scope for improvement alaboration; (ii) applicability across a broadgarof
uses; (iii) potential usefulness in a wide rangeroflucts and processes and (iv) strong complemitesa
with existing or potential new technologies.

1 See for example David (1991) and Crafts (2002).

12 according to David (1991) electricity was producemnmercially in the 1880s, but productivity stdrte
to increase in manufacturing first in the 1920s.rdbtwer, Crafts (2004) shows that steam power
contributed little to economic growth before 183l dnad its peak impact about a hundred years after
James Watt's steam engine was invented.
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into account. Kendrick was well aware that changegiality would affect productivity
in some industries such as Electric machinery:

“Here, it should be noted that quality change Ww#l greater in some industries
than in others. Thus, manufactured goods are mauseegtible to quality
improvements than are farm products; and within ufecturing the quality
improvements of automobiles and machinery, for edamhas probably
improved more than that of lumber and lumber prégluthis should be kept in
mind in interpreting relative changes in output grdductivity by industry.”
(Kendrick 1961 p. 43)

In order to investigate if the use of hedonic priwexes would result in large price
changes for electric equipment, | have collectdd da prices and characteristics for
standardized electric motors in Sweden 190023hese data were used to construct
hedonic and matched model price indexes for etestators in Sweden.

3. Method

3.1 The hedonic methodology

Triplett (2004) defines the hedonic price indexaag price index that makes use of a
hedonic function. A hedonic function is a relatlmetween the prices of different product
models, such as the various models of personal gtarg and the quantities of
characteristics in them. As the definition indicateedonic price indexes may be
computed in a number of ways. Here the time dumamiatsle method is used. This
method is the most common in research, but a nuoftaternative methods exit.

According to van Mulligen (2003) the hedonic methaks pioneered by Waugh (1928)
and Court (1939) and first applied in economic wsialby Griliches (1961). Court and
Griliches, like many others, used the hedonic mettiocconstruct a price index of the
automobile industry? For electric motors, the hedonic method has beed wery little.
Ljungberg (1996) constructs hedonic price indexegfectric motors in Germany and
the UK. For Sweden Ljungberg uses a matched mat® mdex. To my knowledge, no
one has used the hedonic method on electric mot@weden and no one has compared
a hedonic index with a matched model index forteleeotors for any country.

3.1.1 The time dummy variable method

The time dummy variable method is known as a dmesthod since the index number is
estimated directly from the regression, withouteottalculations. The time dummy
variable method uses a time dummy variable to meabe change of prices given that

13 Data have been collected for three phase altexpatirrent slip-ring electric motors with an open
construction and a frequency of 50 periods (setosed).

14 According to Triplett (2004) there are at leasethother methods that can be used instead oitlee t
dummy variable method. These are called the chenistits price index method, the hedonic imputation
method and the hedonic quality adjustment method.

15 See for example Raff & Trajtenberg (1997).



different price characteristics are held constaet @ certain time period. To illustrate let
there beK characteristics of a product and let madafi the product in periothave the

vector of characteristicg = [zi‘l,....,zi‘KJ fori =1,..1 andt=0,...T. Denote the price of
modeli in periodt by p; . A hedonic regression of the price of moidigl periodt on its
characteristics set' is given by*°

K T
Inp =c,+YInaz +>B'D +e (1)
k=1

t=1

whereD' are dummy variables for the time perioBs,being 1 in period = 1, zero
otherwiseD? being 1 in period = 2, zero otherwise, etc. The coefficieBtare
estimates of hedonic price changes. The price ifoleyeart is estimated directly from
the regression in equation (1) by taking the agtidbthe estimated dummy coefficiebit
The double-log functional form implies that an dguaeighted geometric average of
quality-adjusted relative price in two periods $$imated (see appendix A).

In equation (1) the dummy variables are used topaseprices in period 0 with prices in
each subsequent period. This implies thatfhgarameters are constrained to be constant
over the period = 0,...T. This is one of the main disadvantages with thne tdummy
variable method (van Mulligen 2003). However, tisblem can be circumvented by
pooling data only for consecutive periods. | therefestimate the hedonic regression for
two adjacent years at a time. This implies thaapeaters only are constrained to be
constant for two adjacent years and thereby pengi#t relatively unrestricted impact of
changes in characteristics of prices. The estinfatesach pair of adjacent years are then
chained so that a price index is estimated fomthele 1900-1935 period.

3.1.2 Selection of characteristics

The selection of the characteristics that shoulthbkeided in the regression model is one
of the fundamental difficulties in hedonic studi8glecting the right characteristics
implies that one must identify the set of charasties of electric motors that are the
most important performance attributes for userstedwer, it must be possible to
measure the characteristics in a consistent faghientime. The characteristics that are
chosen should be able to go into the users’ ufilibction. In this paper a number of
technical aspects of the electric motor will beestdd. However, there are also important
aspects for users such as reliability that are sinmapossible to quantify. According to
Gordon (1990) the most serious disadvantage @i measurement methods is that it
is not possible to measure changes in the relagdween excluded and included quality
dimensions. The result will be a bias unless allwked quality characteristics maintain a
fixed relation with included characteristics.

The characteristics included for the electric mai@ the speed determined as revolutions
per minute, the power measured as horsepower anddakimum voltage measured in
volts that the motor can be used for. | only inel@dectric motors that are open slip-ring
motors developed for three phase alternating ctuwéh a frequency of 50 periods (see
section 4). Since this kind of motor is the modibéype among electric motors it is not

18 In this paper the double-log functional form igdgo estimate hedonic price indexes see sectio8.3.
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necessary to distinguish between characteristids as for example whether the electric
motor is an open or closed model.

The three continuous characteristics included @régression are listed, together with
the price in price lists and are therefore belieteeldave played an important role for the
price of electric motors in 1900-35. One charasterthat | do not include in the
regression is a measure of the size of the eletiotor. The primary reason for this is
that most electric motors were used in factoriefxied positions. It is therefore likely
that when an electric motor had been installedsi#s did not matter for the production
process and hence for users. Moreover, the sidessly correlated to power, which
implies that much of the size effect would be pitkg by the estimated coefficient of
the power variablé’

One characteristic that would have been interestingclude in the regression is a
measure of how efficiently electric motors use ggef Unfortunately, it has not been
possible to find consistent measures of the eneffigiency’® Moreover, for the years
1913-17 some motors include ball bearings whilemstilo not® Therefore, a dummy
variable for electric motors with ball bearings weised to test if this had any significant
influence on the price. However, no significantuehce could be noted from ball
bearings. After 1917 ball bearings were used iroatrall electric motor models.

3.1.3 Functional form

According to the theory of hedonic functions thericf the hedonic function is an
empirical matter (Triplett 2004). Therefore, a aati of the Box-Cox test was used to
determine the functional form that best fitted da¢a®* The results clearly showed that
the double-log form best fitted the data. Thereftre hedonic regression was set up in
the following fashion:

In p’ =c, +a,In(speed. +a, In(powed, +a, In(maxvoltagy. +b'(D") +€ (2)

wheret =1 andt +1, In p/ is the logarithm of the price for modednd time period,

speeds measured in revolutions per minytewermeasured as horsepower and
maximumvoltagemeasured in volt®" takes the value 0 ariaf** takes the value 1.

By taking the antilog of thb' coefficient one directly arrives at the percentelgenge
between two different periods.

" Excluding the size of the electric motor also ifeplthat problems with multicollinearity are avaidzt
the largest extent possible.
18 Electric motor efficiency is the ration betweer #haft output power and the electrical input.
91t has been possible to include efficiency asxplamatory variable for a few adjacent years. Twilts
show that for the adjacent years 1900-01, 1901192203, 1903-04, 190408, 1920-21, 1925-26,
1926-28 the estimated price does not differ by ntiwei@ 3 percentage points when the efficiency bégia
is included. However, for the period 1908-13 tHéedence is 7.8 percentage points.
20 Before 1913 there were no electric motors in #mame of this investigation that were equipped vaidh
bearings.
%L The test that was used for choosing between tieadiand log-linear models was proposed by Pin&yck
Rubinfeld (1998). The test is based on the leastrgg approach (see Pindyck & Rubinfeld (1998) pp.
278-279).
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%AQAprice = exp(') -1 3)

whereQApriceis quality adjusted price afd4 is percentage change. For small values
of b, %AQApricedb', but asb® grows larger so does the difference betwesp (') -1)
andb'.

3.1.4 The shortcomings of hedonic price indexes

There are several shortcomings with using the hieduathod to adjust for quality
change. It is important to point out that the pwof this paper is not to investigate the
accuracy of the hedonic method. Instead, this stuely to analyze and compare the
results generated by hedonic and matched modebah@itigy for electric motors in
Sweden 1900-35. Nonetheless it is important tod@@eof the shortcomings with the
hedonic method anyway.

One major objection towards using hedonic pricexas is that it is difficult to know
what is measured. In the 1960s there used to leeraneous perception that the
coefficients from hedonic methods represented veslele as opposed to resource costs.
Rosen (1974) showed that hedonic coefficients gdigaeflect both user values and
resource costs. The ratios of these coefficients nefdect consumers’ marginal rates of
substitution and producers’ marginal rates of stuigin (transformation) for
characteristics. This implies that there is anfifieation problem in which the observed
prices and quantities are jointly determined byptyiand demand considerations and
their underlying sources cannot be separated (IQ@4p

A standard assumption in the theory of hedonicxedes that there is perfect
competition among firms producing the investiggteaduct. In the case of imperfect
competition, producers price their products aboaegmal costs which results in price
mark-ups. This implies that user value is stilleefed in implicit prices, but the implicit
prices give no clear indication of producer costn(Mulligen 2003). The implication of
imperfect competition in the electric motor indystr Sweden is further discussed in
section 6.1.

For many types of goods it can be very difficulidentify the characteristics that are
associated with price. Criticism has been raisediatno much subjectivism in choosing
the characteristics. However, there is no othelityuedjustment method where
subjectivism is not a problem. According to Triplg2004) constructing matched models
also involves subjectivism. It is also argued thabry provides little guidance to help
determine the appropriate functional form of hedaguations. However, according to
Triplett this criticism is misconceived, since ttieice of functional form is entirely an
empirical matter.

The examples above provide a short overview ofit®ate about hedonic price indexes.
For a more detailed investigation and discussienisglett (2004) and ILO (2004).



3.2 The matched model methodology

In theory, the matched model is constructed by @ing exactly the same model of
specific products in two time perio#sThe agency chooses a sample of sellers and
product models and collects a price for the inpiatiod for each of the models. Then, at
some second period the agency collects the pricextactly the same models and sellers
as in the first period. The price index is computgdnatching the price for the second
period with the initial period. Models that cantet matched are excluded. In practice, it
is not always exactly the same models that arego@mpared. The statistical agency
rather specifies the size of variation in prodddracteristics that is acceptable for a
match and thereby decides whether matching is aettieSmall changes in quality that
are judged to have inconsiderable effects on tioe pnay be ignored. A “match” is thus
not necessarily an exact match.

When statistical agencies match models based terafit assessments, they also
introduce a quality bias. This quality bias conresno forms: inside the sample bias and
outside the sample bias. The inside type of biasmowvhen prices of non-identical
products are matched. The outside kind of biasrgomhen the price changes of matched
models are not representative of price changesmitched models. This bias is often
strong if the share of matched models is low (varligen 2003).

Here the same quality characteristics for the netahodel as for the hedonic model are
used, i.e. speed, power and maximum voltage. Mareovodels with ball bearings have
not been matched with models with other bearinge. Matched model price index was
constructed by calculating the geometric mean @fpitice change of all the “matched”
models over the two adjacent years that are cordparerder to construct a price index
based on the matched model methodology for elettoitors it was necessary to allow
some variation of the product characteristics. &fwee, | included all matches with a
variation of 0.2 horsepower, 70 revolutions perutgrand 600 volt&® If more than two
models fulfilled these requirements, the two modeth the closest fit were matched.
When it was not possible to determine which ofrtiaglels that had the closest fit, weight
was used as a fourth characteristic to match moBgelally, if the weight was unknown,
electric motor models produced by the same compaang matched.

2t is likely that some of the models that werdected in the first period do not exist in the s&to
period. Moreover, some models may have changeltlsligver the two periods. It is then up to therage
to decide whether the slightly changed model ingge? can be matched with the model in period 1.

2 This illustrates that in order to construct mattheodels a number aid hocadjustments about different
characteristics must be made. This problem isylikelhave increased for ICT-products. For exaniple,
computers there may exist over 20 different prodhetracteristics to match.
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4. The data set

In order to construct price indexes for 1900—3%aa# prices and characteristics of
electric motors were collected manually from digpaisources. The data of prices and
characteristics of electric motors were collectedrf price lists of different companies
that manufactured and sold electric motors in Swed®0-35. The price lists were
retrieved from the ASEA archives in Vasteras amdSwedish Royal Library in
Stockholm.

Unfortunately, it was not possible to collect ps@nd characteristics for every year of
the period 1900-35. Therefore the calculationseafomic and matched model price
indexes are based on data for the following ye980-04, 1908, 1913-21, 192426,
1928-31, 1933 and 1935. These observations praevigged coverage of the years both
before and during the productivity boom of the 192fedable 1and2). However, for

the period 1900-13 the calculations of price indext® based on observations only for a
few years. Moreover, the estimated impacts of dtarstics were kept constant over
much longer time periods 1900-13 compared to 198.3-3

There were a number of differences among electotonmodels during the period
investigated. One important difference was thatesefactric motors were manufactured
for direct current and others for alternating cotrd hese differences make it very
difficult to compute a hedonic equation that castidguish between all different electric
motor models. Therefore, this investigation onlgludes three phase alternating current
slip-ring electric motors with an open constructand a frequency of 50 periods. The
reason for making these limitations is to minintize differences between electric
motors over time. It is probable that the differemet construction and design of closed
and more advanced electric motors may grow mugfetasver time.

The power of the electric motors included in thengke varies between 1 and 100
horsepower. Price lists indicate that there werstandardized electric motors with more
than approximately 500 horsepoviéHowever, price data and characteristics of electri
motors with more than 100 horsepower could onlyooed for a few years and have
therefore been excluded in the hedonic regressions.

Table 4shows for which years and companies the dataéms ¢ollected. The data cover
motors from several companies. These companie@A&EA, Luth & Rosén,

Motorfabriken ECK, Svenska elektromekaniska AB, A&@ Siemen& The two latter
companies were German, while the others were Stvellisst of the data was collected
from ASEA, which was a very large producer of semdized electric motors in 1900-35
(Glete 1983). The data of characteristics and pricetwo consecutive years are not
necessarily from the same company. It is thus aeduhat companies had the same price
strategies for the adjacent years that are in\astiy Qualitative evidence indicates that
there was strong competition among electric motanufacturers until 1925 (see section
6.1). However, it is probable that there were pdifferences depending on for example

%41t is probable that electric motors with more t&&® horsepower may have differed substantially in
price, depending on the specifications by each.user

% ASEA is currently named Asea Brown Boveri (ABBjeaifa merger with the Swiss firm Brown Boveri
in 1988. Motorfabriken ECK changed name to Elek&i$\B Morén in 1925.

11



reliability and brand name. These types of qualggects are difficult to measure by
hedonic and matched model price inde¥es.

Table 4also shows the number and the average horsepdwer electric motors for

each year. The sample of electric motors and clersiics include 2121 observations.
The minimum number of observations for one singlarys 18 for the years 1901 and
1902. Moreover, the average horsepower differs &etw.8 and 37.5. The number of
average horsepower is especially low for the y&8dst and 1933. This means that the
samples for these years include many small motorgpared to other years. However,
even if electric motors with more than 20 horsepoave excluded in the regressions, the
results remain robust for the adjacent years 1943t914-15, 1931-33 and 1933-235.

One problem with the collected data is that theylmsed on list prices. Calculations by
Ljungberg (1990) of actual transaction prices oeBfrtric motors purchased by the
Swedish company Kockums 1914-20 indicate thaptises may differ from transaction
prices. It is likely that the list prices differé@m actual transaction prices, especially
when large quantities of machines were bought. kahess, it is probable that the
change in list prices is a good proxy for the cleaimgactual transaction prices.

One additional problem with constructing price ixele for electric motors is that it was
not possible to find data on the number of electrators sold. Therefore, it was not
possible to construct weighted price indexes fecteic motors. All the price indexes
calculated are therefore unweighted price indewbgye all motors have equal weights.
This might be a problem if motors that were notlsollarge quantities differ
substantially in price from motors that were soldarge quantities.

A producer price index (PPI) was used in orderaiovert current to constant prices. The
PPI for Sweden 190035 is presentetignre 1?2 The annual decrease in producer
prices was estimated to be 0.6 percent 1900-181¥14-20 producer prices increased
by 21.6 percent per year. The annual decreaseduper prices was 16.2 percent in
1920-24, but only 2.4 percent in 1924-35. On awerpgpducer prices increased by 0.3
percent per year 1900-35igure 1shows that World War | had a very large effect on
producer prices. The unstable prices during Worltt Winakes it difficult to draw
conclusions based on price estimates for this gerio

5. Results

5.1. The hedonic regression

The results of the hedonic regressions are showabla 5 Both current and PPI-deflated
prices were used for each pair of adjacent yeatsaadummy variable has been included

%t is possible to use a dummy variable for diffeérerand names. However, the data for electric rsoto
for most years are based on only one company, whakes it difficult to use dummy variables for bidan
names in this paper.

2" To make sure that there is no problem with heterdasticity, White heteroskedasticity-consistent
standard errors and covariance have been usetinatsall regressions.

2 The PPI is based on calculations by Ljungberg @199
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for the later of the years. According to the restiie adjuste& value varies between
0.90 and 0.99 depending on the period that is feesstimation. Thé¥ values are very
high compared to many other regressions. Howeenrding to Triplett (2004) it is not
unusual that th&? value exceeds 0.9 in hedonic regressions. Noresthigh hight?

value alone does not mean that there are no onvittieables. Knowledge of the product
is often much more important for determining whett@me important variable have
been omitted from the regressions.

Most of the estimated coefficients are significanthe 1% level, which indicates that the
selected characteristics are important for priBesh the power and the maximum
voltage coefficients have a positive effect onphiee?® The coefficient of speed has a
negative impact on the price. This implies that kpeed motors were more expensive
than motor with high speed. The estimated coefitsi®f the time dummy variable are
significant for most years.

5.2 The hedonic price index

Table 6presents the results of the hedonic price indg¢keasate of change for each of
the adjacent years and as a price index. The rmam§s are that current and PPI-
deflated prices decreased at an average rate ah#.2.6 percent per year 1900-35.
However, the price decrease depends very much ahwme periods that are analyzed.
Figure 2shows the hedonic price indexes for electric n®iorcurrent and PPI-deflated
prices (1900=100). Until 1913 prices and charasties were only observed for a few
years®® Nonetheless, accordingfigure 2the hedonic prices decreased substantially
during the first years of the 1900s. The pricesitinereased in 1904 and then continued
to decrease until 1914.

During World War | the prices increased substalytiagspecially in 1917 when the PPI-
deflated prices for electric motors increased by pdrcent compared to 1916. After
1917 the price trend was clearly decreasing. Dutiegperiod of high productivity
growth 1920-29 the current prices of electric metdecreased by approximately 13.2
percent per year. The corresponding figure in Rflated prices was 4.8 percent per
year in 1920-29. However, there were some yeaiagltire 1920s when prices for
electric motors increased. For example, in 19251889 hedonic prices increased
substantially**

5.3 The matched model price index

Table 7shows results of the matched model price indexth@dhare of electric motors
that were matched for each pair adjacent yearse@uand PPI-deflated prices decreased
by 1.3 and 1.6 percent per year in 1900-35. Thikates that prices for electric motors
based on the matched model methodology decreasedaleidly than the prices based on

2 For the period 1924—25, maximum voltage is exdluiiem the regression. The reason is that all Btect
motors in the sample were produced for a maximulage of 500 volts.

%0 This means that for the period 1900-13 the estithabefficients are kept constant for considerably
longer time periods than in 1913-25.

31 One possible explanation for the increase in hiedmices in 1925 is discussed in section 6.
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the hedonic methodology 1900—%5The annual price decrease in current and PPI-
deflated prices was 12.2 and 3.7 percent in 1920-29

The share of electric motors that were matchedesdretween 9 and 100 percent
depending on the period that is analyzed. The geem@atching ratio was 27.7 percent in
1900-35. For the years 1901-02, 100 percent céldetric motors were matched. The
price decrease was 9 percent in current prices gedcent in PPI-deflated prices.
Exactly the same results are obtained by the hegwoide indexes 1901-02 (sexble 6.
This confirms the well known fact that hedonic anatched model price indexes
produce identical results when 100 percent of theepvations are matched.

6. Analyzing and comparing different price indexes

In this section the three questions that were pos#tk introduction are analyzed in
detail by using the results presented in section 5.

6.1 Productivity in the electric motor producing industry

Kendrick (1961) estimates that the US labor pragitgtgrowth 1919-29 for Electric
machinery was only 4.1 percent per year. This vedevibthe average annual labor
productivity growth rate of 5.1 percent in US maautfiring. The results presented in this
paper suggest that electric motor prices in Sweldeneased substantially in 1920-29.
The results are similar either if hedonic or matchedel price indexes are used.
According to the hedonic price index the annuatedecrease was 13.2 percent, while it
was 12.2 percent according to the matched mode pndex. In PPI-deflated prices the
annual price decrease was 4.8 and 3.7 percent] baseedonic and matched model
price indexes. This indicates that prices decreasadiderably more for electric motors
compared to total manufacturing.

No matter which type of index that is being used gvident that prices for electric
motors decreased substantially during the 192@weden. Rapidly decreasing prices is
a good indication of productivity growth as longcasnpetition is unchanged. It thereby
becomes very important to try to analyze if the petition remained reasonably constant
in the Swedish market for electric motors 190043%ere is no data available to test the
market structure of the electric motor industrywdeer, it is possible to use results from
gualitative research about the electric motor itigus

Glete (1983) documents the history of ASEA 1883-3LEEA was one of the largest
producers of electric motors in Sweden 1900%33&ccording to Glete there was very
strong competition in the market for electric mstantil 1925. Many new companies
began to produce standardized electric motors @484 and competition was fierce.
But in 1925 a cartel was formed between the majodycers of electric motors. The
companies participating in the cartel were: ASEAtH&Rosén, Elektromekano, AEG
and Siemens. However, the cartel was not very gtama only functioned upon mutual
agreement among all the companies (Glete 1983)cdttel could be one of the reasons

%2 This is further analyzed in section 6.2.
3 Glete (1983) also includes an overview of the pdmnpanies included in this investigation.
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why prices of electric motors increased rapidlyt@24—25. This price increase is
indicated in the hedonic price index where PPIlatefl prices increased by 16.2 percent,
but less strongly in the matched model price indéhere the increase was 6.7 percent.

Figure 2shows that the cartel did not have a very stréfegeover a longer time period
since the trend in prices of electric motors cargthto decrease after 1925. Results from
gualitative sources thereby support the view thatrapidly decreasing prices reflect
increases in productivity. Even though there mighte been less competition among
electric motor manufacturers after 1925, the pram@#inued to decrease which is a
strong indication of productivity growth.

Table 8presents figures of labor productivity growth meflish Electric machinery in
1913-35. Labor productivity has been defined adyction value per person
employed® The hedonic and matched model price indexes estifia this paper have
been used to calculate production value in congtaces>” Table 8shows that the
annual labor productivity growth in Swedish Electmachinery 1920-29 was 12.1
percent with hedonic deflators and 10.8 percert wmiatched model deflators. Thereby,
there is strong evidence that productivity growtlhe electric motor producing industry
was very high during the 1920s. However, it id stihuzzle why productivity did not
increase more in US Electric machinery during tB20k.

6.2 Comparing hedonic and matched model price indexes

Figure 2compares the hedonic price index with the matchedetnprice index for
current and PPI-deflated prices, respectively.tRemwhole period 1900-35 the hedonic
price index is lower than the matched model pnxkek for current as well as PPI-
deflated prices. For the period 1900-35 the PHRRktezf hedonic price index decreased
by 2.6 percent per year while the correspondingrégvas 1.6 percent for the matched
model price index. The annual difference is thyzraximately 1 percentage point
between the two price indexes in 1900-35. In 199Gkh2 PPI-deflated hedonic and
matched model price indexes decreased by 4.8 @ngkBcent per year respectively.
Thus, the difference was 1.1 percentage points.

For some years the hedonic and matched modelipdeges for electric motors produce
very different results. However, on average théedihce between the two indexes was
not larger than 1 percentage point. One possilppéaagation why matched model and
hedonic price indexes differ is that prices of ndentical products are matched. In this
paper | have tried to use similar requirementsyiatched model and hedonic price
indexes. Nevertheless, it was not possible to malttric motors without allowing some
variation of characteristics. This might be onéhaf reasons why the hedonic and
matched model price indexes differ. Another expli@nas that the price changes of
matched models are not representative of pricegdsgof unmatched models. However,
hedonic and matched model price indexes produckasirasults for many years even

34 Unfortunately it has not been possible to caleulabor productivity based on value added whichligsp
that only single deflation is used to calculateduuativity.

% It is only the price index for slip-ring electnigotors with 1-100 horsepower that has been used to
calculate production value in constant prices fi@cEic machinery. Thereby, it is assumed that iothe
electric motors would have a similar price develepin
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when the share of matched models is low. Thusetiseno clear evidence that the
hedonic and matched model price indexes wouldrdiffere for years with low shares of
matched models compared to years with high shares.

6.3 Comparing the electric motor with the computer

The last question to be addressed is whether tbe gecrease of electric motors
estimated by hedonic and matched model price irgleae challenge the rapidly
decreasing prices for ICT-products such as compuBaTndt & Rappaport (2001) use
hedonic regressions based on three continuousatBasdics to measure the price change
in desktop computers and mobile computers 1976H38ir regression model was kept
simple in order to facilitate comparability anddeslity over a quarter-century time
frame in the dynamic PC market. The three contisugharacteristics are hard-disk
memory in MB, processor speed in MHz and the amotiRAM in MB. They also
include indicator variables for whether the modeluded a CD-ROM, if it was an Apple
brand, IBM-compatible computer or any other bravidreover, they allow parameters
for characteristics to vary annually and therebyrpiea relatively unrestrictive impact of
changes in characteristics on prices.

Table 9presents Berndt & Rappaport’s results for thegocicange for desktop and
mobile computers in the US in 1976-99. The resarkspresented both for the Laspeyres
index formula and the Paasche index formula. Iflthepeyres formula is used the
desktop prices decreased on average by 30.1 pgreepear in 1976—-99, while prices of
mobile computers decreased by 26.0 percent periryd®&33—-99. The results differ with
less than 1 percentage point per year if the Padaadex formula is substituted for the
Laspeyres index. It is also interesting to noté tha price decrease accelerated in 1994—
99.

If the price development of electric motors is cangal to that of computers it is clear
that over a 25-years period the prices of eleatators decreased much more slowly than
the prices of computers when the hedonic methogadkgsed. There are some years
when the hedonic prices of electric motors deciekdgemore than 30 percent per year,
but these years were followed by increases inmdatiotor prices. It also appears that
the prices of the electric motor were much moreatie compared to that of the
computer. It is possible that one of the reasongi® high volatility was the effects of
World War |.

Table 10presents the average price change for differeRtd@ducts based on hedonic
and matched model price indexes for different coestand time periods. According to
table 10prices decreased more for all ICT-products, ex@®st in Japan, when the
hedonic method was used instead of the matchedIniduedifference in percentage
points between the matched model and hedonic dstmaries considerably. For
computers in France the average difference wasfi8cekntage points, while it was only
2.4 for PCs in Japan.

3 One limitation in the data set used by Berndt Bagpaport is that the 1982—88 data contain traiosect
prices, while the data for 1976—-81 and 1989-99rpmate list prices. Moreover, for 1976-81 and 1993
99 they do not have access to quantity sales waiah implies that all models are weighted equally
their price indexes.
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For electric motor prices, the difference betweeddnic and matched model price
indexes was 1 percentage point per year in 19002638.possible reason why the
difference between the matched model and hedoite prdexes is larger for computers
compared to electric motors is that there wereidenably more new models of
computers introduced. For example, the data set lng8erndt & Rappaport (2001)
consisted of 9 mobile models in 1983 and 1165 nwitke1999. When new models are
introduced they can often not be matched, butaff#ict the hedonic index. Hence, the
price changes of matched models are not represantdtprice changes of unmatched
models.

To sum up, during the 1920s the hedonic and thelmadtmodel price estimates
decreased by 13.2 percent and 12.2 percent perfgeaiectric motors in Sweden. The
labor productivity growth 1920-29 becomes 12.1 @erper year if hedonic price
estimates are used to calculate production valgemstant prices. This suggests that
there was high productivity growth in the indugtrpducing electric motors during the
1920s. For computers and ICT equipment, pricese@sed by more than 30 percent per
year 1976-99. The results presentethbie 9suggest that prices for computers
decreased more than 3 times as rapidly 1994-99 a@do electric motors 1920-29.
Thereby, it is evident that the price decreasdeaftec motors cannot challenge the price
decrease of computers and other ICT-products éwbe hedonic methodology is
applied to historical price data. This supportsfthéings by Jovanovic & Rousseau
(2005) that ICT seems to be technologically moweldionary compared to electricity.

7. Conclusions

Productivity is a crucial measure of the impactafjor technological breakthroughs. In
order to correctly estimate productivity over tintés necessary to have accurate price
indexes. One of the major problems with constrggcgirice indexes is to adjust for
quality change. During the 1990s many statistigaingies began to use hedonic price
indexes to adjust for the rapid quality changedm-products (van Mulligen 2003). But
since hedonic price indexes were not used befoieyery difficult to compare estimates
of productivity growth at the industry level forethCT-revolution and previous
breakthroughs. In this study hedonic price indextesused also for electric equipment
during the electrification in order to assess hbat tvould affect prices and productivity.

A major effort was made to collect data on priced eharacteristics for electric motors

in Sweden 1900-35. These prices and charactengéics used to construct hedonic and
matched model price indexes for electric motorse @&stimated hedonic price indexes
indicate that electric motor prices decreased atrenual rate of 2.2 and 2.6 percent in
current and PPI-deflated prices respectively, iB0E35. The corresponding figures for
the matched model price index were 1.3 and 1.6epéer year. During the 1920s the
hedonic and the matched model price change essrdatreased by 13.2 percent and
12.2 percent per year. The annual PPI-deflate@ plecrease in 1920-29 was 4.8 and 3.7
percent for hedonic and matched model price inderspectively.

No matter which type of index that is being used gvident that prices for electric
motors decreased substantially during the 192@wieden. This indicates a high
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productivity growth in the electric motor indusiry1920-29. In 1925 a cartel was
formed by companies manufacturing standardizedredenotors. However, the cartel
only had a temporary impact on electric motor widster a one-off price increase in
1925, the trend in prices continued to be downward.

Using hedonic price indexes to deflate productialueg for Swedish Electric machinery
annual labor productivity growth 1920-29 was estaddo be 12.1 perceitFor the
period 1919-29 annual labor productivity growthU§ manufacturing was 5.1 percent,
while labor productivity growth in Electric machnyawas 4.1 percent per year. The
analysis in this paper suggests that productivioywh in the US Electric machinery
industry would increase if hedonic and matched rhpdee indexes were used also to
deflate prices in US Electric machinery. Howevkeré are also other potential
explanations. For example, the US productivity feguare based on value added while
the Swedish ones are based on production valuee\&ded price deflators may differ
considerably from production value price deflat@dquist 2005). This is because value
added price deflators also depend on the pricegdsof inputs and the relation between
value added and production vafife.

This paper has also investigated if price changesléctric motors differ substantially,
whether hedonic or matched model price indexesised. The results show that hedonic
price indexes decreased by 1 percentage point pesrgear than the matched model
price indexes for 1900-35. For the period 1920-+k2%nnual difference was also 1
percentage point. The results indicate that thferdihces between the hedonic and
matched model price indexes are not very large aw@msiderable period of time.
Nonetheless, on a year-to-year basis the diffeseheveen the two price indexes can be
large.

The price changes for electric motors 1900-35 \atye compared with those of ICT-
products 1976-99. The results clearly showed thet; a longer time period, hedonic
prices decreased considerably more rapidly for eaderp compared to electric motors.
According to Berndt & Rappaport (2001) the hedgmice change for desktop computers
decreased on average by 30.1 percent per year 99.76ke annual price decrease for
electric motors, estimated by hedonic price indewas 2.2 percent in 1900-35 and 13.2
percent in 1920-29. The conclusion is that ovenger period of time, electric motor
prices did not decrease as much as computer giessif hedonic price methods are
used for electric motors.

The results also show that the hedonic and thehedtmodel price indexes differ
considerably more for ICT-products than for electniotors. One explanation to this
could be that there were considerably more new teadoduced for computers than

for electric motors. When new models are introdubey can often not be matched, but
affect the hedonic price index. Finally, the resshow that the price decrease of electric
motors cannot rival the price decrease of compuatedsother ICT-products even if the
hedonic methodology is applied to historical pieta.

%" The corresponding figure for the matched modelgoimdex is 10.8 percent per year (&##e 8.
38 Another explanation to the different productivigsults for US and Swedish Electric machinery cded
that Swedish Electric machinery simply was moredpabive than the US. Moreover, it is also possibb
the price decrease of other electric motor modetsehsed less rapidly than the electric motors instis
study.
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9. Appendix

Appendix A: Hedonic price indexes

Suppose thaB'is the estimated coefficient of tig time dummy variable in equation
(1). The coefficientB" in equation (1) is an estimate of the price indetween period
andt+1. For a hedonic function with a logarithmic depamtderiable the formula for the
dummy variable index is:

(P
index{(t +1)/t} = exp(B") = r,! +[HQA] ()

I:!(pi’t)llm

The dummy variable index equals the ratio of aneighted geometric mean of prices in
periodst andt+1 divided by a hedonic quality adjustment (HQA)the usual case,
hedonic regressions are run on unbalanced sanspléise number of observations may
differ in the two periods as indicated by the suipssm andn.

The hedonic quality adjustment depends on the ffrthe hedonic function. For the
double-log hedonic function, the hedonic qualitjuatiment is given by:

HOA= ex;{kZ: ak[[g oy nj _ @ 2 mm (5)

Equation (5) is a quantity index that measuresti@nge in characteristics of electric
motors sold in periodsandt+1. The terms in square brackets are the mean change
characteristics between periddendt+1. The changes in characteristics are valued by
their implicit prices, which are thg, coefficients from the hedonic function (see

equation (1)).
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Tables and figures

Table 1 Average annual labor- and total factor prodictivity growth in US
manufacturing 1899-1937 (percent)
Industry 1899-1909 1909-1919 1919-1929 1929-1937
LP TFP LP TFP LP TFP LP TFP
Food 0.2 0.3 -1.0 -0.4 4.9 5.3 -0.5 1.5
Beverages 0.1 0.9 —-6.9 5.6 0.3 -0.2 13.2 15.2
Tobacco 1.4 1.2 5.6 4.9 6.8 4.4 5.4 6.3
Textiles 1.1 1.1 -0.1 0.9 3.0 2.9 0.9 4.6
Apparel 0.3 0.7 15 2.7 4.0 4.0 -0.6 2.5
Lumber products -0.5 -0.4 -1.5 -1.2 1.9 2.5 -0.8 4 0.
Furniture -1.0 -0.8 -0.9 -0.5 3.9 4.2 -1.5 0.5
Paper 2.4 2.4 -0.4 0.3 5.3 4.6 1.6 4.3
Printing, publishing 3.3 3.9 2.7 3.0 3.9 3.7 0.3 62
Chemicals 1.1 0.7 -1.2 -0.7 7.5 7.4 1.6 3.0
Petroleum, coal products 2.2 0.7 0.7 -1.0 8.6 86 .2 1 27
Rubber products 2.4 2.3 6.6 7.4 8.3 7.7 0.5 4.0
Leather products 0.2 0.1 -0.6 0.5 2.2 2.9 0.8 3.6
Stone, clay, glass 2.5 2.2 0.5 0.7 5.2 5.7 0.9 2.3
Primary metals 3.9 2.7 -1.2 -0.5 4.8 5.5 -2.9 -1.3
Fabricated metals 2.3 2.3 1.2 1.8 4.6 4.6 -0.8 1.0
Machinery, nonelectric 1.3 1.0 0 0.7 3.5 2.9 -0.3 32
Electric machinery 0.5 0.6 -0.9 0.3 4.1 3.5 0.5 3.2
Transportation equipment 1.0 1.1 5.7 7.0 9.1 84 .2-2 04
Miscellaneous 0.8 0.8 -1.5 -0.6 4.9 4.6 1.4 2.9
Total Manufacturing 1.0 0.7 0.2 0.3 5.1 5.3 0.3 1.9

Note Labor productivity is defined as output per paremployed. LP=labor productivity; TFP=total

factor productivity.

Source Kendrick (1961).

Table 2 Average annual labor productivity growth fa different Swedish
industries, 1913-46 (percent)
Industry 1913-1919  1919-1929 1929-1939 1939-1946
Ore-mining and metal industries 2.2 4.3 2.8 -2.3
Non-metallic mining and quarrying -3.6 4.7 4.9 0.2
Wood and cork 0.0 0.3 1.1 3.4
Paper and paper products, printing -2.1 4.5 3.0 2.1
and allied industries
Food manufacturing industries 0.0 2.8 2.1 -0.4
Textiles, wearing apparel and -0.6 1.6 1.0 -0.5
made-up textile goods
Leather, furs and rubber products -2.5 0.1 1.0 2.8
Chemicals and chemical product$ -5.7 115 4.6 0.7
Power, lighting and waterworks -0.1 7.9 5.3 4.6
Total -1.3 3.8 2.7 0.2

Note Labor productivity is defined as value added penson employed.
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SourcesSchon (1988), Statistics Sweden (1960) and owsulzdions.

Table 3 Annual labor productivity growth of ICT-pro ducing, ICT-using and
non-ICT industries in the EU and the US, 1990-95 v4995-2000

(percent)
United States EU
1990-1995 1995-2000 1990-1995 1995-2000

Total Economy 1.1 2.5 1.9 1.4
ICT-producing industries 8.1 10.1 6.7 8.7
...ICT-producing Manufacturing 15.1 23.7 11.1 13.8
...ICT-producing Services 3.1 1.8 4.4 6.5
ICT-using Industriest 15 4.7 1.7 1.6
...ICT-using Manufacturing -0.3 1.2 3.1 2.1
...ICT-using Services 1.9 5.4 1.1 1.4
Non-ICT Industries 0.2 0.5 1.6 0.7
...Non-ICT Manufacturing 3.0 14 3.8 15
...Non-ICT Services -04 0.4 0.6 0.2
...Non-ICT Other 0.7 0.6 2.7 1.9

Note Labor productivity is defined as value added penson employed. TExcluding ICT-producing
industries. EU includes Austria, Denmark, FinlaRdhnce, Germany, Ireland, Italy, Netherlands, Spain

Sweden and the United Kingdom, which represents @@¢ercent of
the EU GDP.

Source van Arket al. (2002).
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Table 4 Companies, number of motors and average heepower for the

collected data of electric motors

Year Company Number of Average
motors horsepower

1900 ASEA, AEG 60 20,3
1901 ASEA 18 24,6
1902 ASEA 18 24,6
1903 ASEA 21 26,6
1904 ASEA; Luth & Rosén 125 28,8
1908 ASEA 56 30,5
1913 ASEA; Motorfabriken ECK 109 29,2
1914 ASEA 32 7,8
1915 Motorfabriken ECK 39 22,8
1916 ASEA 253 35,9
1917 Motorfabriken ECK 47 37,5
1918 Luth & Rosén 28 14,7
1919 Elektromekano 33 14,5
1920 Motorfabriken ECK; Luth & Rosén 120 28,1
1921 Luth & Rosén 82 35,9
1924 Elektromekano 22 17,7
1925 Luth & Rosén 78 36,8
1926 ASEA; Elektromekano 266 31,7
1928 ASEA; Luth & Rosén; AEG 151 20,2
1929 ASEA 128 15,8
1930 Luth & Rosén 55 19,2
1931 ASEA; AEG 240 23,8
1933 Siemens 66 8,2
1935 Elektriska AB Morén 74 17,0

SourcesASEA (1900-35) and the Swedish Royal Library (1-985).
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Table 5 Hedonic price regressions for alternatingwrent slip-ring electric
motors in Sweden 1900-35, adjacent years

Period Constant Horsepower Rate per Max Time- Adj R? N
minute voltage dummy

1900-1901

Current prices 7.59%** 0.55*** -0.20 -0.03 -0.39*** 0.93 78

Constant prices 7.59%+* 0.55%** -0.20 -0.03 -0.32** 0.92 78

1901-1902

Current prices 5.04*** 0.53*** —-0.08 0.17%** -0.07 0.99 36

Constant prices 5.04*** 0.53*** —-0.08 0.17%** —0.3&r 0.99 36

1902-1903

Current prices 6.31*** 0.46*** —0.27** 0.19*** —0.0** 0.98 39

Constant prices 6.32%** 0.46*** -0.27* 0.19*+* —@7* 0.98 39

1903-1904

Current prices 8.61*** 0.49*** —049*** 0.05** 0.20* 0.94 146

Constant prices 8.61** 0.49*** —0.49*** 0.05* 0.pF** 0.94 146

1904-1908

Current prices 8.75%** 0.48*** —0.49%** 0.06*** 0.08 0.93 181

Constant prices 8.75%** 0.48*** —0.49*** 0.06*** -3 0.93 181

1908-1913

Current prices 7.71%xx 0.48*** —0.46*** 0.18*** —031*** 0.96 165

Constant prices 7.71xx* 0.48*** —0.46*** 0.18*** —(@g*** 0.96 165

1913-1914

Current prices 6.99*** 0.49*** —0.50*** 0.28*** —036*** 0.98 141

Constant prices 6.99*** 0.49*** —0.50*** 0.27*+* —@B7r* 0.98 141

1914-1915

Current prices 8.53*** 0.50*** —0.50*** -0.03 0.34* 0.99 71

Constant prices 8.53*** 0.50%*** —0.50*** -0.03 0.2% 0.99 71

1915-1916

Current prices 5.75%** 0.49%** —0.27%** 0.20%*** 0.B*** 0.98 292

Constant prices 5.75%* 0.49*** —0.27*** 0.20*** QL2*** 0.98 292

1916-1917

Current prices 6.34*** 0.50*** —0.30*** 0.19%** 1.0%** 0.98 300

Constant prices 6.34*+* 0.50*** —0.30*** 0.19*+* 078*** 0.97 300

1917-1918

Current prices 10.15*** 0.52*** —0.63*** 0.1 %+ —003 0.97 75

Constant prices 10.15%** 0.52*** —0.63*** 0.17 % 0.28*+* 0.98 75

1918-1919

Current prices 9.10%*** 0.50%** —0.51%** 0.15%** —-003 0.98 61

Constant prices 9.10*** 0.50%** —0.51*** 0.15*+* —(@Dg*** 0.98 61

1919-1920

Current prices 8.48*** 0.47%* —0.54*** 0.29%** 0.prx* 0.94 153

Constant prices 8.48*** 0.47%* —0.54*** 0.29*+* -5 0.93 153

1920-1921

Current prices 8.62*** 0.51%* —0.46*** 0.18*** —055*** 0.94 202

Constant prices 8.62*** 0.51%** —0.46*** 0.18*** —(R 3+ 0.93 202

1921-24

Current prices 8.98*** 0.55%** —0.46*** 0.03 -0.77* 0.98 104

Constant prices 8.98*** 0.55*** —0.46*** 0.04 —0.38 0.98 104

Note Significant at 1% = ***, 5% = ** and 10% = *. Wte heteroskedasticity-Consistent Standard Errors

and Covariance.

SourcesASEA (1900-1935), the Swedish Royal Library (1:90835) and own calculations.
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Table 5 (continued)

Constant Horsepower Rate per  Max Time- Adj R? N
minute voltage dummy
1924-25
Current prices 8.78** 0.58*** —0.52%** - 0.15%** 097 100
Constant prices 8.78*** 0.58*** —0.52%** - 0.15*** 0.97 100
1925-26
Current prices 8.02*** 0.53*** —0.55%** 0.21%** —012%** 0.96 344
Constant prices 8.02*** 0.53*** —0.55*** 0.21%** —(Dg*** 0.96 344
1926-28
Current prices 7.93%** 0.54*** —0.55%** 0.19%** —017*** 0.94 417
Constant prices 7.93*+* 0.54x** —0.55*** 0.19*+* —(QL2%** 0.94 417
1928-29
Current prices 8.82%** 0.56*** —0.53*** —0.0009 09gt** 0.90 279
Constant prices 8.82*** 0.56*** —0.53*** -0.001 2+ 0.90 279
1929-30
Current prices 8.42%** 0.52%** —0.53*** 0.10 -0.33* 0.93 183
Constant prices 8.42*** 0.52*** —0.53*** 0.10 -0.28 0.93 183
1930-31
Current prices 6.66*** 0.55%** —0.47%** 0.25%** 0.G* 0.95 295
Constant prices 6.66*** 0.55%** —0.47*** 0.25%** QL2*** 0.95 295
1931-33
Current prices 6.43** 0.54*** —0.43*** 0.26*** 0.B*** 0.94 306
Constant prices 6.43*+* 0.54*** —0.43*** 0.26*** @R4*** 0.94 306
1933-35
Current prices 5.10%** 0.52*** —0.36*** 0.42%** —024*** 0.92 140
Constant prices 5.10*** 0.52*** —0.36*** 0.42%** —(Rg*** 0.92 140

Note Significant at 1% = ***, 5% = ** and 10% = *. Wte heteroskedasticity-Consistent Standard Errors

and Covariance.

SourcesASEA (1900-1935), the Swedish Royal Library (1:90835) and own calculations.
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Table 6 Hedonic price indexes for alternating currat slip-ring electric motors
in current and PPI-deflated prices in Sweden 190053

Year Rate of change using Index using
Current prices Constant prices Current prices @onprices
1900 - - 100 100
1901 -0.33 -0.28 67.4 72.3
1902 -0.09 -0.07 61.2 67.1
1903 -0.08 -0.07 56.2 62.2
1904 0.22 0.23 68.8 76.8
1905-07 - - - -
1908 0.01 -0.03 69.3 74.5
1909-12 - - - -
1913 -0.26 -0.25 51.1 56.1
1914 -0.30 -0.31 35.6 38.6
1915 0.41 0.22 50.1 47.2
1916 0.43 0.13 71.4 53.5
1917 2.01 1.17 214.9 116.1
1918 -0.03 -0.25 207.9 87.3
1919 -0.03 -0.09 201.5 79.8
1920 0.13 -0.04 227.3 76.3
1921 -0.42 -0.21 130.9 60.6
1922-23 - - - -
1924 -0.54 -0.32 60.5 41.3
1925 0.16 0.16 70.0 48.0
1926 -0.11 -0.08 62.0 44.1
1927 - - - -
1928 -0.16 -0.11 52.3 39.2
1929 0.21 0.25 63.5 48.9
1930 -0.28 -0.24 45.9 37.1
1931 0.05 0.13 48.0 42.0
1932 - - - -
1933 0.19 0.27 57.4 53.1
1934 - - - -
1935 -0.21 -0.24 45.2 40.3

SourcesASEA (1900-1935), the Swedish Royal Library (1:90835) and own calculations.
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Table 7 Matched model price indexes for alternatingurrent slip-ring electric

motors in current and PPI-deflated prices in Swederi900-35
Year Rate of change using Index using Percentagetchad

Current Constant Current Constant
prices prices prices prices

1900 - - 100 100 -
1901 -0.23 -0.17 77.2 82.8 13
1902 -0.09 -0.07 70.1 76.9 100
1903 0.002 0.01 70.2 7.7 26
1904 0.20 0.20 84.0 93.7 11
1905-07 — — — — —
1908 0.20 0.15 100.4 107.9 22
1909-12 - - - - -
1913 -0.14 -0.12 86.3 94.7 23
1914 -0.32 -0.33 58.8 63.8 30
1915 0.39 0.21 81.7 77.1 34
1916 0.42 0.13 116.1 87.1 11
1917 1.86 1.07 3324 180.0 9
1918 —0.09 -0.29 301.6 126.9 21
1919 —0.06 -0.12 282.5 112.1 59
1920 —-0.005 -0.16 281.1 94.5 33
1921 -0.35 -0.10 182.8 84.8 38
1922-23 - - - - -
1924 -0.50 -0.27 91.2 62.3 19
1925 0.06 0.07 96.8 66.5 26
1926 -0.07 -0.04 89.6 63.9 29
1927 - - - - -
1928 -0.12 -0.07 78.7 59.1 35
1929 0.11 0.14 87.1 67.2 27
1930 -0.24 -0.20 66.6 53.9 22
1931 0.03 0.12 68.9 60.3 27
1932 — - — — —
1933 0.21 0.28 83.4 77.3 16
1934 - - - - -
1935 —0.23 —0.26 64.0 57.2 9

SourcesASEA (1900-1935), the Swedish Royal Library (1:90835) and own calculations.

Table 8

Labor productivity growth in Electric machinery in Sweden 1913-35

(percent)
Year Growth rate

Hedonic deflation Matched model deflation
1913-1919 -7.2 -4.2
1920-1929 12.1 10.8
1930-1935 -2.5 -2.0
1913-1935 3.0 3.8

Note Labor productivity is defined as production vaper person employed.

Source Kommerskollegium (1900-35) and own calcultions
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Table 9 Average annual price change for desktop anahobile computers in the
US 1976-1999 based on hedonic price indexes

Year Laspeyres Paasche
Desktop Mobile Desktop Mobile
1976-83 -23.2 n.a. -21.8 n.a.
1983-89 -24.8 -15.8 —24.6 -15.8
1989-94 -34.5 -19.4 -30.2 -18.0
1994-99 -40.0 -41.8 —42.2 -41.2
1976-99 -30.1 n.a. —29.2 n.a.
1983-99 -32.9 —26.0 -32.2 -25.3

Note n.a indicates not applicable. The results aredasn merged adjacent-year and yearly models.

Source Berndt & Rappaport (2001).

Table 10 Annual price change for ICT-products basean hedonic and matched
model price indexes for different time periods anctountries

Country Period Product Matched model Hedonic indexDifference

Netherlands Jan 1999 —Jan PCs -21.9 -32.5 10.6
2002

Netherlands Jan 1999 — Jan Notebooks -20.5 -25.5 5.0
2002

Netherlands Jan 1999 — Jan Servers -22.1 -27.3 5.2
2002

France 2001-1 — 2002-1 Computers -13.7 -42.1 284

Japan 1995-1-1999-1 PCs —42.7 -45.1 2.4

Japan 1995-1-1999-I TVs -18.8 -10.4 -8.4

Australia Apr 2000-Dec PCs -32 -52 20.0
2001

USA 1972-1984 Computer -85 -19.5 11

processors
USA 1989-1992 Desktop -19.3 -31.2 11.9
PCs

Note The hedonic price index is based on the dummiglibr method for all countries except France
where the hedonic imputation method has been used.

SourcesTriplett (2004) and Berndt, Griliches & Rappap@r®95).
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Figure 1 Producer price index for Sweden 1900-35%00=100)
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Figure 2 Hedonic and matched model price indexes ffalternating current

slip-ring electric motors 1900-35 in current and PRdeflated prices
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SourcesASEA (1900-1935), the Swedish Royal Library (1:90835) and own calculations.
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