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Abstract

This study finds that the process of evolutionaeyelopment of the Kiryu weaving
district in Japan from 1895 to 1930 can be divided the two phases, i.e., Smithian
growth based on the inter-firm division of laboingshand looms and Schumpeterian
development based on factory system using power m$oo Weaving
manufacturers-cum-contractors led Smithian growgholganizing sub-contracts with
out-weavers in rural villages among others, themtributing to the steady growth in
production. Newly emerged joint stock firms playedole of genuine entrepreneurs
by realizing significant scale economies and trammsing the traditional weaving

district into a cluster of large modern factories.
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1. Introduction

Pioneering studies on industrial districts or austin business and economic

history by Piore and Sabel (1984) and Sabel antirz€1997) have contributed to clear

understanding of their important roles in the depetent of national economy in

Western countries. The investigation of industdatricts per se was not new; their

studies were new because they tried to explain magjeantages of industrial districts

by using the concept of ‘externalities’ which AlfreMarshal introduced almost one

century ago (Marshall 1920). In fact, by analyzindustrial districts through the lens

of such externalities, the nature of competitiol @ource of competitive advantage

have been more clearly identified (Porter 1998).

By reviewing the burgeoning literature on industmistricts or clusters in

many countries, regions, and industries, ZeitliO& concludes his article by

highlighting three major remaining research questidl) the relationship between the

district and the wider world, (2) the changing nmwlogy of the districts and

relationships among different sizes and typesrafidiwithin them, and (3) governance

and coordination mechanisms within the districtk the case of Japan, recent studies

on industrial districts focus mainly on the lastipo(/Abe 1992, 1999; Fujita 1998;

Hashino and Kurosawa 2011; Tolliday and Yonemit®07). Above all, collective



institutions and organizations within the distriplayed an important role in the
introduction and diffusion of new technologies,thsy entailed technology spillovers
among firms and created the problem of inferiorliggg@roducts, which damaged the
reputation of the district (Sawai 1999; HashinaHooming)?

In contemporary developing world, cluster-basedustdal development is
widely observed. Sonobe and Otsuka (2006, 20id)qoily analyze the determinants
of the quality improvement of products and the pobty of exports from the clusters
in Asia and sub-Saharan Africa, which correspondhto first problem identified by
Zeitlin.  Nadvi (1999) and Shumitz (1995) discuks governance and coordination
mechanism of the cluster, which lead to what thal} collective efficiency in the
context of South Asia and Latin America. Theirds#s squarely address the third
issue of Zeitlin. While the importance of induatrtlusters for economic development
has been well analyzed by them, the historicabogiterm perspectives are limited in
their studies.

The aim of this study is to explore how and whydifeerent sizes and types of

firms within the district appeared, grew and cadlegh in the long-term development

! Hashino (2007b, 2010) explores Zeitlin's first aetond points. The former study analyzes the
relationship between small-scale firms within tlgtritt and large-scale ones located outside. The
latter study attempts to clarify how newly-develapiveaving districts solved the problem of
inferior quality products, which reduced the didsireputation at the international markets.



process of Kiryu weaving district in the early 2@d@ntury. Kiryu was one of the most
advanced silk weaving districts in the Tokugawaqae(1603-1868). It was a pioneer
in export of silk products in the 1870s as welltlas leading producer of traditional
Japaneskimonoandobi for domestic markets. In this study, we will deraate that
three different types of players attempted to |da®l growth of Kiryu. The first is
relatively large firms established in the late 1&¢mtury which introduced the vertically
integrated production system for mass productioexgfort products. The second is
domestic market-oriented weaving manufacturers-caniractors [WMCs henceforth],
who promoted division and specialization of labothwillage-based out-weavers and
other specialized small firms. Putting-out systemweaving, dyeing, and preparatory
and finishing processes prospered in the early 26thiury. The third is joint stock
firms established in the early 1910s which adopgtesver looms and successfully
sought the scale economies, thereby “destroyingg tut-weaving system and
“constructing” factory system. Following ParkeB84) and Mokyr (1990) who study
the historical patterns of economic change in thestéfn world, we would like to
demonstrate that Kiryu experienced Smithian grovatbed on the expanded division of
labor among a large number of firms, followed bySuopeterian development leading

to the destruction of out-weaver systems and thation of factory systems. We also



inquire into the causes of the success and faillitiee three types of weaving firms.

The rest of the paper is organized as follows. M&et section describes an

overview of the development of Kiryu with indicasoof changes in production, labor

force, structure of firms, and technology. Secti®brexamines the characteristic of

firms with the employment of more than 10 workersnf 1895 to 1918, whose

production record was collected by various staistisurveys. Three hypotheses

regarding the dominant firms are presented through comparison among

export-oriented large firms, WMCs, and newly emdrgant stock firms. Section 4

presents the methodology of regression analysisexiathines the results. The last

section concludes by summarizing the main findimmjsthe study and drawing

implications for future research.

2. An Overview of the Development of the Kiryu Weaving District

This section examines the production growth inyKirsince the late 19th

century and investigates the changes in the exfahi inter-firm division of labor and

the adoption of power looms which are considerethaskeys to the growth of Kiryu.

Through the observation of structural changes, Weidentify the two distinct phases

of growth in Kiryu in the early 20th century.



2-1 Production growth in the early 20th centur¥inyu

Figure 1 illustrates the changes in real valuerofipction, employment, and

labor productivity in Kiryu, using index (1895 =@0 In the early 1900s, the real

value of production shows upward trend: It wasr8iion yen in 1904 but increased to

roughly 10 million yen in 1907. Since then, it Hagen stagnant at around 10 millions

yen until 1914. In contrast, it experienced ragiowth around the boom period of the

First World War from 1914 to 1919, which was 17 d@anincrease during the mere

5-year period. Even though it is well known thiad¢ t1920s was the era of repeated

recessions or depressions in Japanese economgissigly real value of production in

Kiryu was maintained subsequently at the level ketwaround 60 to 70 millions yen

until 1929.

In Figure 1, solid and broken curves show theadesliof the total number of

workers and female workers, respectively. Sineeféimale workers account for 70 to

80 percent of labor force, the two curves lookalik From the late 1890s to 1900s, the

total number of workers decreased and droppedowandr 7,000 in 1904. It continues

to stagnate through the late 1900s but beginsaease toward the end of the 1910s.

It was around 9,000 in 1910 and rose to 13,5000201 It suddenly dropped to less

than half in 1921 due to depression. In the |&R0%, it finally began the recovery



process. It can be confirmed that the total lalooce increased faster than female
labor force in the 1910s, implying that male empieynt grew faster than female
employment. It is also clear that the increasproduction was not caused primarily
by the increased input of workers.
2-2 Smithian growth and Schumpeterian development

If we turn to the changes in labor productivity,is apparent that it was
improvement of labor productivity that contributéd boosting the real value of
production. More importantly, it can be recognizledt there are three distinct phases
of increase in labor productivity; (1) gradual gtown the 1900s, (2) stagnation from
the end of the 1900s to the mid-1910s, and (3)tidedly rapid growth from the
mid-1910s to the mid-1920s. Average annual grosate in labor productivity was
0.92% from 1904 to 1915 and 9.95% from 1916 to 1927

Figure 2 examines the changes in the number ofweaiters and other
production organizations including factories, cgé®, and WMCs in Kiryd. The

number of out-weavers, who are primarily baseduimogainding villages around Kiryu

%2 The data in 1904 and 1905 are not availab®tatistical Survey of Gunma Prefectwhere Kiryu
was located defines four types of production om@ions with two criteria, i.e. the numbers of
workers and ownership of raw materials. Factogeiined as a workshop with more than ten
workers and cottage as one with less than ten w&rkeOn the other hand, the defining
characteristics of the weaving manufacturer-cumreator is to put out raw materials to
out-weavers. Out-weavers are those who are engageshving for contractors. For details, see
Hashino (2007a, p. 34, footnote 2).



town, increased rapidly from the mid-1900s to tB&Qs. It was approximately 3,700
in 1906 but rose to 5,800 in 1914. Note that therage number of workers per
out-weaver workshop had been stable at about Irbcontrast, the number of other
production organizations continued to stagnate@irad 500 until it shows increasing
trend from the mid-1910s. These observations lgiaadicate the increase in the
number of out-weavers per other production orgdinaa Indeed, it almost doubled
from 6.8 in 1906 to 11.6 in 1914. This indicathe expansion of division of labor,
which was organized by WMCs. This division of lalbappened not only in weaving
process but also in many other processes carriedoyispecialized subcontractors
(Hashino and Kurosawa 2013).

Figure 3 illustrates the coordination activitiesWwMCs (left) and specialized
processes carried out by subcontractors (righ®imgu around 1910. It is apparent
that many processes were carried out by speciafimbdontractors. It must be noted,
however, that WMCs were originally engaged in theole production processes but
gradually out-sourced many processes, such as ithgpwlying, designing, weaving,

and finishing. For example, dyeing process wasajrtbe key preparatory processes

® Specialized subcontractors are generally smallarated in Kiryu town. Whether their activities
were recorded in statistics is not known in eagieriod. Responding to a significant increase in
the number of dyers, the prefectural governmenuded the dyeing industry in its annual statistical
survey after 1915 (Hashino and Kurosawa 2011).
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carried by WMCs in the earlier period. Since thigaduction of synthetic dyes in the
1880s, whose proper use required scientific knoggedVMCs gave up dyeing and
began to put out the process to specialized sutamiats, who have acquired such
knowledge. Henceforth, division and specializatioh labor were gradually and
widely diffused. Such an evolutionary process lsartermed as Smithian growth.

It is extremely important to note that despite &miht growth from the late
1900s to the mid-1910s indicated by the increasimgber of out-weavers (Figure 2),
neither total production nor employment increasgdiicantly in this period (Figure 1).
As will be discussed in the next section, we attebthis puzzling observation to the
failure of large export-oriented firms and offsetfirise of WMCs in the early 20th
century. The former aggressively mechanized stheelate 19th century to create
added value for exported products through improdesigns, textures, and luster, but
failed to expand the production (Hashino and Kun@sa011).

Undoubtedly the most important single innovation Kiryu was the
introduction of power looms, whose disseminatiom ¢ traced by the changing

proportion of power looms in this period. As ioalm in Figure 4, the adoption of

* Interesting statistical data collected by Kiryade Association for Weaving indicates how widely
outsourcing diffused in Kiryu. According to thegport in 1900, there were 853 weaving
producers, 37 fabric merchants, 16 scouring anshiimg producers, 62 raw silk merchants, 18 dyers,
14 dyestuff merchants, 6 cotton-yarn merchantsles®gners for jacquard machines, 25 reed
producers, 115 warping producers, and 6,725 outsrsawithin the district (Hashino and Kurosawa
2011).



power looms in the Kiryu district as a whole (balgrve) started to increase from the
mid-1910s and grew rapidly toward the 1920s. Terage adoption rate was only
4.9% in 1915 but drastically increased to 84.1%980.

Solid and broken curves in the same figure show pitportion of power
looms in Kiryu city (former Kiryu town) and Yamadeounty (surrounding rural
villages) within the Kiryu weaving district, resgeely. It is interesting to observe
that the proportion of power looms in Kiryu city svenuch higher than that of Yamada
county already in 1921. Therefore, we can assumae the introduction of power
looms in urban area proceeded at much faster mate that in rural villages, probably
even in the 1910s. New technology needed new ptimfuorganizations, because the
use of power looms confers scale advantages. dr®vstudies report that the
introduction of power loom was accompanied by thdeption of factory system in
Japan (Hashino 2007a; Hunter 2003; Minami and MaHlia83; Saito and Abe 1988).
It is therefore likely that factories with powerlos located in the center of the district
played an important role in promoting Schumpetedanelopment since the late 1910s
in Kiryu. No less important might be the estabirg@mt of joint stock firms which

contributed to financing large investments in fagtouildings and machineriés.

> Although we do not analyze in this study, firmsisthadopted power looms made a number of
improvements in the product designs in order talpce traditional products by power looms.
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To sum up, it seems legitimate to call the firehtt of output growth Smithian
growth and the second one Schumpeterian developm&mithian growth is chiefly
caused by the increase in the division of laborciwhmust have been created by
reduction in the transaction cost associated wiéhitnproved assignment of tasks and
enforcement of property right and production resgahties (Mokyr 1990). On the
other hand, Schumpeterian development is derivean fthe major increase in
production efficiency by innovations. Such innawas encompass new production
technology and organizational changes that enablavative firms either production of
a given output with much smaller amount of resosimethe production of much better

or large quantity of new products with the sameueses, or both (Mokyr 1990).

3. Changing Char acteristics of Sample Firms and Hypotheses
3-1 Characteristics of sample firms

Based on the above discussions, we attempt tcstigege the behaviors of
weaving firms in Kiryu with the employment of motkan 10 workers covered by

Statistical Survepf Gunma prefectural government afactory Survey These firms

® The data source in 1915 and 191Bastory Surveywhich was conducted by Gunma prefectural
government in order to report to the central goremt. Compared witBtatistical Survegata
used for 1906 and 1910, individual data in 1915 HB contain much more detailed information
about production of each firm.
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were termed factories. Although there are fourdpobion organizations (i.e.,
out-weavers, factories with more than 10 workeddtages with less than 10 workers,
and MWCs), it is possible that the increase in thenber of workers converted the
cottages and MWCs to factories.

Table 1 exhibits the average characteristics ofvimgafirms in selected years
from 1895 to 1918. A glance establishes that thaber of firms was only ten in the
late 19th century but tripled in the 1900s. Fumtth@re, the number more than doubled
in the early 1910s and reached 88 in 1918. Whytldednumber of firms with the
employment of more than 10 workers increase apghbg@ The average year of
establishment of firms indicates that the entrp@iv large firms was not necessarily the
major reason. Recall that aside from out-weavitrste are three types of sample
weaving firms in Kiryu; (1) large firms which att@ed ‘vertical integration’, (2)
traditional firms including WMCs whose number ofnkers increased to more than 10,
and (3) newly-established joint stock firms whiajugped power looms and adopted
factory system in the late 1910s.

Large firms with the employment of nearly 100 wenkseem to have appeared

" In our study, vertical integration refers to thequction system in which preparatory, weaving and
finishing processes are carried out within a fisame of them were typically out-sourced processes
in the case of WMCs as is shown in Figure 3. ftagly similar to that discussed by Jones (1987),
i.e., the backward integration system in Britidk Bidustry in the 1820s and 1830s, in which
throwing and weaving process were carried out ivaiiy.
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in the late 19th century. The average year obéistanent was 1851 in 1895 and 1876
in 1899, respectively, which are much differentn 1B95, it seems that old firms were
dominant, even though there were a few newly-eistadd firms which just started their

operation. Judging from the rising average yeaesiablishment in 1899, it can be
considered that newly-established firms became danti The latter firms attempted

large-scale vertical integration with extraordihatarge western machines mainly for

preparatory and finishing processes. These firidsndt depend on the division of

labor with other small firms, unlike WMCs, which ares that they did not enjoy

agglomeration economies arising from inter-firrmgactions. They used hand looms
except for Nihon Orimono Corporation, which triedpgroduce exportable products but
faced difficulties in operating large-scale fact@iameda 2011J.

Interestingly, from 1899 to 1903 not only the ageranumber of workers
sharply declined from 91.5 to 33.1 but also theraye year of establishment changed
from 1876 to 1867. On the other hand, the numlbédirras became tripled between
the two years. Thus, it is clear that major playeromoting the growth drastically
changed in this period. In other words, while ldrge-scale firms failed their business,

relatively old WMCs became dominant in the 19008he average number of workers

® According to Kameda (2011), this company instaifeforted power looms.
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continued to decline to 23.2 in 1906 (see columi 8 in Table 1, which excludes
Nihon Orimono Cooperaton, as it is outlier). Fesnabrker ratios in 1903 and 1906
were also lower than those in the 1890s, whichngtsoindicates that the relatively
large number of male workers who were engagedepgratory processes and delivery
of yarns to out-weavers increased. Loom/workeo nats far less than unity in 1906,
which means that not all workers in the weavinghfirwere engaged in the weaving
process. From the above discussions, it seems ttlah some WMCs grew to be
medium-scale firms and promoted the growth of Kibyuexpanding division of labor.
It is likely that the stagnant production from tmed-1900s to the mid-1910s observed
in Figure 1 was the result of the reduction in prtbn by large firms and offsetting
increase in production by growing WMCs.

In the 1910s, new entries can be recognized froth inerease in the number
of firms and the rise of the average year of eihblent. While the average number
of workers slightly increased compared with the @@demale worker ratio continued
to decline. 'WMCs would have been still dominanthis period but newly entering
firms gradually expanded their scale of operatiohrom 1915 to 1918, the average
number of firms and the number of workers rapidigreased with concomitant rise in

the average year of establishment, which indicaterease in the number of

13



newly-established large firms. At the same timee proportion of power loom
reached 80%. Such newly established large firmswéppeared in the 1910s can be
considered as the new major players which prom8t#dimpeterian development. It
Is worth pointing out that with the advent of sdoins, the average sale revenue per
firm increased six times from 1915 to 1918. Nditattsince the cost of putting-out
contracts and out-sourcing are not included irseides revenue, it becomes larger as the
extent of the division of labor is larger.
3-2 Comparison of Export-Oriented Firms with OtReéms

What kind of products did our sample firms proglic Some of their
products were shipped for domestic markets butretheere for export markets.
Organized by WMCs, traditional products for domegstarket were produced by
utilizing complicated and specialized division @bbr within the district, as was
illustrated by Figure 3. In contrast, the largen§ established in the late 19th century
attempted to sell product at export markets witlt®gending on any division of labor.

In order to compare the firms with different markeentations and locations,
Table 2 undertakes the comparison of export-oréerfitens with other domestic

market-oriented firms in Kiryu town and outside 1806, 1910, and 1915. Data

® We estimate the export- and domestic market-atint from the main product reported by the
survey.
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source and sample size are the same as in Tabléhkt reason why we regard location

as important is that leading WMCs tended to betextan Kiryu town partly because

this is most convenient for them to organize pgtibut contracts in various processes

and partly because access to railways and eldgtneas also favorable in town.

According to Table 2, however, other firms outdkdg/u town were likely to be WMCs,

because, although smaller, their sales revenuenaiaw in 1915, if we consider the

smaller number of employed workers. The numberxpiort-oriented firms increased

from 1906 to 1910 and then declined, whereas tinebeu of other firms in both Kiryu

town and outside continued to increase and becammendnt in 1915. This suggests

that the second players, large WMCs, supportedHsmiigrowth.

In terms of the number of workers, export-orientems were largest in all

years but their employment size declined from ¥o8kers in 1906 to 45.4 workers in

1910. Judging from the facts that the number gioexoriented firms doubled from

1906 to 1910 and that average year of establishimeb®10 is 6 years younger than

that in 1906, large firms disappeared and the nesdtablished firms with more

moderate scale became dominant.

Female worker ratio tends to decline over time ibuig much lower in other

firms in Kiryu town. The relatively large numbef male workers was employed by
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other firms in Kiryu town because they are liketylde leading WMCs type firms, in

which the relatively larger number of male work@tayed an important role in the

preparatory processes, delivery of raw materiatsl, eollection of finished products.

Percent of firms using traditional water wheels vedso high among other firms in

Kiryu town because they were used for preparatooggsses (Hashino 2007c). Only

some export-oriented firms introduced motive-powersl906 and 1910, which was

steam engine. In 1915, however, some of othersfiimKiryu town also equipped

powers, even though their adoption rate was loWwan tthat of export-oriented firms.

This is likely because electric powers were suppbly the Watarase Water Power

Electricity Company, which was established in 190@®l started operation in 1908

(Kiryu Orimonoshi Hensankai 1940). Prior to supplly electricity, export-oriented

firms had to equip motive-powers such as steamnesgin their own account. It must

be also pointed out that the number of workerdefaxport-oriented firms far exceeded

the number of looms in 1906, which indicates thainynworkers were engaged in a

variety of production activities other than weavimighin the large factories.

Until the late 1900s, hand looms were used in alralbgirms in Kiryu except for

a few (Kiryu Orimonoshi Hensankai 1940).It is therefore doubtful whether the

large-scale export-oriented firms could enjoy scadeantage in the absence of large

16



fixed inputs. In fact, such large-scale firms gigaared and were replaced by smaller
firms with the employment of much less than 50 veosk which were likely to be
successful WMC-type firms whose advantage lay enube of the division of labor with
out-weavers and other supporting firms. Therefore, advance the following
hypothesis:

Hypothesis 1: Although more than several large $irmith the employment of

more than 50 workers and the use of hand looms Veeneded in the late 19th

century, they soon collapsed due, at least padlyhe lack of scale advantages. In

contrast, WMCs thrived based on the out-weavingesy$n the beginning of 20th

century in Kiryu.
3-3 Comparison of Newly Emerging Large Firms witth€ Firms

Our sample firms in 1918 benefitted from the eeomoboom during the First

World War (1915-1918). Responding to the incregsiiemand for the products in
Kiryu, the number of large firms increased. Waaies also increased sharply in Japan,
surpassing the Lewisian turning point according-éd and Ranis (1963). In fact, in
local labor markets in the neighborhood of Kiryuage rates of female workers in
weaving, silk-reeling, and farming sharply increhse this period (Hashino 2007a).

Hence many weaving firms in Kiryu used power lodmsave labor by using electricity.

17



Establishment of new factories and workshops ad aslthe installation of power

looms would have required large investment fundsiciv seems to have led to the

establishment of joint stock firms, as will be simosghortly.

Table 3 analyzes the characteristics of 88 finrm$918 from the perspective of

market orientation and location. Joint stock firmgere export-oriented and

established around the war boom period. They wsmsicularly large with the

employment of more than 300 workers, which cleanlgicates that they sought the

scale advantages. There are many differences betyent stock firms and other

firms within the category of export-oriented firmsCaution is needed in interpreting

number of looms because there were both hand amdrdooms. In the case of joint

stock firms, female workers operated primarily poweoms, whereas in other

export-oriented firms female workers used both hand power looms. It must be

emphasized that most joint stock firms were sulrestars for smaller weaving firms

and received fees of undertaking preparatory amdhing activities from other firms

within the districts. Such behavior is consisteith the theory of the division of labor

formulated by Stigler (1951), which argues that ohéhe main sources of the division

of labor is the different optimum scales of productin different sub-production

processes. In this respect they are far diffefierh the large export-oriented firms

18



established a few decades earlier. Based on tbgeabiscussion, therefore, we
postulate the following hypothesis regarding thegdafirms which emerged in the
mid-1910s.
Hypothesis 2: Several large joint stock firms foethdn the mid-1910s were
Schumpeterian innovators, who transformed Kiryu weg district by realizing
the scale advantages associated with the introdocbof power looms, factory
production, and electricity.

Let us turn to the characteristics of domestic keloriented firms.
Remarkable differences between 32 firms in Kirywricand 15 others can be observed
in female worker ratio, the number of looms, uselettricity, and holding of registered
trademarks in the 1900s. The formers were likelybe large WCMs employing
relatively many male workers without much interqbduction. In the case of a
leading WCM, called Goto Firm, about which Hash(i2007a) explores the relation
between adoption of new production organization tsauthnology choice, increase Iin
male workers in the mid-1910s was associated Wwehexpansion of out-weavers. Its
strategy was low volume production of a wide variet products for domestic market

by enjoying the advantage of agglomeration econsflie In addition, holding of

19 For the flexibility of production, NakabayashD() also admits that putting-out system using

hand looms had advantage in Kiryu until the 1910s.
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registered trademarks in Meiji Era indicates thédteo firms in Kiryu town were old

leading firms$®. They also began the introduction of power looms, percentage of
power looms were the lowest among the four gromp3able 3. For example, the
introduction of power looms in the above mentior®dto Firm was delayed and
occurred from the late 1910s to 1920s. This aceonegl adoption of factory
production system and giving up of producing a wideety of products unsuited for
mechanized mass production. Therefore, we advahee following hypothesis

regarding WCMs:

Hypothesis 3: WCMs became laggards in the eraeBithumpeterian innovation.

4. Econometric Analyses

In order to test the validity of the hypothesestplased in previous section, in
this section we estimate the regression functioqdaeing the number of workers,
female worker ratio, the number of looms, loom/vesrkatio, proportion of power loom,
sales revenue, and sales/worker ratio in 1906, ,184176, and 1918. Note that not all
the data of dependent variables are available @ryeyear except in 1918. Sample

firms are also different from year to year, so ttte panel data analysis cannot be

1 According to Arai (year unknown), around 100 tradeks were registered by firms, which are
considered mainly as WMCs, from the 1890s to tH@0%9
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applied. Thus, we estimated the regression funstsgparately in each year.
4-1. Specification of Regression Functions

Denoting the dependent variables mentioned abové by estimated regression
function is specified as follows:

Yii = ao + 0y(Edo period dummy); + ax(Operation years in Meiji era)it +
azx(Export firm dummy)it + 0x(Domestic firm dummy)it + as(Join stock
firm dummy)it + ag(Power use dummy)i+ 07(Wheel use dummy)i+
ag(Trademark dummy)i+ & ,

where subscripts andt refer to i-th firm and t-th year, respectiveby; are regression
parameters; aneis an error term. Edo period establishment durany the number
of operation years in the Meiji era for those firestablished in the Meiji period are
used to examine if the experience of weaving bssidfects the scale of operation and
productivity. We use three mutually exclusive fidammies, in which the base of
comparison is domestic market-oriented firms inyKitown (most likely WMCs):
“Export firm dummy” refers to export-oriented firms in 1906, 1910d&®915 and to
export-oriented firms other than joint stock firins1918; ‘Domestic firm dummy”

means domestic market-oriented firms located oetgidyu town;}? and ‘Join stock

12 Since there was only one such firm in 1906, it s@sbined with domestic market-oriented firms
in Kiryu town in the regression analysis.
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firm dummy” was used only for 1918 regression because these w@o few in
previous years. The dummy for trademarks regidterd 897-1907 period, which was
used only in 1918 regression, is expected to captbhe behavior of the leading
wMcCs

Problematic as explanatory variables are expart,folomestic firm, and joint
stock firm dummies, and power use and water wheeldummies, as they are likely to
be endogenous. Due to the paucity of exogenouables, however, we are forced to
use them as explanatory variables. To the exteatt they are positively correlated
with unobservable factors included in the erromtesuch as managerial abilities, their
estimated coefficients tend to be over-estimatethus, we can hardly assert the
causality from the estimated coefficients of theagables. What can be conjectured
Is association or the correlation of the varialdésur interest. Another caveat is that
while we apply the ordinary least squares regresswen depended variables are
continuous, we apply the tobit estimation methodemvhdependent variables are
truncated, such as the number of looms and loonk&vaatio, which include zeros.

Since export orientation is expected to be posytiassociated with the scale

of operation, particularly in early years, the dmefnt of export firm dummy ds) is

3 We use ‘trademarks registered by firms in the Magls (from the late 1890s to the mid-1900s)’
shown in Arai (year unknown).
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expected to be positive and significant in 1906 batomes insignificant or less
significant in the regression equations dealindhilite scale of operation in later years,
if Hypothesis 1 is correct. On the other hand,expect the coefficient of joint stock
firm dummy @) to be positive and significant in the employmehng number of looms,
and revenue functions in 1918, if Hypothesis 2 asrect. Finally we expect the
coefficients of all three firm dummies in the profpen of power loom function to be
positve, as WMCs were inactive in the introductioh power looms according to
Hypothesis 3.
4-2. Estimation Results

Table 4 shows the estimation results for 1906,01%nd 1915. Several
important observations can be made. First, nettbefficients of Edo period dummy
nor those of the operation years in the Meiji era significant in any regression
equations’ These coefficients are not significant, either, 1918 to be shown in
Table 5. These findings indicate that the merelpecton experience did not affect the
performance of weaving firms. Second, export folommy is significant in all the
four regression functions in 1906, it becomes im§icant in the regression of the

number of workers in 1910 and 1915, and its caefficis negative and significant in

* The results remain qualitatively unchanged, ef@reiexcluded the operation years in the Meiji
era.
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the sales per worker regression in 1915. Therksilt strongly suggests that sales

revenue per worker was significantly larger for Wdl®ecause they use out-weavers

and other sub-contractor. On the other hand,nisact on female worker ratio is

significantly positive in all three years, suggegtthat female workers were employed

to operate large lots for producing export productdote that the magnitude of the

coefficients of export dummy in the regression leé humber of workers are not so

different among 1906, 1910, and 1915, even thougiset in 1910 and 1915 are

insignificant, which indicates the larger variagorof employment size in the

export-oriented firms in these latter two years.hud, it seems clear that the

export-oriented firms chose large-scale factorydpobion system initially, while

employing relatively large number of female workdpsit they failed to realize and

maintain scale advantages, as is reflected imsigmificant effect on labor employment

and sales revenue and even negative and signiidfett on sales revenue per workers

in 1915. Such results are substantially differeatrf the case of joint stock companies

to be examined from Table 5. The other side ofsdm@e coin is that leading WMCs

prospered in this period. These results are camtigvith Hypothesis 1.

Third, power use dummy has significantly positiieees on the number of

workers in all three years, the number of loom4d906, and sales revenue in 1915.
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Note that the source of the power was steam in 18@b6 1910, but it was almost

completely replaced by electricity in 1915 (seel@ab). Also note that since only

large export-oriented firms used the steam poweildA6 and 1910, the combined

effects of export-orientation and the use of stpamer were extremely large. Thus, it

appears that large export-oriented firms attempezhjoy scale economies by adopting

the vertically integrated production system witle tihstallation of large steam-power

generators. Since the magnitudes of coefficierftsp@ver use dummy in the

regression of the numbers of workers are similaoragrthe three years, it is doubtful

that the replacement of steam by electricity broughout large changes in the

employment practice immediately. Fourth, dummydomestic market-oriented firms

outside Kiryu town is insignificant, which indicateéhat the behaviors of WMCs in

Kiryu town and outside were not substantially difet in 1915. Finally, it must be

pointed out that three of the coefficients of watdreel use dummy are positive and

significant in 1906, suggesting that in the absesfcelectricity, water wheel was used

to expand the scale of operation and adopt thdataptensive production method not

for weaving but for other production processes.

Table 5 exhibits the estimation results of reg@ssfunctions in 1918.

Interestingly, joint stock firm dummy is positivelgorrelated with the number of
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workers, number of looms, and sale revenue, as aslfemale worker ratio and
worker-loom ratio. Moreover, the coefficients ihetregression functions for the
number of workers, number of looms, and sales @veme comparatively large, which
strongly indicates that newly established largentjostock firms sought the scale
economies. In fact, if we compare joint stock rmnd other export-oriented firms
shown in Table 3, revenue of the former, on averageeeded the latte by 16 times,
whereas the number of workers is 12.5 times anatimber of hand-loom equivalent
looms 13.4 time$® indicating the strong scale advantages of the dorover the
latter’® These results support Hypothesis 2.

Somewhat unexpectedly, the effect of joint stockfon the power loom ratio
is insignificant. This is because all the joirdclt firms used powers and, hence, their
use of power looms is captured by the power usentjurAlthough the difference is not
statistically significant, it is noteworthy that efticient of joint stock firm dummy is
smaller that that of non-joint stock firm dummy time loom/worker ratio regression.
This is likely because joint stock firms servedsad-contractors for other firms by

carrying out preparatory and finishing processdsclwvdid not use looms. This may

15 According to Hashino (2007c), price of power loass around 300 yen, whereas that of hand
loomwas 2 yento 5 yen. Thus, the price ratio @@t 150.

' Note that these firms did not contract out subepsses, so that the revenue was generated by
own production activities.
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result in the negative and larger coefficient ahfcstock firm dummy in the sales per

worker regression. This negative coefficient adl we the negative and significant

coefficient of non-joint stock export-oriented firsummy in the sales per worker

regression indicates that WMCs in Kiryu town ack@vsignificantly large sales

revenue perown worker due to the outsourcing to out-weavers andcigpzed

subcontractors.

The effects of non-joint stock firm dummy are semito those of joint stock

firms except for the size effects on the numbewrofkers and looms, and sales revenue.

Moreover, the magnitudes of its coefficients in theale worker ratio, loom/worker

ratio, and sales per worker regressions in Tab&essimilar to those in Table 4. It

appears that non-joint stock firms are not sigaiitty different from the

export-oriented firms analyzed in Table 4.

The results examined so far imply that WMCs empiogenaller number of

workers, used fewer looms, particularly power lodifable 3), and lower sales revenue

than joint stock firms but attained much higher emmve per worker due to the

subcontracts with out-weavers and other specialsg@contractors. WMCs in Kiryu

town, however, were different from domestic markeénted firms outside Kiryu town:

WMCs in Kiryu town employed relatively more labandaless power loom (Table 5).
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This is consistent with Hypothesis 3 that WMCs wless active in the introduction of
power looms, mostly likely because of their estli®d and at least formerly successful
subcontract-based production systems

As may be expected, power use dummy is particuidgificant in the power
loom ratio function. As Minami (1977) emphasizéw electrification promoted the use
of motor-driven machines in Japan, which led tadaecentralized industrialization in
the early 28 century Japan.

Although this study does not analyze the develogroéthis weaving district
in the subsequent periods, it is known that WMCtually followed the factory
production system introduced by the joint stocknBrand used power looms, which
meant the demise of the out-weaving systems inrfafofactory systems in this

weaving district (Hashino 2007a).

5. Conclusion

In this study, we focused on the performances of three types of firms
which contributed to the weaving production in Kiryu in the early 20th
century. Changing phases of production were characterized by the concepts

of Smithian growth and Schumpeterian development. Expansion and
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sophistication of division of labor supported Smithian growth, in which
domestic market-oriented WMCs played a major role. Introduction of
power looms and factory system were the major drivers of Schumpeterian
development, which was promoted by large, export-oriented joint-stock firms.
Three hypotheses regarding the performance of the three types of firms were
tested by regression analyses, which reveal strategies of WMCs to utilize
sub-contracts, the pursuit of scale economies by export-oriented firms, and
the importance of electricity to facilitate successful adoption of power-looms
and factory systems. Although the rise of wage rates in the 1910s would
have affected the introduction of power looms and relative advantage of
factory systems, our study cannot identify its effect due to the cross-section
nature of our data sets.

We would like to conclude this study by identifying two major
remaining issues for further research. The first one is concerned with the
importance of Smithian growth. Of course, division of labor in various
industrial clusters were widely observed in developing economies,
particularly in the early stage of cluster development (Sonobe and Otsuka

2006, 2011), but its role has not been highlighted. In the case of Kiryu,
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WMCs are worthy of being called entrepreneurs promoting Smithian growth
by organizing specialized production systems. Historically, they were
engaged not only in manufacturing but also in marketing, designing, quality
control, and making trial samples (Uchida 2002). In other words, WMCs
played the role of traders, who are essential for linking producers with
markets. Although they were not so keen about breakthroughs, they
effectively utilized existing resources in local community, e.g., cheap rural
labor, based on mutual trust (Hayami and Godo 2005). When the trust was
insufficient in mobilizing collective action, support of local trade association
or local government became crucial for strengthening agglomeration
economies (Hashino and Kurosawa 2011). It seems worth exploring the
extent to which Smithian growth lays foundation for the development of
industrial districts in its early stage of the development

Another issue is to explore how Schumpeterian development emerges
or what types of entrepreneurs play a role of Schumpeterian innovators.
Three types of innovations were observed in our study site; process
innovation (e.g., introduction of power looms), product innovation (e.g.,

introduction of new products for export), and organizational innovation (e.g.,
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introduction of factory systems). Establishment of joint stock firms and
utilization of division of labor also fall under the organizational innovation.
Since the introduction of power looms and suitable products for mechanized
production, the adoption of factory systems, and the emergence of joint stock
firms are so closely interrelated with each other that they took place
simultaneously. Thus, successful innovations seem to require managerial
capacity to carry out a variety of component innovations. What type of
human capital is needed for such innovations must be clarified through
further historical research and research on the contemporary development of

industrial clusters in developing countries.
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Figure 1. Changes in real value of production, employment, and labor productivity in Kiryu,
1895-1930 in semi-log scale (Index, 1895=100)
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Source:History of Weaving Industry in Gunma Prefecture f@aken Orimono Enkaku Chosash{®B95-1901)Statistical Survey of Gunma Prefecture
[Gunmaken Tokeishdpfter 1902).

Note: For realized value, we used price index éottile products in Ohkawa, ket al. Estimates of Long-term Economic Statisticslapan since 1868
(LTES) : Price(Tokyo: Toyo Keizai Shiposha), p.192.
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Figure 2. Changes in the number of out-weavers and other production organizations
in Kiryu, 1901-20
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Figure 3. Process of producing silk fabric (left) and specialization organizing by WMCs (right) in Kiryu around 1910
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Table 1. Average Characteristics of Weaving Firnith the Employment of More Than 10 Workers in Seddcrears from 1895 to 1918

1895 1899 1903 1966 1908 1910 1915 1918
No. of firms 10 10 31 28 27 68 64 88
Year of establishment 1851 1876 1867 1869 1868 1879 1876 1881
No. of workers 98.5 91.5 33.1 47.2 23.2 29.5 28.4 39.2
Female worker ratio (%) 81.2 84.5 77.4 77.5 77.3 69.7 68.3 68.6
No. of looms - - - 17.5 12.5 - - 26.5
Loom/worker ratio - - - 46 A7 - - 24
Sales revenue (1,000 yen) -- -- -- -- -- -- 52.3 358.3
Sales revenue per worker -- -- -- -- -- -- 1.8 9.1
(1,000 yen)

Sample size of the original data is 28, including targe firm whose number of workers is 697.

b. Computed while excluding a large firm with 697 werk

c. Computed while excluding those firms whose estabient years were unknown: two firms were exclugedd03, 1915, and 1918; three firms in
1895; four firms in 1906; and five firms in 191h& excluded firms are likely to be very old.

d. Ratio of the number of female workers to the tatahber of workers.

e. Not available.

f.  The proportion of power loom is 78.4%.

Source: Yearbook of Promoting Industry in Gunma Prefect{ir®95,1899, and 1903gtatistical Survey of Gunnma Prefect(i®06 and 1910)and
Factory Surveys [Kojo Tokeish@hdividual data, 1915 and 1918).
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Table 2. Comparison of Export-Oriented Firms witth€ Firms in Kiryu Town and Outside in 1906, 1940¢d 1915

® a0 o ow

Number | Average | Number | Female | Number Sales | Percent of| Percent of]
of firms year of of worker of revenue use of use of
establi- | workers ratio hand (1,000yen) | steam water
shment looms power§ wheels
1906:
Export-oriented firms 16 1889a 71.8 83.1 26.9 -e 12.5 25.0
Others in Kiryu town 11 1874 14.5 67.9 4.6 0.0 54.5
Others outside 1 1600 15.0 86.7 9.0 0.0 0.0
1910:
Export-oriented firms 31 1895b 45.4 78.4 12.9 22.6
Others in Kiryu town 24 1881 17.0 63,0 0.0 41.7
Others outside 13 1873b 15.2 70.0 0.0 0.0
1915:
Export-oriented firms 19 1893¢ 48.5 73.6 64.9 68.4 21.1
Others in Kiryu town 34 1890¢ 20.8 66.1 47.8 41.2 50.0
Others outside 11 1887¢ 15.5 72.0 39.1 0.0 217.2

Not available.

Figures in 1915 show the percent of use of elegiric
Source:Statistical Survey of Gunnma Prefect(806 and 1910) arfdactory Survey1915).
43
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Table 3. Comparison of Joint Stock Firms, Exporie@®ed Firms, and Other Firms in Kiryu Town and $e in 1918

Number of | Average | Number of Female Number | Percent off Sales Percent of | Percent of
firms year of workers Worker of looms power revenue use of holding of
establish- ratio looms (1,000 electricity trade-
ment yen) mark in
Meiji era
Export-oriented firms: 41
Joint stock firms 5 1914 316.0 78.2 193.2 73.6 816.2 80.0 0.0
Others 36 1891a 25.2 84.1 19.8 53.3 50.4 75.0 2.8
Other firms: 47
In Kiryu town 32 1887 21.2 62.0 12.4 32.9 85.4 62.5 34.5
Others 15 1891b 19.3 73.0 17.6 39.1 74.3 33.3 6.7

a. Two firms whose establishment years were unknowre wgcluded.

b. Three firms whose establishment years were unknesre excludes.

c. Inthe case of firms which do not own any loom,agsume that percent of power looms is zero.

export-oriented non-joint stock firms, 13 amather firms in Kiryu town,

Source: Factory Survey(1918).
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Table 4. Estimation Results of Regression Functioqsaining the Number of Workers, Female Worketi®and Other Performance Indicators at the
Firm Level in 1906, 1910, and 1915

1906 1910 1915
No. Female No. Loom/ No. Female No. Female Sales Sales
of worker of worker | of workerg worker of worker ratid | revenué ® per
workerg ratio™ © loomg ratio” ratic® ¢ | worker$ c worker !
Edo period dummy -5.18 A2 -3.00 -.00 -23.90 .04 -11.34 -.04 -18.41 312.89
(-0.62) (1.52) (-0.50) (-0.02) (-1.21) (.49) (-.60) (-.46) (-.54) (.66)
Operation years in .05 .00 .06 .00 -74 .00 -.23 .00 -.54 9.25
Meiji ere’ (.75) (.29) (1.45) (1.68) (-1.18) (.84) (-.48) (.08) (-.20) (.75)
Export dummy 16.17** .153* 19.65** .38* 17.49 29%* 23.70 22%* 11.27 -1326.00**
(2.28) (2.30) (3.59) (3.88) (.96) (4.71) (1.72) (3.75) (.45) (-3.81)
Domestic outside dummy 9.59 .03 5.18 .08 10.37 345.48
(.45) (.40) (.28) (1.05) (.32) (.76)
Power use dummy 41.44* 0.06 29.28** 10 30.48* -.10 24.58 .01 52.74* 658.93*
(3.54) (.06) (3.45) (.64) (1.94) (-1.56) (1.72) (.17) (2.04) (1.83)
Wheel use dummy 13.89* .06 14.61** .24* 2.62 -.00 1.99 -.08 7.41 35.55
(2.19) (.18) (2.99) (2.70) (.16) (-.07) (.14) (-1.39) (.02) (.10)
Intercept 5.51 .66 -9.00 .09 26.41 .55 14.99 .64 33.31 1986.18
R .540 .378 .166 .302 .148 278 110 .265
Log-likelihood ratio -89.48 071
Sample size 27 27 27 27 68 68 64 64 64 64
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Numbers in parentheses &statistics** and* indicate significance at 1% and 5% level, respetfj\according to one-tailed test.
OLS regression.

Ratio of the number of female workers to the tatahber of workers.

Tobit regression.

Unit is 1,000 yen.

Unit is yen.

Operation years of firms established after the MRgjstoration in 1867.
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Table 5. Estimation Results of Regression Functioqsaining the Number of Workers, Female Worketi®a

and Other Performance Indicators at the Firm Levép18

Number of Female worker]  Number of Power loom Loom/worker Sales Sales per
workerg ratio™® loom¢g' ratio™® ratio” revenud © worker
Edo period 5.48 -.02 4.91 .09 .01 12.80 -643.32
dummy (17 (-.37) (.22) (.41) 07 (.13) -.77)
Operation years in .52 -.00 .51 .01 .00 1.72 -18.49
Meiji eras (.67 (-.18) (.97 (1.68) (.61) (.73) (-.94)
Joint stock 295.57** 19% 192.86** .40 .38%* 737.00%* -3258.42%*
dummy (6.26) (2.10) (6.12) (1.49) (2.48) (5.16) (-2.71)
Non-joint stock -.69 26%%* 21.14 .16 43%%* -23.08 -2190.37*%*
export dummy (-.03) (5.62) (1.23) (.99) (5.21) (-.31) (-3.52)
Domestic-oriented 5.02 16%* 25.12 B63%* 17 12.22 -662.58
dummy (.16) (2.70) (1.17) (2.54) (1.69) (.13) (-.85)
Power use 14.16 15%* 32.47* 1.59%* -.12 38.06 -986.49
dummy (.60) (3.34) (1.99) (6.04) (-1.51) (.54) (-1.65)
Wheel use -16.57 .06 8.02 -.445 25%%* -62.92 -1448.19*
dummy (-.60) (1.14) (0.42) (-1.91) (2.73) (-.76) (-2.07)
Trademark -7.70 -.08 -20.55 -.35 -.07 -13.90 1179.26
dummy (-.24) (-1.26) (-.89) (-1.42) (-.61) (-.14) (1.42)
Intercept 0.23 54 35.78 -1.20 -0.2 46.85 6254.28
R2 .394 455 313 257
Log-likelihood -405.64 -48.36 -22.71
ratio
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Numbers in parentheses drstatistics. ** and * indicate significance at 1%da5% level, respectively, according to one-taiiest.
Sample size is 88.

OLS regression.

Ratio of the number of female workers to the totahber of workers.

Tobit regression.

Ratio of the number of power loom to the total nembf looms including hand looms.

Unit is 1,000 yen.

Unit is yen.

Operation years of firms established after the MRgjstoration in 1867.
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