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1. -Introduction L..
 

Much Iof the idiscussion 'in. academic-as wel! 'as policy-making circles 

over_ t elpast decade,,or.s6 on the subject of DC technology, choiceand 

technology :change hawsfocussed fbn .two;:questions.', First, there:has been.j 

a prolonged debate -on the Sexistenceor tion-existence of.viableai alternatives 

in producing a-,given commodity; 1and second assuming some! alterniatives. ... 

do exist, ',much attention 1theVsocialdepartures.has beeu paid to cOSts'of. 

from the use of technologies mostiappropriate;;to. a! country s:'resource . 

endowment, as a) consequence of !the distortionof, relative ,factor prices. 

,We Enow seem tb haveo reached a- general? consensus wth respectg;to: 

,the-..firstequestion,,that, indeed'awide ,range of technical alternatives­

does' exist ininat're, ceritainilyinthe discrete process"iuustries, 

de per phrAlp1Ai'n-relateC
and that the capacityito"exercise loice in p r pa 

acti ties.'f ten lexstseven "incontinuous process itidusties With 

respec t'tothe second question; tdhr'i'sstill'lsdof a .co.nsensus 

" "i" " ' pn"; acorand -wr'",wpr ih-:dg ;importanei i a duc h ' toons'"" :regarding therelative impoftdi '"offd p c 

as oo to'other"less'conventiona 'fores aii' ork :which' iuipine' n 

the tecnnoogical cnihdces actuaily',rendered "at thend.v'duai entrepreneurw 

ial level 

See for example, D. Morawetz,."Employment Implications.ofIndustrial
 
ization. in Developing Countries", Economic Journal, September, 1974 :and . 

-

G.Ranis, "Industrial Technology Choice and Employment:. AReview.of Developing:
Country Evidence," Interciencia,'Vol. 2, No. 1, 1977. 

While this paper represents a collaborative effort, Ranis had primary: re­
sponsibility for Sections I, II and V and Saxonhouse for Sections IllIand IV.
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Mutch of the past ,.research...eff ort. in eithero.f theseTdimeniions ': 

has been focussed on recent LDC ' experience ' most-ly 'Of ,thef in ustrl 

cross-section or the case study 'variety. This paper endeavors t,4 

46:contribution to our understanding in these areas via examination 

of the historical laboratory, that of the Japanese textile industry'risi, 

of' the Late nineteenth and early; twentLeth, centuries'" whichiowe believe 

to be ee t!o°hpoeii,'and opportunities' facingi .today's LDC,"s 

in teims ofithe"'cbmparab'ility ein the' :basic ifactor;endowment:situation:. 

Thisirfather'.: unique 'oopportunity...: a forded: us,'iv large• part 'by ,thi 
existencef-arare :set of,good firm levelfdata for:the entire industryq 

going back to,1891 '(for some-,purposes at,'least to :'906)'.collected by 

the6'Japan:Cotton .'Spniners Association. ,(Boren) 

-Th i'first %'topic3to be dealt ,with. in'.this3,paper .(Section II), focusses,' 

on thechoice'of ftechnology4in Japanese cot ton..industry during- the-late nine­
teenth'icentur:inn effort evaluate the relative, portance. . conventional 

and non-conventional elements of,the environment governing such choice 

Two major technological changes In thespinning industryand,ther 
ned contexts adopin mli 

rapid diffusion will.be examined in thi ontext, the, d tion..of multi­

pie shifting )in1882-1884.associated with a decline in the average ,yarn, 

count, andthe ,sWtcb from.mule to rng .techologya few. as later. 

pa v.,
887-1889). twill be, found that.the Ja e 

onspnnngpocessescabe tter understood Yf,
 

int~~hieof 8ot0,bte 

we examine it in the context: of linked innovations in cotton mixing,
 

in one direction. of the production chain,and:in weaving--as induced.
 

by changes in demand conditions--in the other direction.
 



The resulting changes in-domestic .and international .cometitiveaess
 

of the Japanese textile industry,can' be demonstrated by the overall
 
.. ' 0 '.1 ' ' W1. " '1, . .. - 'S U" j... , 

performance of yarn and cloth production and exports over time. In
 

exPloring the importance of non-traditionhl as well as traditional factors
 

inthe context of Javanese tec1noloev ehanea ant Alffiuz4nn_ i % 1,-ae 

with the Indian textile industry of the same period will be found to be
 

Instructive.
 
r 

14e:.'second topic to-be dealt.: with (Section III) fbcusSes on the 

issue Of thfe addtion a of thechnolo choi ce opened up in 

nature when we permit' quality vaiiation to take place in at lea1et tw 

dimensions,: i.e. the qualty of the raw material input--in this case
 

raw cotton- d the 'qalityof the intermediate output-in this case
 

r
yarn count. The' propositon"' being Bted 'here is t hat, regardless of 
how _fin the belief in fied proportion' technologie&still" in" certain 

quarters, once we aduiiof substitutability among some attributes of a
 

commodity,deflired as a homogeneous good at a certain standard level of
 

industrial ciassif caio'the substantial variability of the demanc 

for unskilledilabor',per unit of capital, for example, can be demonstrated.
 

Put more positively, we hope to be able to demonstrate here the addi­

tiona- e tygained, iterms of the use-of surplus unskilled labor,
 
... . . . . ... 
--- .
 ',5' . . .5. ,,,*. '­

when.we--are able to make relatively small changes, either in the quality 

of the raw cotton input or in*the'quality of the yarn count produced. While 

economists havefoind it"analytically convenient t'o, at ieast"implicitly, 
deal with interediate inputs 'and outputs of i specified quality, we" 

know.that the real world does not quite operate like that, and that,.in
 

http:that,.in


fact, some specification changes occur at any credible SITU level as we 

move, say, across large and small-scale firms or over time. Treatment 

of this phenomenon is, moreover, essential if we are to get a better
 

quantitative handle on the notion of "appropriate goods" which is but an
 

extension of the concept of "appropriate technologies" in a given context.
 

Once variability in the specification along' some dimension, of quality is 

permitted, at appropriately varying relative prices, the acray of choice 

a:available to consumers, especially in the\ domestic market, ,can become 

conscious decision variable either from t e social point of view, tc 

avoid the overspecification of goods while Imoving towards fuller employment 

of labor orat' the individual consumer level,, to clarify the trade-offs 

among -attributes within a particular relative, quality and price vector.. 

Finally (Section IV), this p'aper addressesa closely related.issu, 

namely an analysis of the quality dimensions, underlyingthe abor market in 

which the Japanese textile mills were ope1ating. 1
 

others have long argued that labor surplus contemporary LDC's do
 

not necessarily have abundant supplie__\ reliable and disciplined, 

workers. Conventional two factor production function analyses usually
 

exhibit limited substitutio~n possib11it~es between capital and labor
 

when such work force traits as age, experience, and education and such
 

job characteristics as length of shift, injury incidence and non-wage
.5. .I 57 1,[!! y... 

benefits are held constant. In the absence of a general equilibrin 
,, :ma.... ad, 

production function inwhch-all demnd and supply yariables.rare 

'Alexander Gerschenkron, :Economic Backwardness in Historical. Perspective, 
Cambridge, Mass.:, 1962... 



pemitted to,be simultaneously .djustable, we have, in this section,
 

held non-labor inputs constant and explored the ,conditions for equilibrium
 

in thelabor market,on the assumption that the kind of,,modern labor-using 

technology employed in the Japanese cotton textile industry required the 

recruitment of an effective disciplined as well as qualitatively differ­

entiated work force, 

rextile industries at comparable stages of development across 

countries differ markedly in their rates of turnover, absenteeism 

and.in their labor,sex and education mixes. Such differences reflect the 

as linked to theIntersection of firm demand and labor supply patterns 


alternatives available in terms of alternative factor proportions, on the
 

one hand,"and alternative job opportunities, say in agriculture, on the
'
 

other. What is especially interesting in the Japanese case is the unusual
 

"quality" of the labor force as conventionally measured inlow overall 

terms of the attributes mentioned, side by side with the undoubted com­

this very labor int~nalv6petitive success--at home as well as abroad--of 

industry. Our investigation here will hopefully shed light on'som 

.of the Important non-conventional dimensions of labor quality. 



•" - ' oice,of Imported Technologoy*andthe
 

rhe problem we have set for ourselves in this section 2g to attempL; 

. an of 'the choices made in the 19th century Japaneseexamination technology 

cotton spinning industry at the individual firm level 
and of the associa­

't~dmachinery import and internal adaptation and diffusion processes. 

leads US not only to examine the technological
-This effort inexorably 


extend 
choices made'within the Japanese spinnitig industry Over time but to 

our.,scope, on the one hand, to contrasting the behavior'of 
Japanese cotton 

spinning-mills with those in India and, on the other, 
to examining re-"­

changes in cotton weaving technology and the demand for more or less
 

goods.. The why of this behavior patt(
"appropriately" specified fin1 

in terms of different economic and non-economic conditions in .the two 

countries over time is,. of' course, of the essence in 
terms of the broad,-­

relevance and meaningfulneis of the particular experience under examination.
 

while this researchis essentialy in the qualitative/historical 
mold,its
 

to shed important a4itional light on contemporary LDC problems
purpose is 


of technology choice at the mi'ro .evel.
 

In Section-A we briefly d scribe the "initial" (circa 1880) 
technological
 

state of thearts in cotton .spinning and weaving 
in both Japan and India.
 

ortant technology changes and adaptations
-n Section B we analyze tie 

c an ee sbtnal
ulg:h '180sb
"., •no.o"y 


but weresubstantially
 

..!i: we an 


:which occurred rapidly iAl Jap during the; 1880 9 

yednIndia. "in Sedtion JC we.attemptto.move towards an explanation 

ofthis divergent behavior in'-terms of the,idi~ferential environment facing 

entrepreneurs in:: the two O re 



A. Initial-State of the Arts, 

When referring to the "state of the arts we shall have in mind a 

broad defiliition in keeping with the basic hypothesis 6f this total 

research effort, i.e. that changes in the qurlity dimensions of inter­

mediate ,inputsand of outputs may be crucial to the wideningOf.the 

possible choices between the use of labor and capital. Accordingly, 

we 	 note ,that prior to 1882 

a) ,Mule spindles were in use almost exclusively in Indian 

cotton spinning; Indian mills used short staple local
 

(Indian) cotton to produce 16-20 count yarn; the Japanese
 

still produced part of their needs .(60Z) by traditional
 

garabo or domestic hand-spun methods and imported the rest'
 

mainly in the form-of 20 count yarn, from India. To the
 

extent there was machine spun production this early the
 

Japanese used mules almost exalusively.
 

b) Indian spinning was characterized by the use of a single 

shift (11 hours) and mostly male workers.,,,' JapaneseI ,.?.. r, :I' 

machine 'spinningat that time was similarly characterized 

by the single shift and the predominance of male workers 

c)YWth respect to the specification of the,desired final 

(cloth) goods the Indian home market was' interested in 

relatively wide or "strong" cloth; the domesti&"Japaiese" 

market ;wasinterested i inelatvely. narroworwarm". cloth. 

with a relatively modest demand forf the,,importation of 

estern-style wide cloth. 



W. 	 Technology Change and "daptation 

Maijor changes in the cotton spinning technooIogy"in us.e !W-Japan­
us
 

occured durnig the 1880's.. Unfortunately, the data available 
give 


the 	latter half bf that decade )capturing theimpact of
 a pictuIre only 

will 	 be ihiAt'4. -­

se 	 ond"~~~-

second of two major technolbg cal shifts,7 'as l1 bjeindicatedonly the 


below. A6 Tabl61 demonstrates,the changes whi h were initiated'after
 

We

1885: may'be cha erized as'.efficfently labor-using in character. 


have here a substantial decline in the capital-labor ratio, ie. rather 

dramatic capita1 shallowing 1between 1886-1890 and 1891-95, C6bined with 

r',e~n bilqig b 'cap6'it69upu d'tio9 

tdehlih ' ratio, Ipital-ouuttInnovational an equally marked the 


Intensity, was clearly sufficient to provide an incriease 'in 1abor pro­

ductivity in' spite f strongly labor-using 	bias -of the techhology 'changes 
favorable outcome with respectadopt.ed. 1 'All of thisadds \up to"a highly 

'' bSoth output 'and elyt' objectives in a lalbor surplus economy.... 

It is,moreover, quiterare in ;the annals of LDCindiiializationcontext. 


efforts and thus warrants our- full attention. ..
 

The overall changes in technology in Japanese cotton spinning which
 

,occurred,
duringthe 1880s, partly as the result of major innovations,
 

partly resulting from less spectacular adaptations, can be convniently
 

divided nto tw distinct sub-phases, i.e. chnges assoated with the then
 

still predomiiCait use of the inule (i882-1884), and" chan"es' assodiata
 

'For an effort to decompose the contribution or innovariona-i xneusi'y 
and bias 4ihi -n'.the "context of' Japaneseindustrializatlon overall see'J.C.

H . Fei 

and G. Ranis, "Innovation Intensity and Factor Bias in the Theory of Growth, 

International''EcohomCt Review, May, -19650. 

http:adopt.ed


Table 1 

The Japanese Spinning Industry: An Aggregative View
 

-Year Capital Labor '-Output Capital- Capital- .J Labor 
(yarn in kan Labor Ratio Output Ratio Productivity(average (Average working (Op rattves,

anmual) spi per day) - 'male- &female) -per day) 

1886-90 148,516, 5,992 7,887 24.8 18.8 1.32 

-9 406';419 29,178 42,902 13.9 9;5 1.47 

1896-1900 1,013,987 57,857 105,176 17.5 9.6 1.82 

1901-05 1,296,471 67,840 120,256 19.1 10.8 1.77 

!!1601 1,614,581: 80;852 149,419 20.0 10.8 1.85 

1932-15w 72,331,236 109'228 242,847 21;3 9.6 2.22, 

1916-19: 3,354,972 147,251 303,409 22.8 111 2;06 

Source-', Nippon-Teikok'4Tokei NCinkah (The Japan Annual Statistical Report) No. *10-40, Japan Cabinet Stat. lur,
 
Tokyo.
 



With the: shift fromile to ring (1887-1889,).
 
Turning to the firstisub-period of this overall phased .technological
 

adjustment, i.e. 1882-4884, we find .the following changes taking place:
 

a)	Adoption of two shifts of 11 hours each in replacement of
 

one such shift,, iipl ying,an,,,almost having of the capital­

'laborratio ini the core spinning process. The simultaneous
 

shift from water to the use of the steam engine as the
 

main motive power provided greater reliability; together'
 

with the high 'evel of electrification already achieved
 

and the availability of sufficient supervisory personnel,
 

itmadc this dramatic intensification of capital use,
 

possible. Thelabor force continued to be .predominantly
 

male at this point,
 

b)	Shifts from a mostly 20 to alower 12"16-count yarn production.
 

Such lower machine-rproduced counts gradually replaced higher
 

counts imported from India as well as produced at home 'and
 

were better suited Ito the' more "appropriate" .(for_. Japa's 

cooler climate); narrow cloth-requirments;. The continued ise 
cole
lia :
 

of improved domestic hand-looms in the production of wide' 

cloth (see below) was also facilitated by this shift.
 

c)	Given the relative decline in both garabo hand-spun doliesitic 

yarn and of high count Indian,yarn imports, an improvement 

in-the traditional weaving technology, through tlie adoption' 

of Batten ,and Jacquard-ddikived improvements on the traditioal
 

hand-loom. These iiprovements were characterized by the
 
'additio"n. f "y 	 p 

•addition of a roller so ,that,the .difficu1t task of pushn 



the shuttle back anai forth by hand as the weft!is -carried
 

through the warp was considerably eased and made more accessible
 

to lower quality female labor. A second,even more important,
 

Improvement, pertaining to the Japanese version of,'*the Batten, 

was the substitution of wood 'for "themetal used in'France 

This cut capital costs by 50Z and accomnodateda I"er'c'ount 

yarn, but' due to the resulting increased vibrations, al 

lower quality of cloth in the strength dimension but. suitable 

for the greater warmth dimension associated with the'narrow 

cloth, resitlted.
 

In India meanwhile, although much of the international equipment 

was the same, such domestictechnblogical adjustments were either 

totally absent or much slower in diffusing throughout th6ihdustry. With 

per capita income levels lower than Japan's and a labor surplu imore.:.,

extensive than Japan's we may note (see. table 2) that we encounter here
 

no similarly marked decline in capital-labor or capital-output ratios
 

over the same period.1 It is true that Indian mills did not bec.ome
 

more capital-inteniive over time as is customary in contemporary development
 

What we-have instead is capital widening associated 'ith a virtual
contexts. 


constancy in labor.productivity, i.e. a standing pat, technologically
 

speaking.
 

N~ote that since the units and definitions differ,! the Absrlute values 
of Table 1 and 2 are not comparable. We are referring !only to Lthe trend, 
differences within, eac1,. 



Table 2 

The :Indian Splinfrg4 Tidustiy: AffhgrgtveVe 

Years JCapital Lao uptCgpital CapitalLao 
spindles -! # iorkirs (yarn fin mllions- Labor tio Output Ratio, Productivity 

of pau*)~ 

1895-1899 4,406,692 150,210 .4576 29.3 9,630. 3.05 

1899-1904 5,038,144 176,256 518.9 28.6 9. ! Q" 2.94 

1904-1909 59661,082 213,542 641.8 26.5 8-821- 3001 

1909-1914 6,553,248 244,394 646.8 26.8 ;132! 2.65
 

1914-1919 6,778,774 278,396 666.2 24.3 10,175- 2.39
 

All'figures ae average anual.
 

Source: Reort of the-Indian Tariff Board. (Cotton Textile Industry Enuir) 1927 Vo1. .I p94 & p&2,4330?'
 



Chart 1
 

Origin of Raw Cotton Imported into Japan
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Reinforcing-this impression at the more aetallea or omeaggregare 

level , we note the absence of changes equivalent .to those taking place in,, 

India;pan during the 1882-1884 period; the' single shif"t was,maintained 'in. 

as was the predominance of Rale _workers,.-Not till. ater the' turn .ofth 

the ma'chiie wOrking day expanded to 15 hours.century-was 

In the wake, ofl,the second sub-period:,of technoloica±.. aajusr-menr. in, 

,Japann the Japan/India sts grew even more pronounced. 

Specifically, the. following rather dramatic ,changes occurred in the Japanesi 

cottonitextile industry:, 

A )i, almost :total switch from mules,: to rings coupled with the 

mainten.ce of the 12-16 count yarnempasis;and of double­

shifting. 

b) A:substantial increase in ,the amount of unskilled workers per 

(1887-1889) cOntras 

machine as well as a decisive shift from male to female labor. 

e)"Associated with the mule-to-ring switch,, the adoption of cotton.,miking iechfiiques:which.pr t ,-,"s or" 
ermtteda shor (on the average) 

staple than it.had been thought possible to be used on the
 

ring machinery, with more labor to repair the additional 

.,broken ends. 

The ring machinery clearly had. the advantage of accommodating 

substantially more workers:. per spindle as wel:l, as; requiring less brawn 
per worker. Moreover, the ring cold, be at higher spe, an 

,again more labor intensively, for the same yarn count,. up,'to a:counf 

of -approximately 40, after !which'I oint the mule: continued to be more 

"efficient. :, Thus the ;-pattern "of high turnover/i-wage "'(little'l-seniorIty) 

http:iechfiiques:which.pr
http:mainten.ce


o5 -. 

female labor could be increasingly adhered to .(see Sectionr '.,Moreover, 

the shift to cotton mixing itself. a labor intensive operation, tmadeit 

possible to marry the use of the. ring to'a lower average staple andad(­

.tional labor inputs. While, cotton,.mixinig d:: been employd elsewhere, 

the'.Japanese were able to avoid a substantial:increase-in average. staple 

length accompanying the switch from mule ,io ing as a consequence .of. 

their own mixing technique innovatios .
 

The Lusjtiu, LC9 HI., C aUU.a.-uu uLnimum.average cotton 

staple lengthsinverselyrelated toithe yarn,count , and somewhat higher for 

rings (both warp,,and we.f) than for mules. --'.We can show.. for any givei 

count, that the Japanese used average staple lengths,considerably 

lower than what the English considered to be the absolute minimum.- e 

overa'pattefn and' olume of cxngcarried dh in Japanese mills over 

the years is demonstrated in Chart '1' i teims of the 'composition of raw 

cotton Imp-rts. 1 

The overall decline in the capital/labor ratio noted during tbis
 

'second period of technology change is thus mainly due 'to three, factors 

the basic shift from mule to' ring technology, the increased sophistica 

tion of cotton., mixing.,and the policy of machine speed-ups for given. 

two-shift machinery use. 

What is especially startling is the instantaneous character of the
 

technoloy idiffusion process which took place. Until 1887 mules
 

held almost total sway in the productionof the machiii -made (non-garabo) 

yte importaton o,additional mules-except for 

.the small fine count yarn market-ceased completely. With the help of, 

dGVven the competitive nature of the Japaneseindustry, the role &
 

Boren, and the extremely' rapid di fusion 'off changes in,,the .state of'-prts., 
it: Is fair to assume that import ratios correspond "reasonably "well:'to 
average mill mixing practices.
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IOm tconvenient",f~r'es which detroyed: a substantial portion,of"'the 

ixiSt ing Aieiizl& pulaioaa"virtually":ins t antanuios switch' to rings.
 

:an 'bi recorded.1
 

contrast, in..the Indian cotton spinning indiustrv t!h new rin
 

:echnology was adopted'and diffusedmuch more slowIy.
 

'Indian Spindleage' (millions)_
 

.
9 1923 

Mules 2..' 2.2 1*& .1 069' '0.5 

Rings8 ~ '~.5.2- 6.8 7.9- '. 

Total 2.0' 3'4' 8 7.9 8.8 10.1, 

1.884 1894' L914 1929 1939
 

Source: Compiled by Toru Yanagihara from,Takmura, Kiyokawa and Pearse. 

*Including throstles, tvv an uper bound figure. 

:As Table 3 indicates,the number-of rings did increase .steadily and. ­
-t d,, 

.their adoption was viewed as the most significant technical development of th
 

2 Neverteles, twentY years after their first introduction 1 million
1880 s 

~po~mtl'I 1/3 of the total 

or approximately 1/3of the total spindleage was still ingingb., Even more 

significant'for our purposes is the substantial divergence in practice 

maintained in India, with the Tatas and other entrepreneurial Ahmedabad 

irm switching to .rings, while less well connected" Bombay and,Bengal 

,For more details,.see G..Saxonhouse "A.Tale of Japanese Technological 

Uz1fusi ' -in the, Meiji.Perod", Journal-of Economn c History_,March 1974. 

e S. D. Mehta The Cotton Mills of India,, 1854-1954.
 



mills lagged,behind. 1 , .lattb records, indicate, that beten .1883 andA'. 

1900 2 million new,mules were, e~portedto ndia-a figure Which we are 

unfortunately not, able tocheck againstIndiax data.. !This periodis 
also characterized by the entry, of substantal numbemoE new: and: inex 

perienced entrepreneurstending to construct, mills ratherphlkv shly, 

on the older U.K. model. Mules and male labor were retained here. ..Cotton 

.2 
mixing while obviously practiced was viewed rather -traditionally,,ie.
 

in association with the avoidance of a higher, average staple as. the.., 

switch from mules to rings Occurs. In the absence of' the same iechiblogy. 

bundle,which consisted of judicious cotton mixing cum additional labor 

cum shift to females, it was apparently believed that the predominance of 

the short staple-Indian'cottonrequired substantial retention of the mule.
 

With respect to weaving, the Japanese industry continued to
 

concentrate on the lower" ounts/narrow cloth portion of the spectrum,
 

with improvements patterned on the Batten and Jacquard permitting
 

the hand loom technology to survive. In reference to the initially
 

small market for Western style wide cloth, moreover, imports were
 
graduallybeing replaced by
 

gradually domestic power loom production. This is
 

where import substitution was most clearly in evidence." Here again',
 

if overia.somewhat longerperiod, of tjm-- lnmnvt-nti I nhnr--n4nno­

vations were in evidence. The combiLnation of-!the adoption of- a ow ' er *"
 

- LRven uch 'of the Tata- replacement was of old throstles rather­
than modern-mules. See a Tata letter of August 3,1, 1888 to the Bombay 
Millowners: Association, "the [ring frames] are now steadily replacing 

the old throstles in many mills, and even the mules in certain cotton 
factories..." D. E. WachaT- Life and Life Work of J.N. Tata; Madras,1915,
 

-',
.The Victorian Jubilee Technical Institute established"in 1882, 

provided formal technical education, including on cotton. mixing." Mehi . 

(op. cit.) has an illustration of 'al.Zecture on mixing given in 1896. 
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wFarp/vef t riIAit loe f/arctui ai-for ssentially 

the same, definition, of fls produc-resulted ,iii .e'..uccessful 

cost effective, -iiport-.su stitiion'pOlu.theeginninigs of export 

substitution into, Chinese 1Idifi:'and'U. S. iiiket'l.1 Unlfotunately,'­

we wereiunab1i<to odbtiri~-veprateA data, or &piziigAid weaving oer~ationis 

S'Indian mill pArti'dlular with respect to labor. 

We-intend to ex ne below the.approximate causes of this 

diffeen"tia behavior with respect to technology choice and.change. 

Longer term trends in the pattern of develdpment of the cotton textile 

Industry,in Japan, while they are.not central to our.objectives here, 

wouldsimilarly yield to the same type.of causal analysis. Some of 

tese, on~'r 'tenchinges may be summarized as follows:
 

i) Given that the "warmth" characteristic of cloth-is an inferior 

good, a gradual reversal, with'higher per capita incomes,
 

of. the domestic markets' preferences for the lower yarn 

count/narrow cloth attributes should i.e ekpected. While 

export markets in the developing countries of the region 

continue to be characterized'by lower counts and lower 

,, .rmere.-,additioua.VWC-, u~UMSLy/Mucreaueut sizng, types or, 
technologyrchange, unique' to Japan,o which kept"the weight ,the same
 
but ,reduced costs by 8saving.raw cotton. ; 4AA A4 A A .. AlA. 51 



r


quality 
. 

cloth, 
, ~ this~ becomes less and iess t ioi6ver 'tei 

-


of 	the Japanese domestic and other foreign mairkets 

b) In cotton mixing we may note a tendency towards a gradually
 

higher average staple'quality, but at a much slower rate
 

-than would have taken place in the absence of the adobtion
 

of the initial bundle of technology change
 

c) 	Near-constancy in the low male/female labor ratio but with'
 

a gradual increase in the skilled and supervisory to unaklli
 

labor ratio followed.
 

Ud) The increased use of power Loomu EU uCuV 0LWvUU6% 

market and, with time, the higher income export markets can '-­

observed. These are phenomena to be anticipated as Engelts 

Law.combined with the Linder thesis of representative'demand 

makes itself felt. 

u. An Attempt at Explanation
 

we have described the' nterestingly
In 	the previous section 


divergent behavior pattern of the Indian 'and Japanese cott6n 'tetile"
 

With Platt's of London providing much 
of 'the technical
 

industries. 

n caseinformation and advice, and virtually all the Machinery 

of Japan, how can we explain the observed behavior: 'Indiaonly' 

' abandoning herimule/skilled-male-labor/one sh'ft"tecnology, and 

Japan moving through two distinct phases f marked technological change. 

A number of hypotheses present themselves in culling'the general' ­
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.literature on. the subject. While it is necessarily difficult, if 

not-impossible, to come up withany fsingleully satisfactory causal
 

explanation, of this interesting set of historical phenomena our 

objective here must be to arrive at the best possible approximation. 

There exists a considerable literature stressing the importance 

of cultural differences between the two settings. Emphasis Is-placed, 

for'example, on poor Indian work habits, long,irregul'r tea breaks etc.-­

as opposed, to the-more..highly disciplined, harder working Japanese. 

Visiting Japanese missions also made 'much of the :ennervating influence 

of Indian.weather conditions, while Indian writers streisthe low 

level of, laborproductivity associated with low: levels of nutrition 

and health. The much lower proportion of female labor.in the case 

of India is, moreover, related to the .much greater reluctance of 

oth Muslim and- Hindu women to enter the labor force. And finally, 

the unw ingpessito go to double shif ing is blamed in large part on 

the unreliability and- individualism of the Indian worker when contrasted 

iiith his more disciplined and cooperative or community-oriented 

Japanese counterpart. Such differences in the."inherent quality of 

unskilled .labor would be.enough to constitute a relative'bias in, 

favor of capital-intensity (and thus the longer retention of mules) 

in,the case of India. 

Economists.have a natural tendency, to'discount this type of explana­
• : i , " •. 

tion.,Undoubtedly, their disregard of socia4cultural-and geographic
 

ee for exanple, ,Yukihiko Kiyokawa ."Technology and 'Formation of 

larkets. in the Indian Cotton Textile Industry", for so'me .of the leadingK 
referencles. 

http:labor.in


factors goea too far--eapecially since the danger oX keeping institutional 

ceteris paribus conditions in check are larger in the developing economy 

context. Nevertheless, to the extent that. differential technology choice 

and innovative behavior can be explained by differences in the economic 

enviroment facing the individual entrepreneur, the effort should be made
 

to do so--even if some of the dimensions of that environment considered
 

are non-conventional in character.
 

Even though such comparisons are .always risky, India's per capiti
 

Income in 1880 was probably somewhat lower than Japan's. Moreover
 

the endowment of unskilled labor relative to capital likewise indicates
 

a morie severe relative surplus of labor in India. Why then do we find 

a greater responsiveness in terms of labor-intensive technology choices
 

statically and labor-using technology change dynamically in Japan?
 

There are clearly at least two parts to the answer: first, that the
 

not represent as truerelative market prices of factors in India did 

a rdflection of relative factor availabilities as inJapan; and secona, -.
if.,.,4 

that the overall access to information and capital, coupled withthe
 

competitive pressure to seek out the best technique and the best direction
 

of technology change, were much more pronounced in Japan than in India.
 

detail..Let us,.examine each of these dimensions in turn in somewhat greater 

In Japan wage levels in the textile industry were .very-much tied
 

to the low.renumeration of unskilled labor on the land. "All the
 

available evidence indicates that renumeration was sietait' i'elatilve y
 

narro ~ .,. -, ... . .... , -i,,- ill wage''.1if,..i.::rates,4, 4', varyingif :.marg n . , -,-.:, ,.if < 43.,.} :, 
nar.ow i' gii.. aolcve subistence' with -pinning 



Aostiy in -reiation ro the opportu~ity cost. of the relevant agricultural 

hinterland.1 The "overall" supply curve of labor may thus be viewed'as 

composed of a series of perfectly. elastic segments with important local 

monopsony characteristics. Indian wages were generally 10% to 15% lower 

than their Japanese counterpart at the outset* When we next look at 

the ratio of capital goods.prices to the wage index over time, (available 

since 1887, see Table 4) we note that 'the relative price of capital was. 

'on the rise in Japan duting the 19th century; and when we examine similar-­

if..more ,sketchy,less trustworthy--evidence for India we find the opposite re­

'sultto be holding. Yet we.know that, at.the,margin,-savings rates were
 

We may thus concluoe
higher and.population growth rates'lower in Japan. 


that, for a number of reasons, the relatively,more abundant.endowment of
 

unskilled labor in India--and probably increasingly so, relative to Japan-­

was not permitted to be "heard" in the same way. One reason was the
 

greater volume of government and other interventions in the Indian case.
 

Labor organizations and strikes, for example, imitations of the U.K.
 

.mother country, were notdiscouraged early on in sharp contrast to the
 

Japanese case. There is evidence of much more credit rationing in
 

India--usually associated with artifically low interest rates in official
 

markets. The imperial trading system within.which the Indian textile
 

industry was assigned a colonial:role encouraged the import of U.K.
 

finall oods, assigned particular export markets to it, but mainly
 

.Also, see ,our evidence below (Section IV)dealing withthea.charac-,,,.
 
teristics of the Japanese cotton. labor force in detail.
 



TAIIm 4...RLATZV FACMo Pzzos. 

Capital Goods Ratio of Ratio of ResCai~ ~odeed hl-Price Index i~n aia 
l Gods General e-Prefl de MoneyWage Cost of Living Real Wagers. Capital Goods Capital

Inder Index Price to Goods-PricePrt-Ids swe Price Deflated by the Index ." 

PricInez~ Index' General Price
 

(1928-32-100) (1928-2-100) Money Wage to Rel(12832-10) (1n-32100) Index (1928-32--100) Wage IndexIndexz 
(1928-32-100) 

:1887 29.b5 32.2 91.6 11 - - 2.68 
1888-92 33.4 37.1 90.1 12 - - 2.78 

-

­

32.8 42.7 3.13 2.461893-97 43.7 41.7 105.0 14 
40.8 3.28: 2.701898-02 59.1 53.1 110.1 18 44.1 


1903-07 '63.8 63.5 100.4 19 50.5 37.6 3.35 2.64
 
48.4 2.41 1.961908-12 '65.0 68.5 95.0 27 55.8 

1913--17 89.9 81.2 110.7 29 60.4 48.0 3.10 2.31
 

1918-22 170.2 150.4 113.0 74 119.3 62.0 2.30 1.82
 
118.3 91.3 1.37-1 1.161923-27. 148.1 139.6 106.0 108 


1928-32 100.0 100.0 100.0 100 100.0 100.0 1.00 1.00
 
98.8 94.1 1.08 .99

1933-37 100.1 1Q7.4 93.2 - 93 

Hompo Keizai Tokei (Economic Statistics of the Bank of Japan), annual. Also see Shozaburo Fusino, SenwnNi Okern Shihomj s (Catpi
 

Accumulation in Japan in the Prewar Period), (Tokyo, 1955), Appendix IL Converted from an October 1900 bas
 
b Av-ailable from 1887 only.
 
a As developed by Ohkawa at Hitotsubasbi University.
 
d Yuzo Yamada, Nippon Kokumin Sholoku Suikei Shryo, op. cit., p. 154. 
, Tsutomu Nod, "Meiji Io Seikei Shisu No Sulkei" (.nEstimate of Cost of Living Indices in,Japan, 1893-1954), -&o. Re., Apr. 1955, VI 

10. Converted from a 1934-36 base. 
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supported ithe expansion of the domestic.-market. Japan was equally 

its pursuiti of an'import substitution policy, thanksconstrained in 

to.theimposition of the Unequal Treaties System which limited tariff 

levels to:5% until lite in the ddnturyz; But%; the,,relative absence of 

" greatlyirect'interventionseby suchI units as the East India "o 

facilitated the shift to a competitive market-orientied export substitution 

strategy at that point. 

For a .comparisoni of thetwo countries' textile,'tariff schedules 

Charts 2: and 3"%,* We may note.that, certainly-during that period, see 

by contemporary LDC standards, tariff protection was extremely low in 

Givenboth industries and both countries, especially the .early period. 

for both the"final and intermediatethe near uniformity of the'nomiwl rates 

good, the effective protection of cloth can be assumed to be-close to the 

nominal. To the extent, -therefore, ,that import substitution was "milder", 

i.e. less distoring,,-in Japan'this was due more to differences in non­

tariff barriers or direct interferences as between a colonial and a non­

,colonial context. 

For example, inddition to the effects .,of a substantiAl divergence 

in the overall level'of, -factorprice distortions,the' cdntrast in the 

extent of overall comp'etitiveness of the two industries is' quite marked. 

Japanese cotton spinning :wI s characterized by relaitvely free entry and 

the almost instantaneous diffusion"of techni"cal infornution via Boren 

1 See Baba and"TatemOtO"Foreign'.Trade and Economic Growth in Japan: 
1858-1937".rin Economic Growth: The Japanese Experience.Since the. Meij
 

Era,'L, Klein and K. Ohkawa, editors, 1968.
 



Chart, 2' 

Japan and India
 

Comparison of Tariffs on Cotton Yarn
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source :.Indian,,.Textie Journal. (ed) .,Centenary-'of .'ithe'Textiletlnduitr, itIfdi. 
(l954):.'-p. 685;iI-.Yaiai~wa ,Ippeil'AIndustrtil Growth of .Trade Pol?6icy Y'in Prewar japan"'.' 
Developig Econ'omies XIII-I (March 1975) p*.62., 
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Chart. 3. 

Japan and India 

Coparison of Taritts on cotton rabrics: 

Tariff (Z)
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Source: Indian Textile Journal (ed) Centenary of theTextile Industry'in ndia' (1954)
 
p. 685 and Yamazawa, Ippe± "Industrial Growth of Trade iPolicy .inPrewar Japan!'' The " 
Developing Economies XIII-I (March 1975) p.62.,
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(the Japanese Cotton SpinPners- Asocation).id ztioWcan
 

said to '-have,ben "agoodapproxinationtO reality. 


.mainly establiahed 4under-the
 Indian jls'P on thei other hand, were 


system' -The prin&Lphl function of such
 
So-called 4anaging agency 

to,have.,been-, to,obtan .,the..,necessaryjfinancing .and: -to.
 system seems 

the productive,enterprise.contractj out ,the,actual management, o 

as.Tata, .,could escape
The Indian founders of the industry, such 

expansion .out of. reinvested,,,,
the credit bind..by financing ,their,own 

own mills ,and have a,.ecord of.,
profits.,,,, They also managed )t4eir , 

qtonew ideas.--The British managing
relatively,, greater,.receptivity 

customarily represented the,.,great merchantthe other .handpagentp on 


to alleviate the, credit-shortage

houses,,and were in a position 

among indiyidual would-be- rIndian -mill operators. The managing,
 

thus based largely on the initial ,unavlablity
 
agency system ,was 

nve stors willing to,go.ino
of"sufficient,numbes of domestic 


industrialventures in the absence,of British.
capital.,;,,Consequently
 

atfirst'was an,
oagent.O

the participation of.,the..British managing 


industrial .pioneer,: later. a promoter and .,still,.later ,on!3, an inter-,.
 

me~iary was q ften required in order,to-mobilize,the necessay,capitl
 

deep. schism between.,
But ,.the price in thus effecting a
within Ifdia. 

.agent-b1ecame'typicallyThe managingag
Ranagement and ownership was high. 


Pportant-y,
well 'equipped -technically and,even more -hi

lesid'.
 

related .to.the net .profitability of.'
 renumerationW~.,not.adequately 


were at first calculated, on" the" 
Management commissionsthe enterprise. 


the basis of gross profit,
on
basis ofI production targets, later 

before depreciation, both certainly 
biased indices :in" terms of normal
 

profit maximization related' sgnas 

http:Asocation).id
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many, Indian textile firms may be"accurateAs a consequence, 

* :'characterized •:.as~ o~lo g"a i ng ,rathe h an Maimzng..Yv1 

.behavior. bte,pattern 'f 1n absence,'f4 4ufficiently arge class 
: .. futureiof , thei?.':of.4ndigenous 4*'.ia enteprners°giding -)the 

ente PFises., the.0drive' to .uild a bettermousetrap" °r.at,leastown 
Wat we: have heeisanother' thisadapt,on~,wa'clearly: 

a adcssequences of'1 a m edaEtime hisftorical, examle" of'6thePssi g e 

preference or ,th'e quiet 0life", 

T. tat ver.c-consequence of this difference un the 

economic and institutilon i environment 'in"...:'thet.wo'gou'ntry. case's' is. " 

illustrated both bytherelative' 'lag in the adoptionof-thenesring' 

technolb : 'in? the of the6 -Indian sinning industry1 as wellasmore6case 

intensity at th outset ad' thebroof -layo 

lower ten.denc .:t.use more 'labor effectively 'at the' margin in' Iia 

n e. asub­dynoted 'the'evidence of capital shialloirng, 

stantial actual decline :in' the"capital-labor .ratio, iii JaPanese spinnl, 'a 

witha :graual 'reversa- 'tereaterw t 

We. bhave y 

betlweii886'..d.i95, 
pressukat the-'mrgin of relative endowment -'and" relative'fact'or 

2
reverse"itself "Virtually,'constant' -evels of'

price cha&nes began-to 

(see tthe;
.capital-intenlsity 'from 'Iinitially'hisher 'jevels 


Tables-- '"d1 2)have been' recorded' for 'the, ease of,' I ndi a
 

mu. LU 

as e - (see.,, .Technology, an&.the 'Formation,of, Markets in
Kiyokawa characterizes tme snmi x rum -u .. LL o 

"iicrediblylow 
the "Indian Cotton Textile Industry, 

op. cit. April, 1976.
 

Proportions,in Japanese .Economic-Development"
2See." -Ranis, '.act 


American Economic Review, September, 1957.
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he broader kepercussions of this differential performance with 

respect to technology choice at the micro level can, of course, be 

discerned in a number of ways. For'one, we can-see Japan's much 

greater success in the expansion of, first, competitive yarn, then cloth 

exports. This is demonstrated most forcefully in terms of the marked 

displacement of Indian by Japanese cloth yarn exports in a particular.:
 

,mportant third market, such as China (see Chart 4). The same phenomeh. 

can be seen more generally when we contrast the trends in cotton yarn 

imports, production and exports in Japan and Indi.a with the help of 
Charts 5 and 6." ,The spurt in Japan's yarn production and 'exports betwee 

1890maiid 1915 is little short of spectacular, while the Indian data, at
 

least for the comparable period aftei. 1902,' indicate a much more modest 

growth of production and a -,Xgreaterorientation to the domestic market. 

Turning to cotton cloth (Charts 7 land .8), we see the same contrast, a 

bit delayed, in the ,importi domestic*production and export patterns. 

Looking at the within coluntry sequential pattern for Japan, we .can 

moreover, clearlydliscern the outline of a \successful transition through 

-the various phases, of.the product cycle (from yarn imports to production
 
" to export anddittowitthai delay, for cloth)'.. .This can be seen by viewing 

Charts 5.aand 7 together, as well as with the. help.of Char]t9.which 6aptures 

the pattern of development in 'this important, industry over :tine. The high 

level of technological flexibility -at the individual entrepreneurial, 

level which will be demonstrated more fully in the ,next section was
 

-. ei are ontraiing here, of course, trends not the absolute importance 

of trade 2versus the domestic. market in 'countries' so dissimilar in sze'. 
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Breakdown of.China's Major Yarn Imports
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India 

Production;, TIhportsu, and Exports ,of,.Cotton Yarn 

noin iS ryaarage), 

o'f ardi 

Soo, 

cotton yarmn, 
producioy',
 

700
 

600
 

500
 

400
 

300
 

Cotton yarn
 

1100 
cottbn yarr 

-F--7--- -- ,i 7 
%C -" ":.... I , .i o " :,

0 R I.
 
UT 0
 

.Source: Report of the Indian Tariff Board (Cotton Textile Industry ,Enquiy 197 132 



.33-


Chart 7
 

Production, Imports and Exports of,C0tton Cloth.
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Chart 8
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Japan 
p u ation ,of Cotton Yarn &CottonCloth 
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sstem s),success'; neefectively
 

keiponsible, in largeT partiforthi sys' ssuesihftvel 

aepl oying. its' chagin ' *cmparative'adVantage4ini th is hion over time* 

n the dynamic, case it is clearly sucht technological flexibility at the 

lIndividual entrepreneurial level which permitted 'Japan to transit smoothly 

through various phases of the product cycle as far' as the cotton textile 

ndustry is concerned. As indicated in Charts 5 to 8, Japan was initially 

a net Importer of cotton yarn, (abstracting for the moment from quality 

1ifferentials), then.jimport substituted, and finally became a sizable 

let exporter. The same'pattern may be observed in weaving, especially 

is it relates to the production 'ofVide.'cloth. In other words, the 

Jpanese cotton'textile industry can be viewed as having followed a 

path-described by the product cycle theorists, something which the 

Japanese themselves have long called the "flying geese" pattern of 

industrialization. Such a pattern, permitting an economic system to 
deploy its changing comparative advantage effectively through time, 

is thedirect result of the high level of technological flexibility 

and the rapid diffusion of new technology at the level of the individual 

entrepreneur,which will*be demonstrated below 
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' .......... .... ~source Savii"" 6 Ibor'".... '''
"IIt.'.; Output"Quality 'Input'"(zality, : I ' g an'd La Absorption:"': 

A. Introduction
 

Economists usually neglect the quality dimensions either on tli
 

input or the output side when dealing with technology,, choice., The
 

assumption of homogeneity in these dimensions considerably simplifies. the
 

analytical apparatus, so much so that when evidence on differencesin,
 

quality cannot be ignored, an attempt is made, to homogenize the, output, 

index, using price or, as in cotton spinning, yarn count as the converter. 

Quality variation,either in output or in,the use~of primary or
 
intermediate inputs,may occur unintentionally, as in the absence of
 

quality control, or intentionally, as in the effort to import from a
 

different source or supply a different market. Especially adjustments to
 

such planned variations in input or output quality may be accompanied by 

substantial variations in the quantities of the primary factors, capital 

and unskilled labor, which can be efficiently deployed. 

A single product with many characteristics may fulfill a variety 

of needs. In the same way that technology developed in advanced countries 

is often inappropriate for the LDC factor endowment, many of the ,char-_ 

acteristics built into particular products by advanced countries may be 

Inappropriate for LDC's incomes, real consumption preferences- and :othe 

conditions. The shedding of inappropriate product,characteristics', 

Xhe -analytical implications of this view of Iconsumer demand'.') 
were first taken up systematically in K. Lancaster, "A New Approach in
 
.Consumer Theory," Journal of Political Economy, 74 (April 1966), 132-51
 
An early explicit application of Lancaster's work to LDC's appears in
 
F. Stewart, "Choice of Technique in Developing Countries,"1 Journal of
 
Development Studies, 9 (October, 1972), 99-121.
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?sesorceby itself, can represent. a st.ificant savng oriLDCs.J. Additional 

social saving can be achieved if a downward adjustment In quality also means 

using a production process which uses more of LDC-abundant inputs. 

'If 'products',, may b'e usefully"viewed iAn .terms of their quality 

charact ..... 'ha 15'true for Inputs. product attributes,'isare Unlike 
has lon- been understood that input attributes are most impertant for 

interpreting menufacturing pheno ai n LDC's in general sad in particular 

tothe 'disappointing' contribution of the "IAdustrial sector employment 

grbwth'. As early As 1957, Hirschman argued that capital may not be the 

only-scarce factor of production in LDC's and that capital-lahor choices 

have to"bemade'-with 60nsiderati for scarce managerial talent. With a 

somewhat , different Slant on the same general problem, Gerschenkron, 

wiritig. evenearliero''bb'served' that the stable, reliable, discipln'.ed 

labor-force -e4uired'by ndustrialization was not the kind found in 

abund ce by most -ate dveloping countries and that therefore capital­

J"tensive industrializtion strategies were not inappropriate., 

there has been curiouslyFor -al the Inortance of th6ese early insights, 

l'it'le rk Iee'within the LDC's to test them or equally cogent al­

teraiite hyipotheses. What little work has been done on these topics 

.A.Hirschman, The Strategy of Economic Development (New Haven, 
Cdonsneticut:<,,.Yale. University: Press,,, 1958)" 

22A erschenkron, "Economic Backwardness in Historical Perspective" 

In B; Hoselitz (ed.), The Progress of Underdeveloped Countrife (Chicago. 
University iof Chicago.Press, 1952). 

http:discipln'.ed


Santwhee has been inconclusive. A 1968 study using internitionaldata .. 

supported [l.irschman'a and Gerschenkron's finding that, hiser,qufitylabor 

is complementary with ,niskilled labor and a substitute for capital.1 

By contrast, a more recent.5tudy using exclusively American data finds, 

skilled and unskilled labor t:o be highly substitutable and skilled labor., 

and capital to be highly,complementary.2 These most recent findingsdo 

challenge what is now thelcinventional, if untested, wisdom on the subject 

for"the LDCts. 

This section will examine the.relationshipbetween technology,choice 

and the various dimensions of input and output quality:in LDC's by 
3 

analyzing the historical oxperience of the Japanese cotton textile industry.
 

Using market generated data, it will be shown that there exist tradeoffs
 

among a variety of quality dimens.1ons of the commodity cotton cloth and that
 

these tradeoffs are closely related to the demand for inputs of varying
 

Yhr, "Human Capital and Fact,r Substitution in the CBS 
'roductionFunction .,in P. Kenen and,R.Lawrence,(eds.), :,The Open 4 

Economy (New York: Columbia University Press, 1968). 
2E. Berndt and L. Christensen, "Testinglfo0r the Existenceof'a'
 

Consistent Aggregate Index of Labor Inputs," American Economic Review,
 
'
 64 (June, 1974), 391-404.
 

1-1,f, 3Some historical background,and-analysis of the Japanese cotton
 
spinning industry can be obtained from G. Saxonhouse, "A Tale of
 
Technological Diffusion in the Meiji Period," Journal of Economic History
 
36 (March, 1974), 149-165; G. Saxonhouse, "Country Girls and Conmunica­
tion Among Competitors in the Japanese Cotton Spinning Industry" in
 
Hugh T. Patrick (ed.), Japanese Industrialization and Its Social
 
Consequences (Berkeley, California: University of California Press,
 
1976); G. Saxonhouse, "Productivity Change and Labor Absorption in
 
Japanese Cotton Spinning 1891-1935," Quarterly Journal of Economics,
 
91 (May, 1977), 195-219; and G. Ranis, "Factor Proportions in Japanese
 
Economic Development,;" :American Economic Review,, 47 (September, 1957) •i*
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scarcity and quality. Te nature of the tradeffSmng these inputs of 

iarying quality will 'also be identified. 

The Japanese textile industry created a range of cotton cloth
 

pzoucts which were of lower quality than had been generally hitherto
 

manufactured in India, Europe, and America, but which were well suited 

to East Asian markets and to the demands of the lower Income classes 

Selsewhere. The Japanese were' successful In profitably prOducing 'ths 

clothin large measure because they creatively explored the complementarity 

and substitution possi lities bweieen varying grades of raw cotton and 

between varying grades of labor. They'became capable of producing 'cotton 

cloth of a particular quality usitng lower quality raw cotton and lower 

quality labor than had previously been thought possible or desirable. 

In the sub-section which follows, -the analytical fram,ork for 

exininlfig the"choice' of output quality and input'ix will be presented. 

A third sub-section will discuss the data to be used in the estimation 

of this framework. - Afourth vill present a 'regression analysis 

,explaining the pricing btween 1906 and 1935 of.various brands of 

Japanese o O in, terms of their quality attributes. This ,analysis 

wIll identify the implicit ,market evaluation .of these -arious attributes.
 

,n the.fifth sub-section these'estimatedimplicit attribute prices wil 

,be used to help estimate the, derived product attribute -'supply,functions 

and derived input demand functions, With this 'estimated fframework It' 

will be possible in a final fsub-section to explore in somevdetall'the 

technology/ choice and the •vatioustdimens ions•: ofrelationship between 


input and output quality in Japan's pre-war cotton textile industry.
 



5., Anaytica' .he .ramewo.., 


-. MumJapaeuetexti1e firms between 1906 ,taid 11935 imized a t 

variable profit function of, the. following form:.­

(1 j.'(PX '.E E Z.61 + I/2P 

+ E. . j ±t h ! I P'.i.jX. E .. b'/ 
"
 i- ; :
' ':,i =!. _ i-'3, i .'l 3 k"'3; ' k,' P 

where P vector of prices of variable outputS and inputs. 

X vector of fixed inputs 

.... profit operator
 

and "er-,a. a0. b3ih wi hi jk bkj, aii = , j 

The variable profit function H gives us. the maximum profits"the firm,can
 

obtain,: allowing a subset of'inputs and outputs to be variable while' 

another' subset of inputs is held'fixed. 

'The concept of a variable profit-'function is first presentedlin
 
P. Samulson, "Prices of Factors and Goods in General' Equilibrium,"
 
Review of Economic. Studies, 21 (1953-54), 1-20i W., Gormanin "Measuring
 
the Quantities of Fixed :Factors" in J. Wolfe (ed.), Value Capital and
 
Growth (Chicago: Aldine Publishing Company, '1968) , 'rigorously determined 
many.,of .-its properties. 'The profit function's-use in econometric work 
is presented in W. Diewert, "Functional Formsifor Profit and Transformati.'-
Functions," Journal of Economic Theory (1973). Econometric work using 
profit functions is most analogous to Nerlove's early work with cost 
functions. In "Return to Scale in Electricity Supply" in C. Christ et 
al. (eds), Measurement in Economics (Stanford, California: Stanford 
*aUiversity Press, 1963), Nerlove solves for the derived demand for input
 
functions from the first order conditions of cost minimization and the
 
production function. He then substitutes these derived demand equations
 
into the definition of.total costs to obtain a cost function where cost
 



The form. of the profit in () is such .thatif I diffeientfated1function is 

with respect to thet prieesof, output~andvarible'nputs, then' fo positive 

Prices'and positivevalues! oftthe fixed( input8- the solution -eto '(2 

isa function of fixed output and the prices of the variable.nputs. 
Nerlove notes in 1963 that no 'one seems to. havedone this before. Had"
 
Nerlove used the definition of profit and the first order conditions for
 
profit maximization, he would have anticipated later econometr- .ork
 
with the profit function.
 

Given that firms are making both a quantitative and qualitative
 
choice with respect to output, the optimization problem here is slightly
 
different from what is routinely encountered. Solution to. the problem
 
begins by forming a cost function with quantity, quality of output and
 
factor prices of inputs as arguments. This function may be derived by 
minimizing input costs subject to production function constraints relating 
quantity and quality of output and inputs. The resulting cost function is 
used as data by the profit maximizing firms in choosing the optimal quality 
and quantity of output, In this context note that firms are competitors 
and not monopolists even though the marginal costs of attributes are not 
constant because all establishments observe the same prices and cannot 
affect them by their individual production decisions: price is independent 
of quantity. The firm will make a decision on the optimal quality and
 
quantity of production. by adding attributes until the marginal revenue
 
from additional attributes equals their marginal cost of production per
 
unit sold, and by increasing quantity of production up to the point where
 
unit revenue equals marginal cost evaluated at the optimal bundle of
 
attributes. The first order conditions from this profit maximization
 
problem can be solved for amounts of the attributes -in the cloth chosen
 
by the firm to produce and the quantity of this cloth actually produced 
in terms of.the implicit attribute prices and the product price. Given 
that..the quantity and qualityof - output, has-now been determined, by 
Sheperd's lemma: the optimal inputs can be, determined from the cost function 
previously derived. It is the procss-of choosing optimal values of. 
quantity and.quality, of output and inputs.characterized here which is:
 
embedded iin the:profitfunction in (1). For more) on this optimization 

_process, see, S. Rosen, ."Hedonic Prices, and.TImplicit Markets,". Journal 'of 
Political Economy, 82, (January/February,,1974), 34-55. 
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J 	 J bjk /j.. .
 

I	 ­+ 	E. C.jxj + E bjkXkjE k 
j= j k=1 

;r-4 =I n 

where 	U is the operator for the profit maximizing derived
 

product attribute supply function or the profit maximizing
 

derived Input demand function" 

may be obtained.1 There will bL one derived product attribute supply'
 

function or derived input demand function for each of thc. variable
 

quantities. When the parameters of (2) are estimated, i. is possible
 

to fully characterize production relationships. This is because by
 

duality theory it is possible to show that there is a unique relation­

ship between an underlying production function and 11. Note that the
 

particular functional form chosen for I provides a second'order ap­

proximation to an arbitrary, twice continuously differentiable, variable
 

profit function which satisfies the necessary condiiions for thi" uique
 

relatiohiship:'and .for (2) .6 f.i:O:hld'

'The general form of this result is knowi as Hotelling's Lema.
 

and is proved in 'Gorman, op. it.
 

:2 
Diewert,op. vcit., 

Ibid.d
 



It will be noted" that., other than symmetryj no, a 'orioit'conditions 

are imposed on (1) and (2). Product attributes' and inputs are not treated 

as*i separable groups. ... ,This is because output mix is hypothesized to be 

it otton mix an43abor9 mix, Thi Is a, central concernclosely related o'ra 

of the analysis here., 

C.. The Data 

The 	price vector P in (1)! and (2) Aicludees fifteen elements: 

P.--price of cloth. 

P'- price of cl-th attribute .-weight-+ 

-P2 price of cloth attribute- warp yarn count 

P3 - price of cloth attribute - weft yarn count 

P price-of cloth attribute - ends per inch 

P- price of cloth attribute -picks per inch 

P = price 	of cloth attribute - plain weave (cate­
~6. 

gorical variable) 

,P price of cloth attribute - twill weave (cate­

gorical variable) 

P,= price of cloth attribute - width 

P--waes 

A L of the concept ot separability Is given in P. Geary 
and H., Morishima, "Demand and Supply under Separability" in H.. Morlshima, 
et al., Theory of Demand: Real and Monetary (Oxford: Clarendon ress, 
1973)r., 



PO--price of Chinese cotton 

Pi price of East Indian cotton 

P -- price of American cotton
 

T S, price of Egyptian cotton,
 

P1 4 - price of other cotton
 

The eight,"cloth 'attributes being treated as "va*iables do*not exhaustively 

charai tcloth,6h but, given the l ited nuber' of degrees 

of freedom, 'theytdccowlt for much of the variance between most brands. 

It. shiouild be noted the t'the'threads rung ° the laegthof 'bolt of cloth 

are ce:d warp. threads and-those lying cross-wise are call'ed weft threads 
A bolit ofcltis woven bypulling the weft threads through the prepared 

warp. Thewet' fills in the warp structure to create cloth. The thread 

itaEachtypeof yarn 'is given a count number 

equal" totheniumber of hanks of that yarn(i hank =840 ards) necessary 

to equal one pound. The higher the count, the finer the yarn. The number 

of warp threads'per inch or ends and thi niimber of weft threads per inch 
gives a'measureofthe denenegs"with which yarn is laid in the c lot .' 

weave is'another 'important "product attribute. The theoretical 

variety of'!weaves is"liuiited only'by the permutations and combinations 

:.-Discussions of different attributes of cotton cloth are given 
in 0 Hunte, Cloth and the C] Trade--(London:. Sir-Isaac Pitman and 
Sons);,J.llaye, Staple Cotton Fabrics (New York: McGraw Hill, 1942); 
and A.'Whiteside, Whiteside's Textile Information and Conversion TableL 
(Bloomfield, :NewJersey: Morse Press) among many other places. See ale 
the very .useful dissertation on the Americancotton textile industry by' 
D. Doane, "Regional Structure of the Cotton Textile Industry" (Purdue 
University, 1969). 



which can be worked out, in thepositions of-such gro6ups of warp 'and weft 

threads a can be changed relative to each er o t 1eoom. In practici 
there are two major options--nterweaving every 'thread'at e prtunity 

-eer. opotu y
 

or skipping threads here and there. The first option is the plainweave. 

Under the second option, most non-plain Japanese cloth., prduced during the 

period of,this study was either twill or satin.,,. In he twill weaves.,the, 

thread, after passing under one"crossing thread, ?4des on top of,two.,or
 

more others and when this step is arranged in, a regular rotation, diagona] 

ridge or twill is produced. In the satin;weave, also produced by floatIn 

one thread across several others, the formation of.a ribis avoided..!...Thi 

weave attributes will be represented in the.analysis ,hereby.two;dummy­

variables which take on thevalue 1 if the weave is,plain ,or,,tw3l, respecuiveLy. 

If. the weave Is satin or some other .type, both categorical variables will­

take on the value 0. 

The cloth-width attribute primarily defines whether .the output will 
be used to ,make traditional or Western-style clothing Japaneseimono,. 

are made from bolts of cloth no more than twelve to fifteen .inches.wide. 

lestern-style clothing and other Western-style .cloth products are,.cut,., 

from cloth :which' is double to triple these widths. 

Given the other cloth- attributes, an extra-variable for weight 
-. I * 4 '5 I..I5... .5.y.,,-., 4 hdu' t 

may seem unnecessary. In fact, the -Japanese textile industry was extremely
 

successful-in effecting .wide-variations,in the weighti (andtherefore "the
 

ity) f,cloth,of, given dimensions,by the addition .of' starch to t'e, 

warpyarns. Starch might account for as much as six percent of British 

or American cloth weight. Some Japanese brands of cloth.contained as 

much as twenty-three percent.starch!1 

IV. Clark, Cotton Goods in Japan (Washington:. U.S. Government
 
Printing Office, 1914).
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.Variable input attributes ,in this anal'tical framework are 

of raw cotton. Raw cotton is graded primarily butexclusively different, grades 

not excluslvely,by the length of its fiber, otherwise called its staple 

the less the fiber wil break whenlength., The longer the staple. length, 

it is being spun and .woven. Because longer count yarn requires more spinning, 

and there fore higher count yarn generallythe probability, of breakage, is higher 

requires longer staple raw,cotton., ,,Similarly, warp yarns must be stronger 

than weft yarns and in consequence also require longer. staple raw cotton., 

Among raw cottons usect in substantial quantitiesby the Japanese in the. 

period under consideration here, Chinese raw cotton had the shortest staps-.
 

Next came Indian raw cotton, followed by raw cotton from the American, 

the Japanese, asSouth.. Finally, the longest staple raw cotton used by 

by the English, was from Egypt. 

The X vector in (1) and (2) containing the fixed inputs .includes 

as"elements: 

SX Bspindle hours 

a loom hours 

X a lengthof shift 

,. experience, of, the work force 

X -­education ofthe work force 

as,, to, the:,levels, of-, each tofthese :.five-inputsLE 15 annumed.that ,decisions 

W Clarki,,Cotton Goods..in,Japan (Washington: ub. uovernmenc 

Printing Office- .1914). 
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are exogenous to'the decisions with respect to level. and mix of output 

And level of"ho laborinput. 'Toruch ofthe period nve tlgat.u 

he aacityicreasesdapended more orils In id y "o- mp r_ td ' . 

capitalgoods-. A-d the lag' twenorder'and'delivery ". s sufficiently 

asuch a.control"over 

the ime path oifhis mil'siia capa~ity "could be ,qite"'liited.' 

Kn'other ords once the'capacity is in place, the ii manager 

has only'limited -disbiretionwith',respect"to capacity utilization: and 

and unicpectedl va-4ried tfia--!a^ppinning mill -tWaers 

length 'of shift."The Japanese cotton spinning industry wasq, during the ' 

period iuder study" and remains t day, an interesting blend of competition 

andOligopoly. Thus- hile entry into the industry was always unrestricted
 

and deciionis regading output per se were left to the individua'l firm,
 

the trade'.association"or 'cartel executive body,'* throughout"virtuall the
 

entire period under study, determined •the limits of capacity utilization
 

and the' iength' and nuiber,of working 'shifts, 

Available evidence also suggests that individual firms had'lttIe 

control over the quality'of their labor force or 'made decisions with a 

different! longer horizon in mind. Throughout most of the pre-World War 

period, the spinning industry relied on"'yo66ng female recruits from the 

most underdeveloped regions of Japan. As late as 1893 very few of 

these recruits had been exposed to any kind of"formal education. Due to 

an explicit change*in'governmentipolicy;,by .*1910.."ninety-eight?percent
 

-For turtner discussion, see uary-,'.Ka,baxonnouse-."capitaiL
 
Accumulation, Labor Saving, and Labor Absorption Once !6e,. Quarbirbly
 
Journal of Economics, 89, (May, 1975), '322-330.
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atended pri i.hool.of the. recruits from3the ye am poor, fil'lles had y 

Notwithstanding, their'inereased educatln the ti& path' of de ofd:a 

entering',cohortf'Of rcuits hre unch'anged the 1890; s!'ad theid between 

l3'.~Tfe work t averagemeergexperieneofof the spihinnn indust6 y 

force rose-from fourteen months in 1891 to-'over forty-four'month'sii'
labor 

1930,largely because a small constant proportion of each entering cohort
 

became memers of the permanent work force. ,Whativer poiices the milli 

may have had to establish a permanent work force, they were unimportant by, 

comparison with the simple maturation of the industry.1 

iThel eyetem'ofeqfAtI.ns hi' (2) 'ij 9e~i_'tmated using 903 firm 

twen t-ni e - j'an1935e ';'This'observationWsclvera year peiod:betWeenii 190 


is a subset of the sample of 2,138Boservations -over-forty-five yeai 

which has been used in some of the previous work on the pre-war Japanese 

spinning industry. This subsetisdefined by the availability of brand 

input data is'taken from the records
price and attribute data. While thi 


of Boren, the All Japan Cotton Spinners Association, the brand price is
 

the Osaka Cott&n Merchants Union.
t-iquotao~ioWth dby made' 

bee' i Y1906' !and,'1935, the "Osaki CottEicni Herc iatsniFor) theentire perio 

Unionquoted prices -regularly'on all 'the' major b'rands -and many of the 

minor ;rbrands .of',cottdn yan, anrd-cloth. Characterizations of these brands 

attributes :discussed "aboverare also readilyvavi'abl'e.in terms of the 'even 

1These topics are treated in more detail in Saxonhouse, "Country
 
among Competitorb,. and Saxonhouse,Girls and Coiplementarltyof Communications 

"Produtiit',Change land .Labod rAbsrption .n"Japanese-Cotton Spinning, 189*,l­?1935 ,-." op. "cit_.' 
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4es a Ceothiand &t lo 

The rices of cloth and yarn, attrbutrequired,forj the-jestisaton.41 

)f (2)., are not, explicit market pricea. , Rat)her,, folloi£igi earlieoriwork on,! z 

ied6nic price indices,,, cloth, prices. arefirst rg;reAssd,on, cloth characteiStics 

.iheO 	 ulicit Pr e of theAttrbu Ofap -ar 3

to obtain a hpdonic. rice, function: 

(3) 	 P ~ Ed~.. 

where Ui. and ;ui are coth attrIbutes,-and P -is,-thepriceof cloth. 

to ,obtainm,the:
4 is,.0possible,,
By differentiatingo,(3).,after,estimation,, it,


implicit prices,of the,cloth,characteristics: f
 

(4 	 B.ui 2 i1)U 

,While one relationship: is,used to.,characterize the temporally-,pooled,',
 

observations,on,firm brand.,prices,,it,:is, clear.lfromu ,theform.sof (4).thatrin
 

general the implicit prices of attributes wil ,!yary,from firmito; firmz and­

2
 
as. the attribute,compositon characteristics.: of.product ,varies.,:2over 


ThisL l,,occur_ even ia these ,frms are. at ,any.one time operating In. the
 

same market and is at least theoretically possible because of the nature of
 

-Iqapproach._tAken. here follows,,S.Rospenk, p i t.~n .E ,Lc 
among-ote aes iI"Hidonic"Pri6e 'Function, " Economic Inquiry (June,. 197.5),

(3) 	 i i.assumed that di -d -and dii - O.
 

Had the functional form of,the hedonic pricerunction in (3) been
 

linear, the implicit prices, of attributes would be constant even as the amount 

-,,of: a particular attribute embodied in.a brand of cloth varied. 

http:the-jestisaton.41


the demand for cloth and the technology associated with its production. The 

worldwide market for cttonfcloth.in rhich the Japanese participated between 
"o searte bui y in re 

1906 and 1935 ,,consisted of -a u of interrelated 

Markets. These markets for cloth-were primarily differentiated according to 

taste and custom, climate, income levels, etc., a differentiation which 

occurred internally as,.well as internationally.,, In Japan, it was exemplified 

by the separate markets for traditional and modern cloth. Internationally, 
I, ' 

the light-weight, finely woven cloth which was climatically requ:Lred in such
 

Japanese export markets as India andSouth-East 'Asia,was'not abundantly used
 

in Japan. And .again, the heavily-sized, sparsely-woven cloth which Japan 

sold in the 1930's to the poorer regions and lower income groups throughout
 

the world would scarcely have been purchased by anyone with even moderate, not
 

to mention substantial, means. 

Were the attributes of the cloths all traded separately in exlicit 

markets, the non-linear form of (3) would not make'sense.: Competiton 

should make the price of an attribute everywhere the same. Because cioning 

attributes satisfying a variety of different ultimate demands come
!packaged 

cloth and cannot be trivially unraveled and recombined, because consumers 

in the world market differ in their tastes, needs and wealth" and because firms 

as 

differ in their capabilities, and/or may choose to specialize in the satisfaction
 

of particular markets by producing particular attribute packages, diffrences
 

in the implicit prices of the same attribute could occur in competitive markets.
2
 

t3 Yarns of varying counts of course were traded in exliciti markets. 
2

See the discussion in Rosen, op. cit. and J. Triplet, "Consumer
 

Demand and Characteristics of Consumption Goods" in N. Terleckyi (ed-.)
 
Household Production;and Consumation (New-,York: ,',Columbia University Press, 
X976).
 



.,TABLE 5; 

THE 'HEDONICPRICEREGRESSION COEFFICIENTS 

d dj4 	 d 

i = 1 	 .......
xn5 '8 ;53 6 .'
5. 	 .9...... 0-
.632x18 
weight 	 (29) (2.56) (318 (1.96). (.106x1CJ) 

S.. 
 .. 511x1 
ya(1.04) (w)p 	 (1.23).5 

.i.=3 	 - 3.497x1O .724x104 3 .250x10 ne~~~~ (1.26) (3-.43) (1.2)
nuribez 

i=4 	 0 .56 " b .438x10' 
e " (2.69 (3.20)-
I 5 

-57x10 


pcsper 
inh(1.58): 

i..=.6 7,0 
pain weave 

i 7....
 

weave 

i=8, 
width­

= .479.7 The figures in paretheses are t-statistics.. 
The eight cloth attributes are indexed by i as/above. / 

• 	 / 

4 di 

.39
.319x.3llO- 131xlO." : 

(2,6); 

.238x10 .273x10! 
(.114x10l' (( '661-, , 

.321x1 7 .. 
(i03) 1-231? 

228x1O- 2 U 

(235)' (.389xlO) 

196x10 2 263 

(178) 	 (.677x101 ) 
.000 .592x10 2 

(.0001 (1.64): 

0 .681x10 2 

(1i94)s 

http:inh(1.58


0 

,.5squt2.on ~sj i+seutimated usinj generalized ieast3squares m Ithods'T 

al on _, se 1naied 4Sing,,,geefre11z6 

"
 hlch,allowfor unmeasured. time-specific adFhu 

dummy, variables.1 Sos.eof theureu t'of thi5aestimatilon arepresented tIn 

Table 5 v These results,Should be interpreted4iwtha:somei.care. !6The hedonilc 

price rpgrespion isinot a.subqtitute for estimation of 'the decision.makihg . 

framework,laid ioutjin, (1) and (2).. Thehedonic:price' function maybe thoight 

transactions vgenerated-,by theU p'of, as :,; relationship whichj traces ,out the 

-intersection f. the attrbutebuyerjs ; implicit €ompensated& demand,' functions A 

i

with the attribute sellers implicit,compesated supply ,functionser Becauset 

buyers and.sellerp.idiffer!among,.themselves, m.the ways outlifiediabove;, the 
r'" 

hedonic price function is generated by many different demandefunctions* 

Therhedonic, price functionintersectine .with manyrdifferento supply,, functions, i 


knownv to buyers Iandselers.
 
duplicates econometricallyn the -markettinformation 

determinants rof the-,implicit transaction 
If,,however, ,we,wish to .understandjthe 

of the; attributes rather :than. il"simply"- the .implicit. transactionprices, for, each o 
be-identified and estimated.i
stie itself, demandnadsuppmust-


In Table, 6,,some-attemptis made toL ,the mnrket .inforation'r 

rice, for each
obtained from,°estimating ,equation (3)..-The,average MP 


characteristic, the coefficientrof variatiof.pf this price .among f&
 

the average amount of this characteristic packaged in a piece 
of cloth are
 

presented for .five7-year,:i4ntervals 

While great care must be exercised in interpreting Tables 5 and6,,, 

with most such prices in pre-war Japan, :changes in the rifce " 
In an effort to
 

cloth are dominated by fluctuations in the busibksS cycle. donic:-.
'mation of th : h
4


avoid&imp6sing still greater 
complexity on the es 


ctton.,

price function, prices of cloth have been deflated by. 

the price of r Faw 


http:variatiof.pf
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-a naubr iof observations should -be mde. First, dissimilar: trend a,'Ae 

found in the average implicit prices of the cloth attributes'i 1Theyattribkite 

of 	yarn fineness, sizing and width show increasing prieso whle"'therclth"Lur 

density variables show decreasing trends. At thesame' te, theme differing 

trends can be loosely related to changes in.atttibute weight quantities. 

Positive price trends are associated with ineieabes 1in attributeqhbatitibes. : 

Implicit price declines also do seem to be 'associated-kwith- small declines', i 

attribute quantities. Since the hedonic prIceiequai6his-'IOt, a structural 

equation, no real interpretation of 1thase 4aswciations,may be giveh. Ofly 

when',theiprofit function, has 'been estliatedecan".suihd an interpetiVe linhking 

of prices :and,qiiahtities ibe:made.i 

If ' the average pticsof JA sd e coh was ttg wider ad 

sized e iand less denselybe1446,oreheavily came finer, yirns whichwere 

,voveaj itt is ,also. true that Japeese prodictieniiasrb&ecoin mote heterogeneous 

the 	iimplicit prices :of the ';attributesa: For . 1l the right :attributes, there 

all 	,eight attributes this variationvbecouee moe 'p~onouied, ilith W, id'W 

and. continues to increase' sharply .'through1935. 

3. 	 The Estimation of Derived Prbduct AttrilbterFiitiboisiizidrDei~iiifiput' 

Demand Functions 

Implicit prices calculated using the coefficiint estimates in Table 

5 are used in the estimation of the equations in (2). Note that these 

implicit prices are not predetermined variables. While textile firms belnm. 

modeled did not have market power, brand choice and implicit prices were 

determined simultaneously. It Is also plausible to assume that elmentsof 

I 



TABLE 6 

THE IMPLICIT PRICE OF CLOTH CHARACTERISTICS 

1906 1911 1916 1921 1926 1931 -­1935. 
IGHT' (1bs_:p=rsur yard)a ilct price (d) 
Coefficient of variationof price
Quantity (index) 

100.0 

.043 
10b.0 

108.2 

.041 
100.7 . 

105.7 

.038 
100.4 

112.1 

.069 
108.9 

115.8 

.052 
106.4 

124.3 

.097 
109.5 

124 .6 

.103 
108.7 

M YAN NUMER (hanks)Real implicit price (index) 
Coefficient of variationof price 
Quantity (index) 

100.0 

.85 
100 

109.5 

.83 
103.6 

107.3 

1.36 
104.1 

110.1 

3.22 
104.9 

115.4 

2.67 
110.6 

120.2--

4.13 
114.6 

133.4 

-3.63 
119.2 

WEFT YARN N (anks) 
Real inplicit price (index) 
Coefficient of variationof price r.81 
Quantity (index) 

100.0 

100.0 

109.9 

.79 
103.1 

107.9 

1.28 
103.4 

108.8 

2.93 
104.2 

109.1--

2.58 
108.5 

124.3>:' 

4.01 
111.2 

128.C; 

3 43 
115.9 

E D ,PER 3 N24 . .... ,

Real i.licit price (index) 100.0 106.9 105.5 89.4 92; 7' 891. : 83.4"ACoefficient of variationof price - .201 r2 1.89 2699 4.28 3,50 52Quantity (index) io6.0 104.2 4.63

105.1 100.0 101.2 99.8 -100.3 

S*Aswith most such prices in pre-war Japan, chanes-n- them price o. co,are dominated by "luctuations in the business cycle.o - -Inaneffort.-to..avoild.imposingstil greater--complexity on-the estimation of the hedonic price function, prices of clothhave been deflated by the price of raw cotton. 



~TARLR Alevnn- i mmmA 

196 1fl 196192"" 1926~ 1931 1935, 

Plea" Inplic-tprice (index) 
Coefficient of variation 

of price 
Quantity (index) 

10,O 

.962 
100.0 

105.8 

.884 
103.4 

104.1 

1.31 
103.9 

8610 

1.73 
98.4 

90.7 

99.1 

96 3 

.t1551.94 
99.0 

8 

1.83 
99.6 

PLAIN, WIMEE.4 
ea irplicpt price (index) 

Coefficient of variation 
of price 

Quantity (index) 

100.0 

-. 18 
100.0 

100.2 

.22 
--

97.9 

.25 

2.5 

103.3 

.33 

97.4 

102.2 

.36 

89.6 

98.1 

.29 

98.5 

97.3 

- .32 

97.0 

"1WII WEAVE,
Peal jnplicit price (index) 
Coefficient of variaticin 

of price 
QUantity (index) 

100.0 

.13 
100.0 

101.3 

.14 
104.6 

103.6 

.17 
108.3 

107.2 

.38 
U0.4 

1053 

107.5 

106l3 

,35 
109.3 

id I 

3;32- 39 
109.4 

WID1H (inches),_ 
R-6al- 3Plicitprice (index) 
Coefficient of.variation 

OF price 
-Quantity:,U(hid 

. 

100.0 

4.47 
100.0 

'107.8 

5.49 
132.1 

105.0 

5.43 
147.3 

109.2 

8.87 
163.5 

115ei87" 

7.35 
176.9 

138.3Ji 

-. 91 
195.0 

147.e7;23 

8.16 
231.8 



the stochastic terms in different derived supply and derived input demaind 

will have nonIzero covarince.. These two',,factor' toseher elugges that a 

2 2 
variantof Three-Stage Least Squares should be used in lestimatlng (2) 

Once these demand and supply functions have been estimated,; it is 

possible to fully describenothe technical relationshipsbitweeti ewentethe differiife~jainpt h d onhp 

attributes of 'and inputs :fto -'the pro dctibnof cloth in Japan. 'Tables 

and presenat partial elasticities of transformation bietweenl attributes, 

partial elasticities of substitution between inputs and partial elasticities 

of transformatIion between attributes and inputs. 3 

The results in Tables 7A and 7B confirm that the technical relation­

ships n Japanese cloth production were such that Japanese textile firms could 

make significant adjustments in the attributes of the cloth they produced in 

response to changing conditions in both product and factor markets.: Of the 

thirty-five elasticities of transformation including non-elasticity for 

attributes in Tables 7A and 7B seventeen are significantly different 

statistically from zero. Tradeoffs clearly existed among cloth attributes. 

1Giveni that the sample being ured here is a time series of cros's­
sections, it is easy enough to imagine firm and time effects providing-non­
zero covariances. . 

2The 4strumental variables actually usea in escimar3ng ki.)sinc.uae 
a) money borrowed on promissory notes, b) formally educated technicians per 
plant, c) managerial experience, d) price of coal, e) cotton arn inventory, 
f) exports, g) rate of dividends, h) paid-in capital, and i) horsepower.3The.....the i~prof i i 

3heseelasticities are defined in terms of thefproftt function in
 
W. Diewert, "Application of Duality Theory" in M. Intriligator and D. Kendrick
 
(ads.), Frontiers of Quantitative Eco.omics, Vol. II (Amsterdam: North Holland
 
Publishing Co.' 1974). i
 



-TABLE 7A 

PARTIAL-ELASTICITIES OF TRANSFORMATION 

.1 2 3 4 5 

1. veigt, 

2. warp yam 
- number 

((.183 

1.73 

(.186 

-14.3 
(2.76) 

.394 

(.819) 

-1.72 
(3.37) 

1.43, 

(2.72 

-5.50 
(3.86) 

1.65 

(2.80) 

-1.10 
-_(2.95) 

3. . za 
niiber 

4. erls per inch 

5. picks per 
inch 

-9.26 
(2.491 

-1.91 
(2.12) 

.­1.64 
(2.04) 

-5.41 
(6.16) 

-6.35 
(2.81) 

52.65 
(6.08) 

6.- plainweave 

7., ti1 

6 

.1707 


(.526xf -2 I 

3-05 
((.930 


4.78 

(1.41) 


5.45 

(1.08) 


(L533) 


-18..0 

~(1469) 


7, 

70t
 

(.593xi0)
 

1.96--; 
.351-)
 

.639
 
to887
 

4-52..
 
(4-24)Y
 

1.99
 
137).
 

.16
 
(6.61). 

-131. 
(2'043). 



TABLE 7B
 

PARTIAL ELASTICITIES OF TRANSFORMATION AND SUBSTITUTION
 

8 	 9 10 Ii 12 13 14 

-

1. 	 Weight .928 -.401 -.777 -1.91 .993xi0 1 -. 602 .389 

(.597) (.883) (.611x10 3 ) (.681xi0 - ) -(521xi0 4 ) (.328) (.237)<-': 

-1.93
2. Warp yarn 	 -4.79. 1.85 -6.84 -4.61 3.78 2.46 

intbr (.226) (4.03) (2.75) (3.58) (6.45) (1.00) .61lxlO-3) 

.000
3. 	 Weft yarn -.536 2.74 -7.60 -4.33 7.02 1.39 

rftn e (1.52) (1.99) (2.14) (8.89) (1.63) (.810) 000) 

4. 	Ends per .758xi0-I .686 -2.25 -3.19 9.90 .534 3.82
 

(2.67) (1.62) (-36x1O8) 704x10 3)
 
(.630x10 6) (1.77) (4.11) 


5. 	Picks per .104 1.20 -4.00 -3.52 n.0 .657 5.25
 

lfl 	 , (.373x10 5) (2.67) (1.72) (2.15) (1.58) (.398x1 5). 6(677) 

1 4 
6. Plain weave 	 ..821 .555 -.348x10-2 -.402x10- -.153x10- .146 -3.90
 

5--3
 
(1.74) 	 (.194xi0 -3) (.516x105 (.371xI0- (.000), (.389) 03)
 

2 -5  
-.655x0"4 -.947x0 - .180x10 .595x105 -2.58
7 AU 	 -.244 .819 

(1.63) . 7421' - ) (.000) (.666x1O (.781x10- 5 ) ......- (-.602Y- --(-l;26)­



TABLE 7B. continued 

'8 9 10 1 12 13- 14 

8. 

9. 

Width 

Labor 

-1.13 

(3.84). 

1.04 

(1.53) 

-1.82 

(1.94) 

.318x10 

(.503o 

-14.6 

(1.61) 

.2 

.8980 

. 

-9.09 

'(2.00) 

2 .651xi0 - 4  

0.-

1.56 

(2.41) 

-. 441x10 -1  

(.9 

3.88 

(1643) 

-. 144 

3"1 

.915 

(9.882) 

10. 'Chi :e -15.2 

(1.49) 

.397 

(1.91) 

16.23 

(2.12) 

7.82 

1.7:.994 

8.51 

1. East Indisi. -13.5 
(1..81) 

.868 
(1.60) 

5.34 
(2d.0 

.960 
(3.00) 

0 

12. American 

13. Egyptian 
Otfl(1.62)'i

cotto 

-10.9 

(cotton--(2.34) 

1.25 

(1.72: 

6.31 
11.21:' 

4.98 

(.631) 

12.41 
A

(.107xi0 1 

14-'OtheL 
Tnm i(.140x1 t 

-. 555 

The numbers in parentheses are t-statistics. 



6& d!'Veftkizi w"'e'eposibiie Ii rebponse Achatiging''ndiititis 

.Subst1tution"was also' pfossible f 'indI of raw'" 

s u s t t u t on -,e l a s t icifi e s ) (i Coot tipuit. "dr:hefifteen partial-i c~ud ng 

own as~tiis) anghefie'ifrntrae of raw~ co tn ne~ r 

statistically si£iicant' drom zero, 'and only cne' has a sign' whi. ls 

a priori implausible. Given that each of' thesejrtial e1asticitie6s: 

all-other 'attirbutes s-d putson the' asumpton that nt. are being 

held""constt 'les'e risultsr are' a po'tent rdm' rto 'fthe' 6 Aracter'f;t 

4"Japanese cott'o.nuixing or blendit g techniques. ' The follow6ingquote 6.i..

a former preside'nt of "the Toyo spinnig' Company'is 'instructive: 

S. when we say 'cotton blendingI we rifer it
 
the technical skill and ability to choose most
 
cheaply and economic~lly those' varieties among: " 
the world's cotton embodied with the necessary
 
and sufficient use values to spin yarns "ofa given
 
quality. Normally speaking, however, since there
 
is no single, variety of raw cotton 'that will simul­
taneously meet their qualifications, men contrive
 
'to 'fulfill their conditions by blending and mixing 
various varieties of raw cotton . . . cotton blending 
consi'sts of :kiltin choosing and purchasing cheaper 
cotton as well as the mechanical skills needed to
 
put thiS"cotton to usel In the mills. 

"InAmerica'Where cotton of a uniform queality is 
plentiful and readily available, there is no economic
 
need"~oresort to blending, so these' skills"have 
not developed there. England, however, is in a geo­

°
 graphical position similar to Japan which shoul':
 
encourage consideration of adopting blending pro­
cedures. They have not", however, developed these
 
either partly perhaps [sic) because trade unions
 
have's voice'In the usage of raw cottoni." Cotton 
blending has therefore, come to be known world-wide
the Japanese.1 
'i a'technilque .unique to 

tK. .Thb- Cotton. Industry, of. Japan (Tokyo: qJpan Society for. heSeki, 
Promotion of Science, 1956).
 



Ofpec lntcres t thissudy, are the elasticities0 tr nformation 

in TabZe 7 between ariablenputs.,and-,output attributes. o example, as 

obs vations, o actual, practice coniror the finer the yarn n the ,Japanese 

cloihj. the. greater, the, input,.fhi ua Elptiae 

cotton. ,, Similarly,, the more,.densely :the yarn hast been laid, in the cloth,, 

the grsater, the iput of,raw cotton. 

In, viewof the continuing interest in,the process, of labor pabor!tion 

in +LDCs, special attention. centers on the elasticities+of,transformation ,. 

and substitution, associated with, the labor variable.- Of -the fifteen elasticities 

presented in Table.;7B,eight are statistically,significant with plausible
 

signs. These estimated,elasticities clearly, suggest,that the. more slack thore 
w nt lk more appropriate it was, to produce coarser yarn. 

was In the labor market- dh
 

Specifically, as Table 7B indcates, a decline inthe pi e olb 

relative to the price of.yarn was ,associatedwith a 1.8%decline in the 

cowit of warp yarn and a .7% decline in the €ount,,,of* weft yarn produced. In other 

words, the lower quality cotton is significantly associated with .argerlabor
 

absorption. This makes sense since: coarser yatn, by,being twisted less, 

makes relatively less,use of,-the most capital intensive processes of the 

textile mill while more labor can be,used to repair the largernumber of 

broken ends in the dpinning prpcess+,. 

The elastci 0 ow that the-moreslack there was in the labor 

market, everything else beingequal, .the easieritwas to use lower, quality 

raw cotton. Raw cotton mixing andblending is a relatiely labor intensive 

Process. With cheap labor available, short-stapled Chinese and East Indian 

Table Incotton could be substituted-for American and Eovnil-i tsctton. 

'i,-i'hoii lZcline,iiTt , thd of.:-abod..re ?rlce.-the,price of
 



Chinese raw cotton is associated with a 14.6% average in the amount of 

Ciiiese raw coton being used bY eachiaborer.' By contrast, a 1 decline A 

'th'Oicd' o' li'ao r ir le to 'the price of0 Aerican raw cottond is 

associated with a 1.6% decline in its use.. 

Finally, it is also clear from Table 7 that the number iof warp 

and weft threads in a square inch of cloth were adjusted to the character 

of the labor market. For a given count (or yarn number), weft yarn, because 

Warp yarnsit is filling, can use lower quality, shorter staple raw cotton. 

For thisto survive breakages in weaving requires higher quality raw cotton. 

as a relatively labor­reason, an increased use of weft yarn may be viewed 

using innovation. This is consistent with our findings which show that the 

more slack in the labor market the number of picks per inch (weft) rose relativw 

to the number of ends (warp).
 

Estimation of the equation system in (2)also makes it possible to
 

obtain estimates of the elasticity of transformation (inthis context
 

sometimes called the elasticity of intensity) and each of the variable
 

output attributes and inputs. These elasticities are presented in Table 8.
 

The results support earlier work by Saxonhouse on the relationship between 

labor quality and labor absorption. The earlier observations on this subject 

by Hirschman and Gerschenkron and the contrasting more recent empirical 
work
 

seem rather too simple. The two quality dimensions of labor have rather 

The more experienced the labor
 different implications for labor absorption. 


the demand

force becomes, the more productive it becomes, but also the greater 


textile industry, i-i other

for labor. Worker experience within the Japanese 

exposure to formal primary
words was labor absorbing, By contrast, while more 


of showing

education also meant a 'moreproductive textile worker, this way 


'G.Saxonhousel"Productivity, Change and Labor Absorption.in Japanese
 

Cotton Spinning, 1891-1935", .op.'cit
 

http:Absorption.in


labor production has diminished the demand for labor. The quality dimension 

u ,Japanese cotton textile labor markets will be explored further in section 

Iv. 



TABLE 8 

ELASTICITIES OF TRANSFORMATION BETWEEN FIXED INPUTS AND VARIABLE QUANTITIES 

Spindle hours Loom hours Length of Shift Experience Education 

I. Weicdht .723 

(10.6) 

.440 

(8.63) 

-. 849xi0­ 3 

(.151) 

2.77 

(1.96) 

1.59, 

(i.82)c 

2. Warp yarn.number .238xi0- 3 

(7.64) 

.745xiO 4 

(1.61) (1.07) 

-. 243xi0-

(1.56) 

682xnf 1 

(1.78)-,., 

3. Weft yarn num•ber241,0 -

(6.85) 

•5210 - 4 

(1.70) 

--•828x0 

(.681) 

- -. 992x10 2 

(1.78) (2.42) 

-390, 

4. Ends per inch 
-5415 

.514xi -

(.338xl0 5 ) 

-3111 

.381xi0 -

(2.68) 

.562xi 
(.786) 

-612 
- .197 

(2.10). 

-2 
.736x0 
(.981)<. 

.'mcis per mnn 

-6.'Plain weave .-

-1 
.881 .334xi0 

(.162xi0 2 ) (4.02) 

2,xld-4 -4 

.621xi0 4 -. 139xi0 

.546x10 3 (l.'09) 

-2 
-. 264x10 

(1.35) 
-

.158x10 3 

(.673) 

.212 

(3.02) 

z-(1.55) ' - ' 
-

-2 
.681xi0, 

(1.41) 

.132-­

(1.00)­



TABLE 8 continued 

i. =Spirnle hours Iocm hours Length of Shift Ektbiience Ed6aticn 

7. TAU weave .735x0-4 

(.442xldf3 ) 

.167x0- 2 

(.742) 

.710X10­

(.285x1­

4 

3 

.593x1f-2 

(1.09) 

.10 °O-

Q1.16) 

8. 

9. 

10. 

Width 

Labor 

Chinese cotton 

.320xi0 3 

(1.91x1) 

.861 

(5.23) 

.505 
(4.61) 

.726xi0 - 1 

(2.15) 

.391 

1.78) 

-1.34 
(1.51)-

.000 

(.000) 

.561 

(4.01),1 

.231 
(.984) 

,.112x10 ­ 4 

G 626x12) 

:,1.80 

. 

-1.07 
(4.61). 

°532xiO-3 

(.501) 

-. 657 

.(409 

-.219x10-" 
J .846) 

11. East Iridian cttox .892 

(6.13) 

.361x10- 2 

(1.856) 

.149 

(.611) 

1.25 

(3.89) 

.571x10 1 

(.298) 

12. ,-Amexcan cottcn .715 

(4.48) 

.517 

(3.29) 

.474 

(.251) 

.223 .. 

(.681)..-

. 3, 

(1.96)-.. 



TABLE 8 continued 

spindle hours Loam hours Iength of Shift, Exe4ne4dctc 

1.01 1.21 .840x10-2 -. 9910- 1.14 
13. Egyptian-dotton 

(3.36) (.936) (1.31) (1.41) 1 (1.48) 

.437x10- 2 -. 182xi0_ 1 -. 849xlr g14. Other cotton .529 .141x0- 1 

(.976) "(.€.94) ( 219Ao-l (7:9.4!) j (.622) 

7The numbers in parentheses-are t-statistics. The elasticities calculated iiV both 

Tables 3'an&d,-4 are for mean variables of. the variable quantities and fixed inputs only. 



. si~t~aeLnt o e Pebble. iie 

I~. th Vesthistorcal tratment of th ise heht 

ystem have always stressed the attitudesi pressures, iid diioien ts 

of wrkers. Despite this historical interest most economic analysis 
of early European and Aerican industrialization has stressed changes 

iit in theh ul themate d for labor, particularly techno­

.
Ajoicil deveelopments, capital aeciiulation and the opening Of madike 


Tiisj has been even more true for developing economies.
 

Nbt surprisingly, the fe systematic international historical
 

copAisbns of labor supply which have been made have come up irith
 

kdrris; witing in the 1960's; concludes
iidely diverse conclu~ions. 


as a "slack vrariable" and extends is
explicitly that labor suppy 

as rtion ii oilny to In-dia (1855-1941) but to Great Btaa (177084( 

iih o icse did the shortage of sktlld labor.;;inhibit the pace at 

*lii~hthe 1duistr: woudild Otihejiiisg hd expainded ~~; I ti~ki ssf 

s that the supply of riiskii ld labor wis ntder an iinhibitigii 

factor in econoiic growh. ; 1 y contiii ershenkron has made thi 

the early stages ofijelasticity of the supply of such labor in 
in endowment and demogaphic
evelo~pment, regardless of differences 

pressures, a foundation stone 
in his understanding of the industrial
 

1Irri.s D. Morris, "The Recruitment of an Industrial Labor i6re
 

in India; with British and American Comparisons" Comparattve--Sttdies
 
iiiSociety and History 2 (April, 1960).
 



.
d ie~opienit ,of tlii'va:[usconlt nental ,~opean o rtises.! Lactcin
 

thet~i o~~ts'ofitbilityriabiiit and disediisoit is argued that the
 

underemployed peasants and urban poor of nineteenth"century Central 

Aind Easnb EUr0e did t 'isate into'a ready sipplyi.ot necessarily h b


of labor for the newly bbrrowed Western Eurbpean factory system.
..., 


0ok japaf, 4uie unlike3 th., eerieh ft E4iurope and the United 

States,.hitboricallyiiicliiied eoh6ss afid economic historians have 

not neglected the,descriti6i ahid econdfic analysis of the supply of 

labor in darly liddistriaii.ation. Two-sector Marxist school derived
 

odels of iapanese econdic development were developed in the 20is
 

aid 30s which aii6ig othe r oiAtibutions analyzed how changes in agri­

cuitural conditi6ns ihtiii afect the terms of labor supply to the 

indusitriil sectdir Ifi ihe iostihar period, Kazushi Ohkawa, building 

on some of -thesi iaiief ifiiijhtbdeveioped a highly influential 

model whibl tatiiializ.d the 6bbistence of Japanese uiiempluymenhit
 

loith eqiiibrium coiidiiibfs biy iibdifig aVedAge ptoductiiity pricing 

of labor ini agriiiltii& iiid-kiifii todtiitiity Oticing it, izs tial 

6hkawai v0iew tii Japd-n' iijostiai setof fed on elasic sitppiies 

6f iAb Jfto~ th iAAdiii6fiai giit ti iii b6ipatible with k6 6is 

work cited iarliei) ii iiily c6ntisaed- .ershenfkon' d.itfi 


1Alexander Gerschenkron; Ecoiicinic Bakiadfieds in Hist6rical Peri­
spective (Cambridge, Mass., 1962).
 

2This analysis is presented in Kazushi Ohkawa, Nogyo no keizai 
bunseki (Tokyo, 1955), among other places. Ohkawa's model is closely
related to models in the West in the W. Arthur Lewis tradition [see
"Economic Development with Unlimited Supplies of Labour", Manchester 
School 22 (May 1954)] and Fei and Ranis, Development of the Labor 
Su s Econoy Theor and Policy, Richard D. Irwin, 1964. 
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ymurope,,dyqenthistorical finding that, for continental of flaboz 

is:: not synonymous with elastic supplies. oE labor to(anasce3ntindustriall 
k1
 

sector. Rosovsky, supporting Ohkawa, finds, that Japan, unlike1XermanYb.,, 

- and Russia, could quickly convert its,underemployed agricultural ,populati 

into a disciplined and reliable industrial labor,force:,.
 

There is both direct and indirect.evideppe thal 

was capable of forming a disciplined, and reliable labor. force, 

suitable for factory work, more easily than many,,backward. 

countries of continental Europe. The historical recordsuc
 

as it is, wntains few complaints on this score. Population
 

growth spewed forth labor from the countryside, creating'
 

competition for industrial jobs; and even -though it took,
 

a long time to cut the cord reaching to the rural areas,
 

after a while the cord became stretched beyond recognition.
 

Rosovsky explains Japan's success in this area by, noting ,the survival 

of' traditional ,institutions inI,.. the earlyi.; , - factory. . system:-, :- . : : ' 

Sociologists,tell us that Japanese society is very
 

"integrated" and therefore may present lesser disciplinary
 

problems. Others have emphasized innovating enter­

prising leadership, combined with teamwork and-solidarity.,, 

in group organizationt 1sufficient" togive .order, and.momen 

turnto the process of change. Contemplating factory­

-employment, or more ° specifically serqvicing ,a machin,
 

70 in-!Jaan~(Glencoii' Ill. 

SH tt;,Rosovsky,. Caital: ormation,-ap g 
p. 103,
 6 



probably filled the early Japanese worker with a certain
 

amount of horror. But the transition was made softer
 

and smoother by the concessions which the factory was
 

willing to make to him: he was still treated as a typical
 

Japanese...Japanese economic development has taken place
 

with much less change from the kinds of social organizatioi
 

and social relations of pre-industrial or non-industrial
 

Japan than would be expected from the Western model of
 

the growth of industrial society.
 

Rosovsky's writing on Japan's labor force in early industrializa­

tion remains an extreme statement of the view that 1) Japan had relatively
 

elastic supplies of labor suitable for factory work and 2) the ease with 

which early Japanese industry obtained such labor may be attributed to 

culturally distinctive cIrcumstances. Subsequent Western writers have 

emphasized the important Japanese scholarship and primary evidence whic 

Rosovsky overlooked in drawing his coLiclusions. Indeed the pendulum 

has swung far in the other direction, *'ith Saxonhouse now finding that 

the early Japanese factory textile labor force was more unstable and 

undisciplined than their historical counterparts elsewhere in Asia, in 

the Northern and Southern United States and in continental Europe$ 

certainly an encouraging finding as far as todays LDC's are concerned. 

1Thid
 

2In Gary R. Saxonhouse "Country Girls and Communication Among 
Competitors in the Japanese Cotton Spinning Industry" in Hugh Patri
 
(ed.), Japanese Industrialization and Its Social Consequence (Berkeley,
 
California, 1976) instability is indexed primarily by turnover experience.
 
Similar conclusions, however, can be drawn from examination of the rate
 
of absenteeism.
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wreover, this finding is not based on the culturally innerent unsuita­

bility of Japanese men and women for long-term textile factory work. 

Rather, Japan's early industrialists got the kind of labor force they 

wanted. Resources do not appear to have been spent in unsuccessful 

not bc- done. What is most interesting foreforts to do what could 

our pvrposes here is that profit maximization by textile industry
 

entrepreneurs and utility maximization by unskilled workers led to
 

an equilibrium which did not resemble a stable, permanent labor force.
 

Gerschenkron argued that underemployed labor notwithstanding, the
 

absence of the traits of reliability, stability and discipline in 

workers recently emerged from peasant society would force newly 

developing economies to adopt lar"e-scale, capital intensive modes 

of production. Quite to the contrary, Japan accommodated a large 

volume of labor along labor intensive productive functions,with 

the quality of the early industrial labor force apparently as much
 

a decision variable as scale and factor proportions.
 

B. The Supply of Qua-iiy worKera anu LuU mtutLu A.LPL Quality in-Jobs 

How did the labor market operate in the textile industry, given
 

the fact that wages were only marginally above agricultural opportunity
 

cost and that mill owners were reluctant to finance on the job quality
 

improvement programs because of the unusual degree of technological
 

homogeneity plus Virtually free entry of the Japanese textile industry?
 

An investment'"in the work force,. could ,not be easily recouped. fwextlle 

workersaor their;-part werefitypLcally.,1n-no, position- to maKe sucn an 



investment. With opportunities thus constricted, low wanes and hilth
 

turnover persisted for decades as the industry norm
 

This discussion of the transience and instability of the Japanese
 

textile industry labor force ignores the paternalistic practices em­

phasized by Rosovsky in his account of the Meiji labor force. Over
 

the long-term,instability and indiscipline make strange bedfellows with
 

paternalism. Yet this apparently was the case for at least fifty years
 

in Japan--persisting even beyond the 1929 Factory Act. How do these
 

paternalistic practices fit into the picture drawn here of a labor force
 

whose indisciplineand instability was the accepted outcome of industry
 

policies? It is easy to suggest that paternalism was adopted to mask
 

the use of very yodng workers in what were, by Japanese and Western
 

standards, very mean circumstances. But this is too simple. Japanese
 

cotton spinning mills did have all the accoutrements of paternalism.
 

There was the mill dormitory and the dining hall, the mill health
 

personnel and dispensary and/or hospital, the mill school with teacher
 

and classrooms, as well as the other side of paternalism--the often
 

severe restrictions on mill worker activity during non-working hours.
 

What were the Japanese mill managers trying to accomplish with this
 

panoply of ameliorative institutions and how did these nonpecuniary
 

dimensions of quality affect labor supply and.job choice?
 

In what follows, the Japanese cotton spinning mill will be viewe
 

as supplying a bundle of job characteristics relating to wages, pace
 

of work, hazards and.health care and the,,avnilability,and quality poE
 

dormitory life., ;Workers will be.viewed,-ashaving preferences.wit
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respect to varying bundles of job characteristics. Such preferences,
 

will be assumed to vary with the traits of these workers, e.g.'-age,
 

experience and education. The market equilibrium in early- industriali­

zation resulting from the interaction of firm desires and capabilities
 

with workers' preferences and opportunities needs to be studied more
 

systematically.
 

C. The Data Base
 

The early developmeuu uL Lau japuucau ucxLLLC Industry presents 

an unusual opportunity for conducting an investigation into worker 

preferences and worker quality. In 1897,as discussions in the Ministry 

of Agriculture and Commerce caused heightened concern among cotton
 

spinning firms that strict factory legislation might be enacted,the
 

All Japan Cotton Spinners Association, hereafter Boren, established a
 

working group of the representatives of fourteen firms for the purpose
 

of collecting information on the working conditions in the industry.
 

In an industry whose constituent firms had been reporting to Boren for
 

more than eight years a remarkably detailed account of.their outputs,
 

inputs and costs, it is perhaps not surprising that this committee was
 

exceedingly successful in meeting its charge. Seventy-one thousand
 

workers in seventy-five mills were examined. A detailed report was
 

obtained from each mill 1) on recruitment practices and payments;
 

1Elsewhere [in Gary R. Saxonhouse "Productivity Change and Labor
 
Absorption in Japanese Cotton* Spinning 1891-1935" Quarterly Journal of
 
Economics XCI (Hay 1977), pp. 195-221) it has been established that
 
increasing education and experience were major determinants of produc-'
 
tivity change.
 

2See data utilized in Section II,above.
 



2) on mill workers classified by age, work experience and literacy;
 

3) on number and length of rest periods during a working day and on
 

length of shifts and number of days between shift rotation;4) on the
 

mill wage payment system;5) on mill expenditures on health care,
 

the incidence of sickness, injury, and death attributable to particular
 

diseases and other causes;6) on the existence of mill dormitories,
 

their rules and provision of services restriction; and 7) on the rate
 

of worker absenteeism and turnover.
 

The summary of this investigation paints an interesting picture
 

of mill life in the late 1890's. A significant percentage of the
 

total labor force was recruited hundreds of miles from where the
 

spinning mills were located. Already in the 1890b, the familiar
 

pattern of Kansai (Osaka, Kobe and Kyoto) mills recruiting girls
 

from Southern Kyushu and Shikoku, and Kanto (Tokyo area) mills re­

cruiting girls from northern Honshu had become established. Upon
 

successful recruitment the usually teen-aged girl's family receiveu
 

a bonus which, on the average, was equivalent to approximately
 

twenty days' beginning wages. For the female labor force as a whole
 

the average age was nineteen years, with almost thirty percent of
 

the labor force aged fourteen years or less.
 

The young girls faced a working day which, on the average, was 

almost twelve hours longwith something in excess of three rest 

periods,cumulating to one hour, interspersed throughout the day, 

Half the mill labor force workeda day shift, typically begiinnig 

.at'six.ocl6ck iAn the:.morning, and half -worked an eveninig shift 



Shifts were normally rotated
beginning at six o'clock in the evening. 

at weekly intervals. 

A large mqjority of the female workers lived in company-run dormi­

tories. These dormitorieu, to some extent inspired by glowing reports 

of the early 19th century Lowell, Massachusetts experience, offered the 

workers many services and placed many restrictions on the workers' off 

the job activities.1 Permission to leave the mill compound was restricted.
 

Mill regulations varied--some mills allowing one or two hours outside
 

the mill each day, others none. In practice, these regulations were
 

more of a mill ideal than a practice. Infractions of mill discipline,
 

a less than excellent attendance record and an otherwise poor work
 

record could lead to a suspension of the privilege.
 

Included among the benefits offered were subsidized food in company
 

dormitories and health and educational facilities.- The implicit food sub­

sidy per month was on the average equivalent to a week's wage for an
 

inexperienced female recruit. Also, sixty-three of the sixty-five mills
 

reporting on their provision of health care had dispensaries, staffed
 

by at least one full-time nurse, while thirty-seven of the mills
 

surveyed offered general educational instruction to its workers.
 

Having dispensaries in the mills certainly made sense since one
 

time or another during the course of the year at each mill an average 

of seventy-five percent 6f the labor force would become ill. And while
 

IOn:the role of.foreign models, in the. development of the spinning,. 

industry's dormitoiy system see Gary R. Saxonhouse A Tale of Japanese 
Technological.-Diff usio in the :1Miji, Period"'.Journal.,of Economic History.. 
XXarIV (March 1974). 

­



it is difficult to ascertain the quality of the health carethe survival 

rate of mill workers from sickness and accident was excellent. The mills 

surveyed experienced no more than 4.3 deaths per 1000 workers during 1897,
 

a lower mortality rate than the average of the age cohorts from which
 

they were drawn.
1
 

It is equally difficult to ascertain the quality of the primary
 

education offered. It should be noted that among the thirty-seven mills
 

offering primary education there were, on the average, four instructors
 

for each 1000 female workers. Since thirty percent of the work force was
 

fourteen or under, individual exposure was probably quite limited. More­

over, receptivity was undoubtedly reduced by having the two-hour long
 

classes typically scheduled for workers coming off an eleven hour working
 

day.
 

The high labor turnover characteristic of the cotton spinning labor 

force during the entire period was demonstrated in this 1897 survey. Over 

forty percent of the newly recruited workers left the mills within the 

first six months of their initial employment, i.e., the average work ex­

perience of the spinning industry labor force in 1897 was about eighteen 

months. In addition, temporary absences ran high, i.e. the rate of 

absenteeism among dormitory workers during the survey month was 8.3 percent. 

,Therewas, oX course, some auto-selectivity.a work hereqin terms 
or the more fit more likely to.be recruited. 



D. The Conceptuhl Framework for the Analysis of Job and Worker Attributes
 

The traditional theoretical treatment of job choice which goes back
 

as far .as Adam Smith has stressed wage differentials as compensating for
 

differences in job attributes. Similarly, the historical treatment of 

lid itrliation has highlighted the importance of 
Job choice in earyInudtazat g 

working conditions and living environments in addition to wages in the
 

For all the theoretical
decision to accept and maintain a factory Job. 


insights and historical descriptions,there has been little systematic
 

econometric analysis of the market for job characteristics, whether with
 

In part, the lack of sufficiently rich
contemporary or historical data. 


data sets has been responsible. In part,there has also been the presump­

tion that the forces producing observed wage variation are so varied and
 

so complex as to preclude isolating the impact of individual effects.
 

It is not clear, however, why price determination in labor markets should
 

Indeed,
be more complex than in any other market where tied sales occur. 


the hedonic reconstruction of demand theory suggests that tied sales and
 

package deals of product characteristics are 'therule and not the exception
 

in virtually all market exchange. With this in mind and given the availa­

bility of our unusually rich data set we endeavor , in what follows, to
 

investigate workers' preferences with respect to the place of employment.
 

The market which is being investigated here consists of firms on the
 

one side that, in the context of profit maximization, were seeking workers
 

of varying quality and were offering wages and the opportunity to live
 

and work in a mill compound offering many amenitiesi,'a f d some disamenities. 

Oith 6hei~.)f. -ts, of "atfemptingvaa i.th'e, course 
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to uaximize utility, were seeking'higher wagesi.j and better 'k Lng ' 

conditions and living environments. 'Itis further assumed that firm 

decisions on the quality mix of workers hired and the mix'of meniti-es 

and disamenities were separable from other firm decisions. Similarly, 

it is assumed that worker decisions regarding the mix among wages ,and
 

other -amenities were separable from other consumption decisions.
 

Ignoring random terms the model to be estimated can be writteu as
 

(1) 	 W (a) = Fi (Wc W, Bi,...,gn* T1 , *... Tk) _...i L.., 

demand for labor job characteristics; 

(2) Wi(B) 	- Gi(Wc9i ,e. ,T.# p . T"" **0 M") i - is ... 

7 supply of labor job characteristics;
 

where Wi(9) is the price of the job characteristic Bi
 

Wc is money wages available for off the job consumption
 

W ismoney fees available for off the job-.consumption
 

T is the jth worker's attribute
 

is the kth nonjob firm characteristic
 

The W's, 3's, and T's in the system of demand and supply equations (1)
 

'
and (2)are assumed to be endogenous. The M's are assumed predetermined. 

Thus, if M > k + n + 1 the demand equations will be identified. 

While data on the 5i' Wc# W , Tj and N are potentially available 

the absence cf explicit markets for individual job characteristics as
 

opposed to jobs or bundles of job characteristics means the Wi would
 

not normally be available. It has been widely suggested that the W.
 

might be computed indirectly from the derivative of the regression which
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explains W8,, .,Thus# we~. et~wageq, , explained by, 

(3) We. Z T ,) 

It:.,should be-'emphasized that istimitiOnl of (3) without following 

through withlthe :estitation of the sYstem of 'supply and demand equations 

Vt (a)may be thoughtwill;not-'ive'us the'iniformation being "sought here. 


of as ,afunction which traces out the ,transactionsgenerated by the
 

intersection of buyers of B.1s compensated demand functions and sellers
 

of a !s compensated supply functions, i.e. suppressing all other changes.
 

In the markets for job characteristics being studied here workers clearly
 

differ according to their traits and :qualities, and firms clearly differ
 

according to their cost conditions, if for no other reason than that
 

factor prices did differ regionally in Japan. Thus, (5)is generated
 

by many different demand functions intersecting with many different
 

supply functions as determined by the distribution of buyers and sellers
 

in the,189, cross-section sample. The slope of Oi(g) in the i Bi 

spaceisnot the slope of.a demand curve nor, the slope of a supply curve. 

If we wish to understand the determinants of the transactions prices for 

each of the Jopb characteristics rather than: "simply!' the implicit trans­

action price,itself ,demand and supply functions must ba identified and 



estimated. 

E. The Estimation of the 1mp.J.ULj,6LL O1 uuw'rUKLu ,:iuu:unaracreriscics 

In the estimation which follows it will be assumed that i(3)is 

semi-logarithmic.
 

In Iff- 46~ + Eb T. Eck 

Vhere Wcf female wage rate 

.91 B payment to recruite 

a lefigth of wobkifng, shift 

53 s length of test peribdd diriig shift 

54 E.incidece of sibkiess and ihjtikit ia 6f work 

5 L mortali* at place of work 

8=living6 in dbr Oi 

57 B if dormitory occupant, nufaber 6f fMe hltii Oer day 

d B= food subsidy per doifnitoY wokle 

per worker 

Even if labor were perfectly mobile should differ from mill to 

mill provided the functional form of (3).is nonlinear- This is an issue
 
which may be resolved empirically, but that a nonlinear form for (3)might
 
be hypothesized at all requires some discussion. First, it must be assumed
 
that workers cannot repackage Jobs. in the present context this is quite
 
easy to assume. Part-time work was really not feasible at all for mill
 
girls. Also all renumerative work was done within the set mill environ­
ment. If mill workers slept in the dormitories and if their access to the
 
world outside was limited they could hardly fail to use company dining
 
halls or company health facilities. Second, it is also assumed that firm
 

a common
technology for designing or producing jobs is not linear. This is 

but, of course, not universally made assumption for production functions.
 
For further discussion of these issues see Rosen op. cit. and Lucas op. cit.
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2) hiftisiiandioet Idicde
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d 

gifth lengh meant lower wages. ThAt the absolUte uigngi of two doeffi­

~i~l~i&~ealo s~atstialy insigijicant from onre antother even 4. 

tidy~~~~~~~ i~ ifri zero is reassUrinig~higifcil rom 

the sizeB of the.,doefftiint suggests that typically the imginadl 

coineationdi for additionali work by bill hands was less thani aerage 

cOMPenain Ao the deried demnd fot labor anid worker preferences 

betideen lisurie did workiiight yield this restlt is, left f~t futture 

iilydis Aiid the fulle §tfitistical iddmitifidAtion of the appropriate 

:3) healtith anid SAfety 

Iin aseiifg the 1iijiat 6f heith aid afety aoiiditidi ini the ti: 

AI&I ijAlysid here ishAmpeiddAi ewihefijy di1ffridt pititfms ofa~s 

iiljtcojliied~ty The coeffidiit oii slckfii id itijury sit isigiii-

Wityjfiei fdiom zek w-dith the ifiig sigui. Oni the Wtti haid the 

dadidi iionmotifty it stfititidiiiiy diifret ftoi zero ith the 

.§ftoi gh; the iiitiid 6i the 6ohfcinotality suiggests thaton 


the typicAl femiale iodikoi ibe-eiiuiig the aiveraige inidtrty wagei would pay 

lbiika more than, i 2 over hefr petiod od &podyt iii 6diE tidiiaa 
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4) 6Dcbitory onditionsa and Free TiVe
 

Th : eharaeteriatie ere­tema:lAng :job : lein .theIwage eplAifi.A9 


sioi ate all statistically ... z.ro Wores liditl
different" frob- .


- paid f6 theirt dothitory*aeeouodatins and 'food- ' FiN in1897 

Impliitly 'ompeneated workers for the ,restrictibns placed ',on.their 

actVit'ited during'their 'leisure, ,'-At the'sameteworkers impliitly
-

paid tuition forx the-existence-'and quality of schools *ithin the
 

dotmito y compoundi While testtietiong onileisura demanded dompengatioll
 

the worker apparently ea not indifferent as -to Vhat she did while
 

confined withini the mill tompound,
 

iertiag ample-values fot wages and firms Vith one-hundred 

fmale vorkedrtathe estimated coefficient on .domitoty living Implies 

that an additionil wotrker living in the doftitory ,VouldOay an imjA. 

plicit refit equiVAlent to eight and one-half percaflt -of actual wageda 

SUdh a share for rent in -t6taIexpenditue sinot, u of linie t-Vth 

thaobudgdt data whijih at6e idependetiLy available for tahdiat thd 

1he c fcen 6ithd hourta of fras- tifte for tdll V~tkeafs ,iiig 

imd6ifitdtiei.j widj bignificatl y differet: Ifti tdtd ibs axceedingiy­

"si~ Thel Ofioe tf 'Ai extr hout 0-f fee tift: outgide thd ii 

po~ida ~e~stha 1pert o~f -d ddyk' ageorbt it kili thi 

iO~v~itAirrisiigt~itmaybeaplifid& C'i i~tie ' yfia Vita. 

ifthis oiie itistance the data might be itipect, Smple information.,Onl 

iiibei of daijhours alowed .:,outside the"mill I.,wwdutdwas b 

lum&I itivesigiato I oM--fiii 't~uaiu,bns tio 6ifid f'I the af 

http:lAifi.A9


moat of the information, collected froma- tpcal4it does5 ol1ow~that. the 
a8 Is corect.

tivly, asumng the~da 

vork~r already aliowed two. hours ,utsidedidnot ' yaluegadditional, free 
t5,,part:,should .take~th±6~attitudemlli£or,That the,-dora very hihly. 

is still.gsomethins 1 a:puhle., ;Elsewhere it,.has-,been,shown: that the, 

runaway rate, of mill, recruits was so high for-so rlong that mills almost), 

cut. this rate !had they been ,oinclined. -The,
certainly, coudhave 

mills.,chose not to do so because they/vieed,.orkers' running--away from 

the mill ,sanacceptable means of ..separation.,q ]Roticej in- Table 9 that. 

even the mills with relatively high rates,. ,fretention of newly ,recruited 

workers paid such-cohorts ,of recruitees no.special ,premium. 0.The,,ills, 

even , the small Iresources
in other words, were not .interested -in iinvesting 

necessary to,build:a,work force, composed primarily of longer-term
 

workers* . The: low implicitpvice, for ,lessening mill workers'. opportunities 

to run away is certainly ,consistent with this view. 

The coefficient on food s.ubsidies for workers in ,,thewage explaining 

eiession implies that typical workers implicitly "returned" 
approximatel 

twenty-eight percent ,of this-, subsidy in the .form,of ,,lower wages. This is 

,V91ifn, since, if we assume the possibility of, arbitrage among Job 

6#pottunities of, varing charaeteristics there should ihave been.-a yen for 

Given, however , the,.,yeft subet*itution between ,wages -and food subsidies., 
could not really be untied.the ­factithat padkages of ioh ch8acte istic 

in~te ~puee ottont tpiifittgIdus~try tY1.oit, 



resultsherie areplaisibli- Workerstedi".i adm1 1 o i to yc ompn 
J , C . °ijj~jd f ."'t ' provide mealswth' restricted' access 'to outside"ad firms had 

The inability to cater to individual tastes and' to problems inhereiit in 

lace alowthe mass preparation of food may hai"e aused workers to vaue 
u
 

on what the firm was providing no mtter' how effiienly" te e ..firm ... t 

have been performing this function. 

It will be noticed that the coefficient on literacy -in the wage 

explaining regression is insignificantly different from zero. Notwithstand­

ing that firms do not pay literate workers a p'emf, workes did.im.plicitly 

pay fir-is for the quantity and quality of education offered. tFor exampi le,t"I !1e a plt , 

when the"'ills doubled the number of instructors pet'Sstudents or bhalved 

the class size. workers implicitly paid five and one-half percent oef
 

money wages they would have otherwise received in return for this opportunity.
 

'
 
Such implicit payments are all the more surprising since, as was 'poinited
 

out, these classes were attended after the conclusion of a twelve-houri
+'-L
 

nchievement
day or night shift. The importance of the of literacy as
 

consumption good seems to be underlined.
 

5. Worker Traits
 

While the Japanese cotton spinning mills of 1897 apparently paid no
 

intionk to

premium to workers for their literacy or for their initial dis 


run away,, the other.traits in .the wage explaining,equation are statistically
 

The coefficient on the..rateof absenteeism is,however
'diffrin.fiom zero. 


iAlao, perhaps, because the.. .. ,+: + ,+..
mill was buying in bulk,conceivably the
Athe 


Worker might'have implicitly paid n,,t' mnim than it wag costini the firm to
 

provide the subsidized food.
 



fficien.t s althat ,itappear ,tihitypical : .11 provided little 
tra compensation fororkerswth good attendance. Thisis interesting 

s1ice already in,1897 .quite a few, mills were reporting programs of, 
Sbousep .for workers ,with perfect attendance records. Since there is 

evidence that,such programs did not have a time,series,impact
1 it
 

should not be too surprising to find that their cross-sectional impact
 

was also ,qutelimited.
 

f
,Iworkersdid not receive;a substantial special prem-um for good 

,attendance, age and increased experience appear to have brought signi­

ficant rewards. While multicollinearity,dogs any effort at precisely 

distinguishing the separate impact of increased age from increased
 

experience in this sample, they are each significantly different from 

,zero within a 10 percent critical region., Taken jointly a small critical 

regionwill suffice to reject the null hypothesis. A twenty year old
 

worker .with a year and 6ne-half's experience in a firm of some two
 

hundred.,workers might expect a 5 percent increase in wages should she
 

work one additional year. 2 

1S faxnhoi-e-,- "Country irls aad Communication AkonR Competitors 
in the Japanese Cotton Spinning Industry!' 'O. it. 

_7- 12 In Saxonhouse, '"Country Girls and CouMunication Among Competitors
 

in the Japanese Cotton Spinning Industry" op. cit, using a more comprehensive
 
data'set for the 1891-1935 period, relationships between productivity and
 
experience and wages and experience were found in a general setting to be
 
significant. The coexistence between these relationships and high turnover 
and firm disinterest in cutting turnover can be understood if it is recog­
nized that 1) technologically speaking most Japanese mills were almost
 
identical and 2)most firms were reluctant to invest in improving
 
the quality of their workers. In this paper it was argued that the
 
Improvement inworker skills was mainly worker financed.
 



F. The Estimation of the Utility Function of Workers With Varying Traits 

Having briefly sumarized what the estimation of (3)can tell us
 

about the implicit market prices for job characteristics and the in­

stitutions of mill paternalism, an effort will now be made to look at 

Market price is determine,4
the determinants of these market prices. 


by the interaction of supply and demand. It should be the intention
 

here to estimate both these functions. Unfortunately, as can be seei,
 

from equations (1) and (2), while it is possible to identify the 

demand for job characteristics, using nonjob firm characteristics
 

which do not appear in (1), there are no variables in (1) available 

for use as exclusion restrictions in order to identify (2). Workers.
 

traits are assumed to affect both supply and demand functions.' Thus,
 

in what follows only individual worker demand functions for job _char­

acteristics will be estimated.
 

WIth only one side of the market firmly identified, a full
 

'
 
explanation of the determination of'the price of job'characteristics
 

cannot be given. Nonetheless, estimation of the worker demand, function 

alone will still provide,an, invaluable source of information regarding 

what workers valued in the early period of Japan's industrialization. 

. and wilJ...."fiveworker taits"' the : astimationWith t jb'characteristicsfunctions ,~e "'' .. ": 

will serve the, purposes of the
of assem 'fdendc tionswh 


avalvais here is more complex. It is desirable to allow interaction,
 

among the demanas zor job ri:haracteristics. , At -the samef time, with:, so
 

.nv variables. unless ,considerable'structure is imposedlon the problemr z
 



Sthere is little',hoDe of feasible estimation. Thus, on the one hand, .,L
 

.wil be assumed that worKers naa transcenaenra± j.ogarlrnmlc uL1-iry 

-functions, a,functional form which offers, very rich possibilities for 

-interaction between various job characteristics, 1 and from which a 

.system of demand equations can be derived. On the other hand, it will 

be assumed that the utility function here is a utility tree with four 

branches. The worker, it is hypothesized, makes a decision on how to 

allocate her Beckerian income among four large categories of off­

and on-the-job expenditures.3 Ater the decision to allocate among
 
d ', on-enditur 

these four categories, a decision is made on within category expendi­

tures. The four categories include
 

4
W Off the Job Consumption
 

.c off the job consumption jU.- L 15Uy w-5e 

W 7,onsumption out of bonuses paid at time of recruitment
 

A description of a transcendental logarithmic utility function is
 

given in W.,,E. Diewert, 'Applications,of Quality,Theory" in Frontiers
 
of Quantitative Econbmics Vol. 11, ed. by'Mihael D. Intiigator-and
 
David Kendrick (&sterdam: North-Holland, .,974).
 

The utility tree,approach is described -in R. A. Strotz,. :"The
 

Empirical Implications of a Utility Tree," Econometrica XXV (April
 
"1957),and :R. H. Strotz,. "The Uility Tree--A.Correction and Further
 
Appraisal," Econometrica XXVII (July, 1959)
 

.B,Beckerian income is defined, as the sum of money wages plus the
 
ma umwwages which' might be received by the worker. On this 'concept
 
see Gary, Becker, "A Theory of the Allocationof Time" _ Journal
Economic 

LXXV (Se pember, 1965). cation..f..Time" Economic Jou.n.l
 

These categories are arguably arbitrary, but given the functional
 
form being: used here some such choice is necessary., A priori it is 
clear that it makes no sense to estimate the health care branch. IU 
a two.attribute world 12a and B2b can only-be substitutes. This is,,' 
beyond the realm of plausibility. In any event, since it is not possible 
to got statistically significant estimates of W1 2, it will be assumed 

th52( 2a, 2b) - 02b.2 



51 -Pace of Work
 

51a length of rest periods
 

lb- length of working shifts
 

59 Health Care
 

2a -~Incidence of sickness and injur
 

a2b E incidence of mortality',
 

53 Availability and Quality of Dormitory Experience
 

S3a B Z of workers living in dormitories
 

=
"3b numbers of hours of time outside mill compound per day 

53c- food subsidy per dormitory worker x % of workers liviig
in dormitories 

instructional personnel for company school per worker 

Formally the above system can be expressed as follows:
 

(4) lnU- ln U(W W. lb, a2a' a,2b'.;3a' ; T)c , l , T)3c"13d 

- In U[WT(W, Wf) a1 (Z a'0Flb)'.02(02a' B2b)' Z3(Z3a' 3b' "3c' 5 3d; T)] 

where, as before, T is the traits vector.
 

Assume now that the worker is maximizing her instantaneous utility
 

subject to the constraint that
 
3.j 

(5) W- i: i io 

within the 'large budget allocation.- The first order conditions for the
 

'The anal.ytics of utility maximization and the .derivation of the
 
system ofdem-and,-,equations will be done for the tree and its four brandhes
 
The analytics of the within branch utility maximization, of course, are
 
identical',
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maxlzation0ofutility can be written as follows% 

Oln U W 

aln U. U*M% {i =-1, 2, 3)
aln Z U_
 

iU
 

where V is the marginal utility of income. From the budget constraint 

3' _ ) so that 
U WE aln W OnZ 

(8in U W (DIn U, 31n U
 
aIn W+ E a i
 

The form~of the relationship usedto approximate the negative logarithm 

of the utility function is given by 

)-In = a + In W+ E I + 0 in 

.3 3-+	z, , , . ,.n--Z In,9i
 
i=lj=l i j
 

3 	 5. 

', 	 lin TjlnW In T, + E T0 ln 

Using ths form With (8)the following can be obtained 

Tk 4 
V + i. k: 

.	 + i TO 

.0. + + W n T 	 + EU + 9 iWTln 

In In W + +n 

In1 O In ;S+ Ea3 Inka~ l+ 
i 	 .Oa . 1T . ," 

'IES+ 
- .... + :;(' 

0 i 1 
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Rearranging
 

W [ + + In nTk + EOW 
 ,
 

717 1Wk
 
S+0 a1 InW+ 
 lE0Zj + T lnTk 

Wi+i = a +EW+ E0 nZ + i Tk l W 

1~ 1 k m 

+ E8 Tk in Tk)]
 

(i.-1, 2, 3) 

The budget share equations in (n) constitute the first level of the
 

system of demand ihich will be estimated. Of the four equations, because
 

of the budget constraint$ only three are independent. In the empirical
 

work to be reported it is assumed that the budget share equations have
 

additive disturbances with a joint normal distribution. Given the dis­

turbances of any n - 1 of the budget share equations, the disturbance
 

of the remaining equation can be determined from the budget constrint.i
 

The estimation of the within branch share equations will proceed
 

analogously with the first level of estimation, W(W, Wf)b 'i ia'-sib) .
 

2( 2a' 52b)3 and 3(%3, A B3b, 13c' B3d) will be separately approximated
 

by a transcendentai logarithi oihon analogous to (7) aind separate .blockd. 

of bUlide Bhnir equatibn anaio~us to (i0)wiii be derivedi 

1The budget share eqUatiOni (ii)ate hiibgeieodd of degree i&6-itt'
 
t ioarainetes; hence a nortli.ati of the Padt ri isf
o, 

"iifitib#& .the followinig bdrmaliztio is adopted tai m ­
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1.1 Ettion of Off-the-Job Consumption B anth1 

thieV and part of 

Seertes,the market data on the reladionshipdeteeh recrtii ent ontses 

abd wages reviewed earlier. Female workers viewed recruitment bonuses 

The results in ThbIeilOprovfde th the systm whic 

and wages as substitutes, A higher recritment bonus today was a subi­

-'titute for higherr wages .t.hrougiout the Vortko's period of eplO~Yenta

Usi.tig the patametes of the demand subsystem ati er f e stiai­

ties have also been calcUlated. The "expenditure" elasticities (really 

receipt elasticities) suggest that as workers receive more in wages and 

recrlitsient bonuses, the latter become reiatkvely less preferred, This 

relation between resources and
is entirely consistent with the teeted 

time preference,
 

To estimate the unknown p amneters of the branch budget share 

iqtitions and the rgrand budget share equations the iterative Zeiiner 
Aibaked procedure is used. This procedure is described in A. Zellher, 
'An Efficient Method of Estimating Seemingly Unrelated Regressions and
 
.ests for Aggregation Bias" Journal of the American Statistical Associa­
:ion LVII (June 1962) and A. Zellner, "Estimators for Seemingly Unrelated
 
egression Equations: Some Exact Finite Sample Results" Journal of the
 

ierican Statistical Association LVIII (December, 1963). The nonlinear
 
:stimation routine used in these procedures employs a combination of
 

Jauss-Newton and the method of + steepest ascent.
 



Tib1a 10 

C C 

A820 

(334G 

.5514, 

R u&.7,72 

nww 
Estimtied A11'3n ElAsEidity of Subtitai 

kbtimadted Pkidd Elastiditii 

c c 

Af 
rlif "i 



2. Estimation of the Pace of Work Branch 

The results of Table 1imake clear that the hypothesis that mid-

IbiJi.textile workers viewed rest periods during a shift and -length 

of the shift Itself as substitutes provides a plausible framework for
 

estimation. A one percent increase in the Implicit price of either a 

change in the total length of the rest period or a change in the length 

of a shift led to a better than two percent increase in implicit 

"expenditures" on the other job characteristic. Also, as a female 

worker had more resources to allocate to the Improvement of the quality 

of her job, the estimated expenditure elasticities taken from th 

fitted utility function indicate that shortening the work shift was 

given priority over increased rest periods. This accords well with 

the historical experience of other spinning companies after 1897 though , 

it would be hard to argue 'that the shortening which did occur was 

largely a result of changing market phenomena*
 

lather, the step-wide reductli.- of Shift from eleven to eight 
snd one-half hours resulted at least in large part from the persistent 
pressure of the International Labor Organization.
 



,Table f 

Parmimetel 

'la: -. 4381(05i) 

-. 562" 

.640 

lb-lb .025) 

9419 
7,16lb ;'06 

Estimated EEfindituiElasticities 

1(EWe)8
.i *i'­

*lb (EW 9) 

9stimated Allen,- l:as4city .of Substitution. 

la lb 

Estimated 'Price Elasitie&'ofDeand 

la 2 03 

'lb61b3 35 

I lb. 

l~b la 2*9 



and Quality of Off-the-Job Compound Experience
|.. Availability 

It is instructive to review the estimates for off-the-Job but within 

the mill compound attributes of jobs presented in Table 12 in 
light.of 

the earlier discussion of typical"implicit prices for these attributes. 

Despite the low.implicit price for free time outside the mill 
compound, 

the ekpenditure elasticity of demand for unchaperoned 
hours outside -the 

mill is very high. If increasing resources for improving her off-the­

job environment became available unsupervised leisure 
time outside,the 

rill was the preferred attribute. These flndings,-togdethe?. with the 

highly elasticprice inelastic demand for free .time,: suggests that a 


supply of free t;ne.from the.firm,'s.idemay be responsible: for 
ithe
 

observed low,implicit price of unsupervised time. 'Firm apparently
 

just did not care that much about security. .That unsupervisedfree
 

time and worker\education should have relatively high elasticities
 

of expenditure and\,that shelter and food should have lowielasticitie6*s"
 

of expenditure,isI.eniirely consistent with most demand 
and budget studies.
 

to 
Stereotypes of the susceptibility of young Japanese femalew"orkers 


i resuled
paternalistic blandishments,;sidetihe"same independence which 

in high runaway rates also resulted in a high.preference for free 
time 

outside the mill compound 'overiorganizedileisure time acti sg 

Provided by management. 

lOf ,course, the categories used here are rougher or at least-quite 

different from what is normally found in,demand and-budget studies., .ThE 
not the same as:expenditure elasticity of demand for food subsidies is 

This does not, however, alter the con­expenditure elasticity for food. 

elusion drawn.
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Tbe12,
 

Pataeter rEstimate 

..3.8 .,'-.3727(0159) 

S3b 

!::3d 

3a83%. 

83c 

: ::, 

-.0814 
(.0622) 

-. 4294 
(.2602), 

-. 1165(.000o) 
.8210 

(,4:35) 

.. . :.,.0 
3ab(.o6'49) 

892 ' 

3-3 
.7801, 
('3920) 

3a3d U0I, 

3b 

S .... 

(y0408) 

0734 

3b.3d :"i. ':".,.06083, 

. 
'!.3c~3 

% 3 

3b, 3d 

'(.0,6082d 

0126),, 
,,.7992 

.44 

-. 1191 

3d i3d 
-. 0546 
(.0200) 



Table 12 - continued 

Paramueter 


92
 

-' -7570-82 

.68 

1 - .90 

U 41-

Estimated Expenditure .Elasticities.of Demand; 

2 iaS.56< .'31.3:U 

313
 

)..88
313M 

11Es.timatedAllen Elasticities; of -Substitution, 

a ' 

a;3a ,3d 

3b...c 


3b 3d
 

a 93-i,X'
 

sia:
 

2 i10 

-.381
 

":;,. "d4.209.
 

:.818
 



Tiable, '1l2-iconffnuect 

Parameter QEstimate:] 

.Estimated Price Elasticities-of Dean 

ha0 ', 0717
 

71; 090240 

0768 
3ao3c ., 

AI ,5556 

3a 3d 

9I 0221
 

3b 3a 

1).9 1.253­

m 


3b 3d"
 

B, ,469.4 

3c 3c 

. .. . . .1859
 

1382
 

TA .:24064
 
3c 3d.
 

1)... :.18.4o
9 

3d 3d
 

1)9 B10'975,
3 3a 

1)9 9 245V~ 
3d 3b7
 

a. '8867
3d 3c, 
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should be com-It is also most reasonable that dormitory services 

the mill and food subsidies. A sub­
plementary with free time oiutside 

bought no dormitory services and .hence 
stantial number, of female workers 

had little desire to implicitly purchase 
unsupervised leisure time avd
 

diminished if not negligible desire to gain company subsidized 
food.
 

pct',+mlicit
,While it is difficult to rationalize market priceseci 

the absence of -.information about the character, of, suppl:
)r otherwise in 


. 

the results on worker preferences for education do remain-puzzling. +Recall 

the implicit price of other available education thin the mill was.

estmat as,'being very slarge. NOW if thequality of avalable; education 

is measurable by the teacher-puil atio' it would seem the supp y of 

and department education, woulda 16-highly
more and !be+tterquality primary 

p eltaic ".Givethat the expenditure elasticity of demand f r' 

uit and that education's own pice elasticiyofeducation is near 

highitis hard to understand why
demand is evident1 p, 

ws o ig fr: many. workers,onc o~dicti 


G. The Among Off,the-iJob .Goo ds, raceor. wor, nea~n anuu. Dorntorv,.hoice 

Life.: 
ssubsystem;s Alo sThe estimates of each -of the branbes or: demand 

for the condensing of nine attributes into four off-the-job goods, pace. 

of "work, health and dormitory 'life.' The estimation of the demand' system 

given (i 0) describing the allocation of female worker BeckerianIncomi 

on; five workers'Ltra:its is given'win
on these four , attributes, conditioned 


Table 13;
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Parametei 

a. 

o 

-. 7242,i 

(.0510) 

-.0921i, 
r.0357) 

*.0448. 

S:-,1389, 

~WR 

B k.T 

3.000) 

".90071: 

'.2879) 

a 

2w 

.0343, 
[.0209) 

.0108­
0.022) 

/ 3.2433 i(.1641) 

WT1 (.9834) 

0828 

,j 1..W4 

, :.,; ' .(."0169) 

0633(.0452) 

A0034, 

-. ,0284' 

0 
1 2 

.,0479, 
(.0683) 



Table i3- continued 

Parameter Estiimate 

(.1046) 

B + 0527 
(.0040) 

iB.ii - o 6: 
S'T .:i, /....,;..i -09(.0044) 

T .0041". 
(4'0158) 

.. 4. (.0oo59) 

ST 

15: (.0047) 

-0 0304". 

:!-: .2..,2 :..(.0127) 

2.... (60063), 

(,0150) 

T.. . 0'694:' 
'2 -(10199) 

, . -033. 
52 ;e3 , (.0146) 

:(0202)­

0',2 -T, '0081ik:(00069) 

3 3r( .0229) 

.. 
T .072, 

,(.0304) 

':: "Z T2 :: .0380,"(40Ot92) : 
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Parameter .
 

. . . .
 
3T3 


34 


R~T 

.35 


R'2lg. .W+ -. 93: 
252 

a 59 

"
 3 -. 69
 

Estiited Expanditure Elasticity of Demand
 

S.: W -.
 

TI (.+Ew,.+ .) 

2-1. - .i i 

"+ 3-' 

W i)
 

Estmza ted.Allen,Elasticities of£ Substitution
 

o 

o~is~ 

3 

Estimate'
 

- 0198 , 
(.0146)
 

.0776
 
(.0749):
 

-0093' 
(.0057)
 

..84
 

4.38
 

1.1i2
 

2w32851
 

1.919
 

.7
 



TaUble'13-.continued" 

Parameter stimate-y 

Estilated Price Elasticity-of Demand 
"WW .- 1828 

"2.3• 

(- a3.455 

.53W. 2.875 

-I .. 2523 

21, 

.2569, 
31T 

A. .156 
2, 

.. - ,:...,477 

, • • . , 

•2~ -2.*658 

AoA 

.01012 

,:.5129 
To 

S " - .4236, 

o3627 

.. 222 



The expenditure elasticities of demand calculated from the estimated 
deiand system suggest that at very low Beckerian incomo workers cared most 

'V' 

about wages;. 'Astincomes"increased higher priority was placed on reducing
 

the - ,k of mortalit and improving on-the-job conditions, and to a lessei 

extent on improving dormitory life. Evidence from this cross-section also 

does wel as An'iidicator of secular trends. Real wages have. risen ~iice 

1897 and while the prices 'paid are not known*. workers' have i lypr­

chased more*safety and:,improved on-the-J'ob: conditions. And while improve­

ment in the..quality of dormitory life did occur before World War IT "the 

great changes comparable to what'happened in safety and shifts were ony 

!to come in the late 1950s. 

Too much should• notbe made of the poor workers, strong preference',
 

The results in'TabIe l3on elasticities ofsubstitUtion
"for money wages. 


and.price elasticities of demand are suchrthat evenat a low.level of
 

nBeckerianincome
workers will be most sensitive -to new opportunitiesU,
 

inexpensively reduce the risk of mortality, slow,the pace. of ,work and.
 
., ! -., . ­

improve dormitory life. 

U.. Traits and Preferences 

In'order to understand now prexerenceuM-y,VCE7;, &WI,5 wu&& &O,w%.oi it 

d1fferhnt raits the,sign of the partial derivative -of'each of ithe elas . 

the-five worker,ticitiesapresented in Table 13 with respect toeach of 


traits are L'presented ,in,Table 14.-­



Table, 14 

4W~ + wJ .3 

q8 i (W+ 4W~i~ +~ 

3'' 

+ + 

113 

- + + 
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:;n S , o;;! 

+~22:} 
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+ 
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-
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32 
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+ + 7M, 



0.110-


The impact of traits on preferencu Is understandably most complle. 

Morkers with relatively low Beckerian income and a high propensity to 

run away exhibit a greater preference fte money wages than their more 

stable counterparts. The same result carries over to workers exhibiting 

a high rate of absenteeism. The unstable poor worker cared relatively 

little for the mill environment. By contrast, older, more experienced 

workers, even"when poor, showed relatively more interest in shortenig 

the workday and improving the dormitory environment. Interesting 

enough, this conceri with the nonwage aspects of the Job idoes not extena: 

to lowering the risk of mortality. Older more experienced workers when 

-

poor seemed less inclinedito pay for safety-than other workers, Pre* 

sumablyf the -iore, experien ced :workers, 'placed more reliance on themseii 

and less. on the mill environment in _trying, to:avoid risk,.'- Similarly, 

older workers,;:closer to retirement 'ornatural death$ might be viewed 

as having less to lose in human capital than their younger counter'parts
 

The findings on the substitution and price elasticities are
 

consistent with the above interpretation of the expenditure elasticitieb
 

Workers with high absentee rates and a high propensity to ru" away,..
 

found nonpecuniary benefits relatively poorer substitutes for wages
 

than other workers. For such workers the share'of waes in the total
 

Beckerian income will be relatively.insensitive to changes in implicit
 

prices.
 

Again, for older and more experienced and stable workers the onIosite
 

is generally true. Yor these workers most job characteristics arc
 

relatively good substitutes for each other ani exnenditure shares are
 

relatively sensitive to price changes.
 



I. The Mariket for Workers: Sumary and Conclusions 

Changes in the quality, ;orale and organization of the labor force 

In,Japan'.aearly textile lndustry: appear to. be responsible for the,bulk. 

-Of the improvementIn toa factor. productivity during this period. A 

better, educated, .more experienced labor f.orce, .,work ng shorter .hours. 

transformedan industry which could .not compete with even Indian. yarns, 

In ite home market, into the ;majtor.force' in world textile markets. Most 

.,,of these changes,in,,the.qualtt,,.. morale and organization of the labor 

force werei exosenously. detervined. .,.The incidence of exposure. to govern7­

ment-sponsored primary education 'changed rdramatically during the, 1atter 

half of .,the Meij I,period. Shifts 4er shortnedmainyn response to 

intenat~ona~l pessures, and worker, experience,.increased not because 
new recruitsoni.av.erage, stayed ' longer,; but because. the industr. matured 

and the, ,one ,orr .wo orkersifrom,each!entering cohort.who stayed pe -
ey e,. pao ps .e... 

nently became part of -the: coorps:ofsuprv.sory kwrkers. That the 

Japanese edfor.ffty years, to. ea tansient 
labor,4orce :,does not,., therefore, imply.that the Industry's elaborate 

.paternal1,t-ic ipractices .were ab. 'Inailure. all likelihood the industry 

di&attacti .the,-k~nd;of, labor force. it wanted6,. Other developing nations 
havee 4,rganized their. laborforces differently and have had. textile 

industriesun more..en,and.much more.eperienced labor,. If,this
 

is so i!#hat",s.Ithemeaningof -the Japaneieeindustry's paternalistic 

practices? :,''The answer...to.this ,questionis,really,to-fold, i.e.8 n terms 

S.axonhouse, "rodutivity Change ,nd -.Labor.Absorpti on' n'Japanee 
Cotton Spinning 1891-1935," Quarterly Journal of Economics, 'op.'cit. 

http:recruitsoni.av


of what paternalism meant to labor recruitment, an secon in 

:cho'ice of technique
"of'how'the practice df ,paternalism related ,to.thter 

by the :industry., We have begun here to address
.the first -of theseitwo,; 

The attempt is made within the broader setting of trying,tov issues. 


understand the overall structure of worker preferences 
and'job.choice.:i
 

" Japn'fs:The econometric analysis performed "finds'that:workers! in 

early" ndustrialization 'chose their jobs on the basis of both"pecuniart
 

and nonocuniity considerations. "In their transctionswith: their'­

tof payfor the6licitlyexhibited a willingies semployers,workers 

they might occupy, for1food subsidies,' for more time
dormiory space 

'within the- m.ll educational oppor­
outside the mill compound and or 

- 'orkers'also 'topay for-4 on-the-'jobeibited a-willingfiesstunities. 

i'asmo*ie sAfet, :longer. rest,.periods -and).shorter. working'
improvements su 


They were ciearly not iidi £etenWto cipound and job conditionsshifts. 

., .y n:' '..n '".-. .. ,'", ,

.,'>....~~ ~ ~ ~ ~~~-a 

a bundle ' . o characteristics weishtei 
This.does not'mean, hoever'i that 

'4,l '4 .. ­

ith nonpecuniary benefits was necssaril. :an "eficient." means of 

c6nometric,'analysis presented ,here
attractingworers;. For example,' the 

Buggeda workers woud'hi44e,considered' themselves better off.if the­

res~creds 'their employers'devoted'fdo' fdod .subsidies had,been !9ivenh:'toL; 

them directly' -",Moreover, reactfoins"'t -job and compound amenities-varitu, 

froi worker to wthkr7T1¢e' ssi t B ekerian'income the worker received,
 

e
 fer ehne for pecuniAfy bis
from the mill 'theistonger his pr


for:i-.

the 'less a worker s attachment 'to chis jo" 'the ,stronger Ai T4P0erene ' 

Such workers viewed nonpecuniary .amenity..as ,relati.velypecuniary benefits. 


poor,substitutesfor .money.-,By .contrast,,older,and,,more:,ex.erienced iworker
 



seemed: ,to plaqe' a relatively. higher*Priority on n,onecun.ry,In, its' 

'ad4kim i"' ifii' ie-prdeIieding between'pi uniiry 

anGa, nonecunarVbenefitsl.-" 

Mesoit Wb~ef rne-fiti- 'amta tv An iip n~ig 

to' the -mil--rid.4 the '-job environmenit'sugg'es'fiirther u ailin 6'theso-

variat~les m~ight bd oiid ;ay to otiiii -iD~O&gitabi ,, i 16i jj'jA 'was' 

16sen- ~uthirJapanse textiile*induisty .i this. j&ri$d GiVien 'hef 

package rofjobI chiactristibb offieed, the ir'dustry ;" cquire.d --a woric 

force' which) cared' 'p:rimar'ily for" money 'wages ihd l'ttle "Attachiient" 

to. th -Job "they woee, performiigV 'More ,signiffcant-is' the- 6 .~t'th 'thth 

recruitment of such workers was apparently in the firmsl'In'!stq~ 

i'.e:'Cons4ste-nt1- ith,pOifft; max- iza'tion aiong JiaDor intensive DroductIon
 

functionsc. 



V. t, sry and Conclusions 

This paper tackles the question of technology-choice in. the Japanese 

cotton textile industry historically from two rather 
unconventional points. 

going beyond the customary :factor
 of view. One, it is unconventional in 

in 
price distortion story in trying to'explain, the choices made. oyer time 

ton textile industy, with the help ,of.the 
the 19thcentury Japa 

ar t" .t,4s 'unconventional,,its, Indiap countecontrasting experience- of 
o. 

pursuing, the, appop2?iate goods 
sense, ie. in 

moreover, in another 
initiated by Lancaster. buty:via the.use o£ a. 

quality~variation avenue 

basically conventional, ie. profit .maximization....um ,production, function 

derived, methodology 

anid mututally :reinforcing ,q4cncusionsBoth approaches yield cumulative 

choice and technology,
helpful for our .understanding of the technology 

change process at the private entrepreneurial level, and:to the evolution 
to affect thed ocia returnsapublicof a moe appropriate policy framework 

emanating from such p.ivate choices. 

Our effort to understand the relationship among the common, source 

the individual Japanese
of spinning technology, PlattI' of' Londo'i and 


ast to his Indian counterpart, illuminated, the
 
entrepreneur, in cont 

importance of overall rules 'of the' game withinwhich 
industries are
 

operating.' The two'sequentialwaves of labor-using innovation processes
 

adopted in; Japanese Gpinning,, for.example, were not duplicated in Indi:a 

the two.
mainly because of differences' in organizational features within 

extent of overal
 
indusitries. These differencs had less to do with the 




protection and relative factor price distortion than they, did -withT,i 
4 ~ . it . ! Y2 ' 

the relative strength of domestic.animaltspirits, enhanced by a
 

cartel-like Japanese Cotton Spinners' Association structure,and
 

diminished by the Indian Nianaging Agency system.
 

Part of the; explanation of why. Japan !nhanced the. labor 

absorption capacity of a given ,technologyset, whether mules (earLzer,, 

or rings (later)i has to do, with such, relatively 'conventional'!,response 

as the resort to more double shifting andjullerh Rf the, 

capitil stock generaliy by reducing "down-time!' and .maintaining 

iichines more intensively in general., .Part..aso has to dowith the, 

less conventional notion of exploring the tride-offs among.,var .ous... atLL uU 

of the:product in terms of the response.of chages in.labor absorption, 

rates,on the primary factor input, side and of market , demand changes 

dn the output side. A second important dimensionof thelatteris' 

the additional flexibility whichmay be achieved via changes,inthe 

quality: of the intermediate input, in this. case raw,,cotton, 'irh.or, 

without associated changes in product quality., The two-,applications 

of the appropriate goods concept first explored by Lancaster and 

pushed further by Frances Stewart in the LDC context gives one-,hope, 

that~if relative commodity prices can be made to reflect more, 

accurately the attribute bundle,contained, not only can consume, 

choice decisionsbe rendered more efficient, in terms of.,theavoi'un5
 

f.irrelevant or even undesirable dimensions,.biur the,more efffiedenty use
 

of the economy'a primary factor endowment promoted. ,In short,_,we. 

found convincing evidence that the,so-called Eckaus, straitacket. 

with respectt!*to,. $n labdr surp.u 1 ch+.- factor,proportions a conte+t, 

http:response.of


years, rru U. .ctaistenceIad be'6o1iifo g 'It's cre6ibidfti recenc 

strictly 'defined given pioductpointof alternative,; technologies -for a 

of view,is further weakened"In ' at least two respects, one, in terms or 

the important rote of technologicalthe additional evidence presented on 

substitutability among production technologies in both-the Important 

cotton spinnig and weaving industries and second, in terms ol the wiLae 

rangeofaddit:inal technologicalhchoices which become relevant once 

-
the implausible veil' Ver the perfectiy standardiednte ed ite linput 

and output -quality tx is ifted 

or recnuoogy changcWith r'espect to the closely "relai ted "d:ienion 

nature of' s uch- dynaic 1no­
ur!&eslts' indicate the iOrtant lifked 

rafi ii-as o 'cto nwdeningahe judicious r-1 Wng'o i 

a e i to the use ofrththe tw trespect 

alternative average qualitiesof raw cotton to be worked up to a given
 

uality otto yarn. Sd66cidIy, .our findings r underline the Ikportance 

the major'inovaton repre­f the'introduction and apid 'diffusion 'of 

*ented.yyte. 'hift.'from mule to ring techiology and a variety of less 
cotton
dramatic but:ne-rtheless'iipOftant techno~lgical changes in 

weaving. In b'oth'4nstances the -nportance or domestic' adaptatios 

theiringsof "new importid "technology. Vaainis "e.g.' "in speeding'iup 

and using 66re female Iabor t Btten. and Jacquard-related1e i 

Improvements oftraditional hand-loom technoly, was demonstrated. 

ewFflis' ithis 'stud tries to shed some light on -- lb 

marketsby 'examining the paternalistic structure of nineteenth century 

Japanese experience from the point of view of individual worker 

as as firmcharacteristics and' preferences ell its effects on 



recritment.,tecniues -and. '"cnlg~hics'Crranl,"in ea 

Of COMnly held beliefs, te otton'eztile1abor 'forc''.was- imainly 

concerned with ;the levels of direct remuneration, and showed, little JOD 

attachment in response . to. the' paternalistic features offered by emplyers. 

'Perhaps even, more surpr/sng, this,%:high-tunover unskilled labor force ! '' 

proved highly efficient, - dsatisfactory, from the, prof i4 axi ii -.. r-.. 

specti..of.fir management., 

There. are, a cons iderable-,number .pf- policy conclusions' to be 'drawn 

rom this foray into, economic, history ,:combined',.with econometrc a1"is 

'For one,, ,the,.attention',of LDC ;policy-makerlshould :be-:turned /itncreasingl" 

to the potential,,of, ,hithertoneglected ,appropriatei,goods7-not ,.only ,!ias V4 
way of satisfying, internal. mrkets term:mdemands•mor' .fficiently-t.in 

of the. avoidance of .attribute.. overspecification but'.also .in terms of 

the iadditional mopping uptofsurpalus -labor made",possible,.-in ithis fashione 

Ni, of the challengeq lies in,.information gathering,!anldissenuUnatibn 

with •respect ,to. bothoutput: and technology, options,- even withn a given 

industry. , In Jap,an._this taskwas performed by'.theiltre associatio' 

which, combined with relativelyj non-restrictive: credit maAkts;,-nd&fr e 

entry, led to remarkable, ratesofdiffuson*.:- The.historical-,case 

of India is, of course, much closer to the contemporary LDC situations 

highly ,nperfect. credit-markets 7restricting :entryi ',,and-amanagement.;,­

"y__uner ;auti nal constAints _estricting 

neurial~incentives.,,, in.addition: to .mortant V'rif ,not ,altogethei 
novei l actions' indicatedn,.,.,irc..o...... credit 'marketr1lberalizatilo 

i.e. the demand side,,. the e.,idence, points-.to, an important drect role 

f or the public, sector .on A.he .suppLyof making ep oduc.r" 

http:points-.to
http:specti..of


aware of, existing appropriate good options. Wije
as'.veil s conasum 

in many other6 are sub-' 
some comodity attributes come fixed bundles, 

stitutable for each other; just the information on what is feasible iU 

and ,their 
te.r wof, alternative counts, weft-warP-veight ' combinations 

bL
relation to;,the warmth :or strength diniensios of 'the finil 'pr6duct": ' 

a- simple­
are not speaking,.o -. f'di6minAtiofof 

ofgreat value.,: We 

minded catalogue of all the -technological and- attribute alternaties". 

more modestly,-informationon some sort, of,! theoretical •, orld;shelf *"Much 

on' e variabi ity.-in relative p ompanying 'variabiity i-i com 

le.0 *sc.. ofn. even Jwithin different regionscharacteristhics existencenhty.0:1dy, charactistlcs in' 

odtries e, sawA Country, and certinlY-ithin therural stof: 

in the swne region ccid be ver!val~able ! ' ldeally, sueh' l*formation 

should .be,.combined 'with a flexiblie 'anduzmo;t1bile-rura' l approprLate goods 

technical ,assistance -.capacityt Wo help ensrepreneuzs break' a particular 

informational .or-.i nput bottleieck". Workshop anid 'repairshop capacities 

are required -al~ng ,.with,'the informna'tin adJustnent~and"dissiniatln 

,moreparticipator devel6p.
capacity., -- t. 

ment,-path iby fully,.deploying,.ithhuimafllresources'.: to.,satisfy basic"' 

could be sbstanti a lly enhanced by 'suc. 
consumption requirements 

actions,. 

egnifing9' a eas t.of a s cien ce'4ost.-, developing',,. countries have' 'someib 
I
nnd technology. researchdnetrork. 'As is wl nni however,most suc
 

to, interesi thdese1ves n'
institutions. 'are-generally 'only"beginning 

e pecialy­
the area of .approprianness of goods and/or' tec6hnogidoes,' 

in the trural- areas.. . Establishing ' new atonomo£us. nsttu'n here fana 

bulkl ofeaer ' 

theref oriented ,,to: thispurpose while .leawi6 4 .r'h, 



public sector:R& D funds,-'to ' .be expended on th6e 'sual array of'"big" 

sciece :and-S%, projects is not enough. A-rekthrough" technology 

decision,has to'.1be'made that the capacity to spread information and' 

assist inidentifying opportunities in this area must be just as 

decentralized,.as,',r'the6system's ,'decisions on conventional public: overhe 

to0mecanismallocation,'aid onw its illingiess to deploy the market 

ensure-dorelquitable#"ccess ,to credit-'-and 'the other criticil inputs. 

Relativegoods fepricescanvreflecttfhe exitence 'of trade-offs aon e 

competitive:atttrbut*esfacing"consumers 'only 'when "producers can 

resnond to ?the'-underlying': alternative cost'-.reducing --factor comtinionS. 

Our indings also tend to support the importance of domestic 

adaptations relative to the"technology import&. .Foreign suppliers' 

advice on major technology choices has relatively little impact; 

hai matter s more is the extent of competitiveness in the recipiente 

' Industrial -environment which affects not only their borrowing choi, 

Placing too much 
but also their adaptive technological 

capacity. 

mhasis- on 'achinery salesmen and multi-national corporatins' inappro­

priateness ..of technology 'choice is.probably a- atter of 'secondary 

importance in contrast ith creating'and maintining conditionsbof 

workable competition in the"org4nized industrial sector, 

M6reover,our work on.Japa3ese cotton textile-labor markets 

eads us- t the conclusion that turnover rates have been much' 

exaggerated as an explanation of efficiency levels' along' labor 

intenrsive production fundtions.. What is clearly more important than 

individual unskilled labor productivity is-the ability to organize, 

larize numbers of relatively unsikilledworkers alonig'production" 



;oprodutlyity.bY maintaIning 

emphasis,on sn le repettive tasks -equixing aMahaliexteri~t whch' 

fun ons which, ensu high 4 qqpi 

idae in a very short while. The ,mainten'ne 'Off lovyages oh &a . h Qt ,can be.earned r° don;,q q. 

and the rapid accrual of learning bY doing.clearly more'thanoutweighed 

thepossible advantages of.formal within-planeducatiol4n',and lower.turn. 

over Fates. Moreover, te-evidence indicates.-.that especiallye 

younger workers, respond bet~ter to pecuniary. rather thanijthe equivalent 

n pe paternistic benefits ,As long ,.as -labor. surlUS. 

persiss :if1 lr l 
markets[e are ubject a less interference, rmsi w I3.rnc, 

p.mr 


:be in abetteer position ':to,'select ,the precisequantity and quality:of. 

labor idesitrede* 
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