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m  This mﬁi‘-’* ’u‘m'm- the historical performmca of the Japanese'

: eot:on udu:ry vtth m major nbjncuvn in mind: {n the first instance
ve try: to dnnntn- :hu impact ot ‘changes 1a the quality dimension on
the: :J_.q\ib!‘.nty'y::h vhich capital and lsbor: can be .ruunuy; codtmd.

-as wall as to cultno the procass of technology. tnporcécj.m_:. ldlvuti_on
and diffusion in a particular successful historical case, We fiad that
both the adaption of multiple shifting associatsd with & decliae in the
yarn count and-the svitch from s predominantly mile to a predominantly
m; technology represent importsat nxnpl.;n of indigenous innovation

and ‘adaptation which can mske s large diffarence in solving & -developing
.aconomy'a :lylubovr gpuq;-p:iop probles. Secondly, we try to rveach an
uﬂdnntmdtuo!vhu the environmental 'qwdtuoéq ars, in’both the
"p‘nggqyiyfpgqng;c ud‘thqﬁtb'rpqdlyy caqc@ynd-ipéti;ntiqﬁd sense, vhich
»yﬁld'bu:ir.*t.n.' ion' chddﬁin:-cﬁﬂttw. 'ducuiou oﬁ"tichnolou
chotu nnd nehnolm c!unn at tlu Mv!.duu ntnpuuuxnl hvnl.
M oa-i.uuou ot :u cont:utvt:h pcr!omncu ud cond!.uono ia.the

Ind!.nuuun @qu‘tgy pqt!x::qq v,;ua go _!qcul on thc_ hpouncc,pt
imperfections fn the 'c‘;'cni,‘i'é:l‘qgk‘qu. restriceing encry and managerial
incantive systems restricting qﬁitrﬁprcpdtill éocgvg;tm a» critic_@l to
the rates of tcchdolégy adoption, adaptation and dt!tiu;ou.
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TechnologyNChoiceg Adaptation'andﬁthe Quality Dimensionw

In‘therJapanesewCottonaTextileWIndustry

‘ustav Ranis. Yale University * - RSP
3ary Saxonhouse; :University of- Michigan*

I Introduction BN

Huchiof thezdiscussion in academic as: well as: policy-making circles
over thenpast decade or so on.the subject=o£ LDC technology choice»andna
technology ﬂnange haS<focussedxon two,questions. First, there has:beeni

a prolonged debate on: thetexistenceuor non-existence(of viableaalternatives

2

in producing a’ given commodity land. second, assuming some alternative
‘ l

do existn much attention ‘has" been paid tovthe»social costsfoﬁ departuresv

I ’ N "

from the use of technologies most;appropriate ito: & country;s resourcem

'S

endowment, a8 a)consequence<of\the distortion of relativenfactorgprices.
yﬁ&ﬁ %We now: seem:to havewreached ar general consensus%xvith respect toﬁ

%thevfirstfquestion?qthatﬂindeed‘anwidenrange of technical alternatives~

Ly
X

L cmakaide pinie wetpauTe s st e 2t B 3 s o Josairgaiocn
doés e&ist in’nature”éertainly in'the discrete’proéess indﬁétries:k
activities often exists even in continuous process industries. With
respect“toﬁthe SecOnd-question;-there*is‘still'less‘of‘a'consensus*‘I:

regarding the relative importance of factor and product price distortil

|$"-/' 2

as opposed o' other” less conventional forces at work which imping '
the technological choices actually'renderedJat the individual entrepreneurﬁ

W e
N

lal 1AQE1'

1See for example, D. Morawetz, "Employment Implications of : Industrial

ization in Developing Countries", Economic Journal,’ ‘September, - 1974 :and -
G. Ranis, "Industrial Technology Choice and Employment. A Review: 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 III and v,
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Huch of the'paet'research ‘effort: in‘eitherrof‘theee dimeneionen
has been focuesed on recent LBC’ experience«moetlyuof thelindustrj

croee-eection or the caee atudy variety. Thie paper endeavora t¢

gﬁhke a contribu on ,° our underatanding in these areae via examination‘

:teenth century‘in an effort to evaluate the relativehimportance .of ; conventiona]

7andﬂion onventional elements of, the environnent governing such choice

4.»;

QTwo majo. technological changes in the spinning industryrand their

frapid d;“Lusion will be. examined in, this context, the, adoption of multi-
:ple shifting in 1882-1884 associated with a decline inethe average yarn

}count,?and the switch from mule to ring technology a few years 1ater

}we:examine 1: in the context of linked innovations in cotton mixing,

.1 on }direction of the production chain,and in weaving--as induced

iby changee in demand conditions--in the other direction.
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The resulting changes in domestic and international?competitiveaess

gncbevnl GYTE akdibats NG Jin ,/.m ST R TED s ey
,of the_Japanese textile industry can be’ demonstrated by the overall
Cdaan ERTERa S R o I (AT g M-l lw* g sagnl waoxf;x.-. ,'-..;:;a

performance of yarn and cloth production and exports over time In

RETN WY SIS VORI A ';‘,;1: ey, steonresdr. el e si" &

exploring the importance of non-traditional as well as traditional factors

b Teu el de b ahesn it n/»mws“ SRR SN SRR RLTE R WIS TR S FEPLITA IR R OF S gt »-Ui’»
.in the context of Jaoanese technologv chanca and diffuaian. tha santrace

with the Indian textile industry of the same period will be found to be
u.t " -gLn”SJ -
instructive.

B rﬁé second topic to be dealt.. with (Section III) focusses on the

B ES O

r,&l

‘,,‘5. a ‘e |ls“..) /5

5 oy ilain
issuedof the additional range of - technology choice opened up in

y . L RS
Yosd '\i‘ l’r,, ': Yxt‘,"s." ,,,"!‘ ",4‘ A P

permit quality vsriation to take place'in at least two

;

nature whenvve

aher 3o oo

oF rn*r.fui';i-m gyt P A el

dimensions, 1Lél the quality of the raw material input--in this case

[

vy TN

%

51
raw cotto

YI‘ ba( 4 ,‘ ;C_;

RS A

Aﬂnd the quality of the intermediate output—-in this case

LAY TN AT et B i §13

yarn'%aﬂﬂfg The'proposition being tibred here 15 that, regardless of °
S ;H:ri

how firm i’ belief in’fixEd‘proportion technologies sEi11" is in certain
e Ppani e st ”( i ) :c‘ﬁ' fer s 'I.") N “"""lﬁfi‘;
quarters, once we admit of substitu ability among some attributes of a

UL RN ai s sabrined sanassst add o bl

commodity defih'd as‘a homogeneous good at a ertain standard level of
Vi b ST, "Ii s
industrial classification the substantial variability of the demanc
oty o Pty TR Sevhoadn o R St
for unskilled 1abor per unit of capital, for example, can be demonstratcd.

-
1

YR

Vi e AT

a;f!r-wal it A Lt

Put moreapositively, we hope to be able to demonstrate here the addi-‘r

Pihdlanon ol SRR A .L«ux("»

tional flexibility gained in terms of the use’of surplus unskilled labor,

: rlnnct snenl Zsu W

ar el ',,4

‘r. o aya W : - r
:‘;,‘m {),, dabe el vk, oo i anoand EC P TR

of the_raﬁ cotton input or in the quality of the yarn nount. produced. ‘hhile
oty L han Gy o et e
economis have fohnd it analytically convenient to, at least implicitly.
wit oy g

deal with intermediate inputs and outputs oféa specified quality,_we

e

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


http:that,.in

by

lifact, some specification changes occur ‘at any credible SITC level as we:
: [ R R T L h 1o \\v‘ Fe 8" 'J’r:rurbn‘ PR siemanghi s 17
ffmove. say. across lsrge and small-scale firms,or over time. Treatment
Gy b ol mi R L e b s wily oy i
of this phenomenon is, moreover, essential 1f we are to get a better

l L.J.C'}'h’l M R PR CE TR FLRS X )\\‘ T Iy VI Yoo mounlunam .,»r.',:. &
_ quantitative handle on the notion of "appropriate goods" which is but an
U Femeraees odd L relal i B mmardy Wgedomdu Geonnanl bn yeesaoe adioal
“»extension of the concept of "appropriate technologies in a given context.
’ Cad ol B 31¢] PRV PURY A1 Je U S s ui 2} i LAY auarbad sl gl gabepd sy o Al

fﬁohce variability in the specification along some dimension of quality is

L yareeh

e
L H'.

f]permitted, at appropriately varying relative prices, the aFray of choice

»‘ “!{"? “(\ n.'"; witiy iy ‘.;1% Ly

§availab1e ‘to consumers. especially in the'domestic market,ﬂcan become a

o el 'lg \‘0";“) wnEactn vl T IS e W I A 'l"-*-lpv“., (SRR RS 1}

f;conscious decision var able either from the social point of view, tc

CCAE anpal 5T Yoaan R N [ AL R R S TR ,‘f M fl' Lagn 18 Gl iy
?avoid ‘the overspecification of goods while!moving towards fu]ler employment
e 1,.;,1‘:;‘;‘1 'iu" i EELH R L ATTE WYY e { HENARTS S I EITRIAEA
rof labor or,at the individual consumer 1evel, to clarify the tradeﬂoffs
B N 1L ; i n:j.‘.. {tvr Ay, o dn i ST RS N »_»A B ‘< N Tt e K 3

'.4‘} TR

3among attributes within a particular relative quality and price vector.

31§}n311y (Section IV), this paper addresses a, closely related issue'
namely an analysis of the quality dimensi ns underlying the labor market in

SR .l‘.) ;:33- i la:‘-: ,‘n:.r !

which the Japanese textile mills were ope#ating.ﬂ Gerschenkron1 and

’l» i) ,w ta AR

it
33 .
'H s, |8 SRR ISP BT & B NS B

others have long argued that labor‘surplus contemporary DC! Hi
N T R dotyer Doniiw Cognd L R R
not necessarily have abundant supplies o% reliable and disciplined

ef“i‘ R Apgadnal o0 Gu ke PR B AR NUEON T {ai

I
workers. Conventional two. factor production function analyses usually

oy ) , - i e b : e
“‘ly FaEety B N E 0 O BER T ST COR MRS D PRI A 6 F SRR rl' "’“'la o IRV ‘,'1»

exhibit limited substitution possibilities between capital and 1abor

prodnl i af Liden SRR i e ey ot \.a/n caviad ol greerln

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

Alapr my whdn S

- oy b ‘e (R
\{"1«.:2"‘ ok oerb oaadiake nargnnay CLSOR SISl A

job characteristics as length of shift ’ injury incidence and non-wage

!I}l\‘w : l‘ “"‘:’{s srres mnt sy oo widafral anil b hy hngEnd gt anD

benefifs are held constant. n\the absence of a general equilibriun
BEG J Seh g KT EE R RS HILSVYE ‘, ~

production function in’ which all demand and supply variables. are

o Alexander Gerschenkron, Economic Backwardness in Historical- Perspective ,
Cambridge, Mass.. 1962.
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.permitted to be aimultaneously adjustable, we have, in this section,

A

heldgnon-laborvinputsconstantamd explored the conditions for equilibrium

{l"

tec no,ogy employed in Eﬁ;
"5 3 SosEire : {}: : .y
recruitment of an effective disciplined as well as qualitatively differ-'

v!‘.“'

entiated‘work force.

Textile industries at comparable stages of development across
oy Gy SRTTRN :,_, \{ e ~!, - ;1: “> \
countries diffcr markedly in their rates of turnover, absenteeisu

SE R i

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

intersection of firm demand and labor supply patterns as linked to the dan

P T T Ol i .‘ 1 ,

alternatives available in terms of alternative factor proportions, on the

RN g oo ld s A

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

1yt
15Ty

other. What is especially interesting in the Japanese ‘case is the unusually

,,.L‘.v . (R _‘r,‘

RIS R i e AR SR D T FE Vhes A 4
low overall ' "quality" of the labor force as conventionally measured ‘fn

RTE DRV 5 TR e

| terms of the attributes mentioned, side by sidevwith the undoubted com—yﬂx

R RS B B T

petitive success--at home as well as abroad--of this very labor intnnsivéh
industry. Our investigation here will hopefully shed light on’ ‘some

-of the important. non—conventional dimensions of labor quality.



~Choice of’ ";;”?lsl”w‘ie'and the. Technologz iffusion Process B

Ehe problem we have set for ourselves in this section 1S To attempc

. o T ‘t:': Ly, V.. R gt S
ko gode g Lol ot f.n volgd il ol

ﬁan examination of the technology‘choices made’in'the;19th century Japanese

: S b 1,”{1 y \'(s"» S ” Y 'f A X Cedrne §“};

icotton spinning industry at the individual firm level and of the'associar

o .-\N, € P - 8

'ted machinery import and internal adaptation and diffusion processes.

AR

<v‘

This effort inexorably leads ns not only to examine the technological

AR FCE e (s ‘é»a ]: ’,:‘f,:, ! :’i':‘:}

choices made within the Japanese spinning industry over time but to extend

] Taada gt SR S S B I 1o

iy
our scope, on the one hand, to contrasting the behavior of Japanese cotton“

»“'ﬁ . \ . » .y
PUREA . : R
qu A L0y e AR

3 7 ey A

spinning mills with those in India and, on the other, to examining e

'f
b v’ ‘\“‘

_,:: ,‘x!_'_ l}h HAEy

SRR AL i \'.w!‘

T-c-a
chgnges in cotton;weavingﬁtechnologyjand the demand forwmore.or;lessx
i"appropriately" specified final goods. The why of this behavior patte

.in terms of different economic‘andﬂnonjeconomic conditions in the two
countries over time is, of course, of the essence in terms of the broadc-:

. ‘i( La L “ x‘\ I g ‘ BT Cry ey

levance and meaningfulness of the particular experience under examination.

«' . 4' Wy e
HEEP IATPRE S BRI B ERS LA 3t Porornend

While this research is essentiaély in the qualitative/historical mold its

4.3'7.16 ER S F ] ved gt

purpose is to shed important a

ditional light on contemporary LDC problems

iof technology choice at tﬁe mi#roilevel.
; =, In Section A we briefly d?scribe the "initial" (circa 1880) technological

state of the arts in cotton spinning and weaving in both Japan and India.v

ortant technology changes and adaptations

iSection B we analyze the

' during the‘ 880's.but were substantially

,ccurred,rapidly in Jap:
R ‘ff!'

rdelayed‘in India., In SectionJC we. attemptt:o'movejtowards an explanation

{ithd divergent behavior in,terms of the differential environment facing

lq!ent.repreneurs in the twoﬁcountries._,



:‘A InitiaIIState of the Arts

P ; .,,.M. Ll‘«"‘ gy

ri}!hen referring to the "state of the, arts" ve sha11 have innmind a

broad definition in keeping with the basic hypothesis of this total

i

' research effort, }.e. that changes in the qu*lity dimensions of inter-

§0

mediate inputs and of outputs may be crucial to the widening,pf the

SRSV ,,i R ‘2, ey

P°88%'.>.1°- chotces between the use of labor and capital. Accordingly,

ve qote that prior to, 1882

:»-

8) Mule spindles were in use almost exclusively in Indian

....

‘(Indian) cotton to produce 16-20 count yarn; the Japanese .
:still produced part of their needs (60%) by traditional |
_garabo or domestic hand—spun methods and imported theirestq
mainly in the form -of 20 count yarn, from India. ?P»Fh?»:

kL Wi S ,;

extent there was machine spun production this early the

PO oG NHRE

Japanese used mules-almost exclusively.

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

5, “x" R Y PN ‘u i - &L ‘i

shift (11 hours) and mostly male workers. Japanese' y

BRI

machine spinning at that time was similarly characterized

v
i ‘ A R "(

‘
* A
.. . B

by the single shift and the predominance of male workers

‘i S ST S T = ey lA .,u i

c) With respect to the specification of the desired final _

v

fpithe i "

(cloth) goods the Indian home market was interested in

Hestern-atyle wide cloth.
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'Major changes in the cotton spinning technology in use~in Japan

"r p ] 3(“;‘7

ioccurred during the 1880's.y Un ortunately, the data available give us

La picture only for the latter half of that:decade capturing the impact ofl

..',,, P

7only th_;aecond of two major‘technological)shifts, ‘a8 Will be indicated,wvﬁ

;below. As Table l demonstrates.the changes which were initiated after

'1885>may be characterized a8 efficiently labor-using in character. we

have here a substantial decline in the capital-labor ratio, i, e. rather
tdramatic capital shallowing between 1886-1890 and 1891-95, combined with
’an equally marked decline in the capital-output ratio. Innovational

'intensity was clearly sufficient to provide an’ increase In labor pro-

‘ductivity in spite of strongly labor—using bias of the" technology changes

‘adopted.l All of this?adds up to ‘a highly favorable outcome with ‘respect
}to both output and em&loyment objectives in ‘a labor surplus economy :

:context. It is,moreover, quite rare 4n ‘the’ annals ‘oF LDC industrialization

- - PO T B L T
b i (R SRS S P AP TR S A Y

;efforts and thus warrants out" full attention. L

PR ) . N Cos
G A z PSTATE E "?’ Dsminadna end : ThORE 254 v

The overall changes in technology in Japanese cotton spinning which

;i

i oL E S

koccurred during the 1880's, partly as the result of major innovations,

o
D Wt g o s bl K [
o s i‘ ‘,..”.,; 3 « J 7) cane

ﬁp _tly resulting from less spectacular adaptations, can be conveniently

o A o Jr e

5d1V1d9d intto tWO distinct sub-phases, e, changes associated ‘with the then

astill predominant use’ of the mule (1882-1884), and changes associated

SETTHEN

Y .f}For ‘an effort to decompose the contribution OI 1nNNQEVarional IATEUsity:
and'bias;in ‘the “context offIapanese industrialization ‘overall‘see”J.C.H. Fei
and G, Ranis, “Innovation Intensity and Factor Bias in the Theory of Growth,"
‘International® ‘Ecénomic’ Revicw, May.*1965. o
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Table 1

' The Japanese Spinning Industry: An Aggregative View

‘ACapital- = ’Labor

Labor ' - “Qutput o
Output Ratio-, Productivity

(Operattves, (yarn in kan
male*& female) “per day)

Year Capital Co
(average (Average working
annual)- spindles per day)

Capital-
»Pabor Ratio

: X
-t -

. : v o <

— - - - e = - - - -~ s
A Coa bl h :

f1886-90“

v1891-95f«

.1896-1900
f1901-05
31906-10“
'1911-15j

'1916-19-

: 148,516
% 406,419
1,013,987

1 296, 471

1 614 58L

’2 331 236

139354’922

5,992
29,178
57,857

67,840

80, 852

147,251

7,887

105,176

120,256
149,419

242,847

303,409

24,8
13.9
17.5 .

19.1

20.0

- 21.3 .

22.8

18.8

9:5
9.6
10.8

10.8

N

r"v

' .Source. Nippon Teikoku Tokei Nenkan (The Japan Annual Statistical Report) No..10-40, Japan Cabinet Stat. 'vBur., f

" Tokyo o

CAT

634
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vith the shift from mule to ring (1887-1889).

Turning to the ﬁirstgaub-period of this overall phasedetechnological

EnF"{

adjustment i e. 1882;1884. we find: the following changea taking place.

a)

b)

ﬂone such shift, implying an“almost halving of the cgpital-

7
Adoption of two shifts of 11" hours each in replacement of

. f
.\ ..‘4,

Ko

X 2 E

?labor ratio in*the core. spinning process. The simultaneous

-~ l

ﬁshift from water to the use . of the: steam engine as the

)

;main motive power provided greater reliability, together

vith the’ high level of electrification already achieved ‘
'x ‘\ - i
and the availability of sufficient supervisory personnel,

,“

it made thia dramatic intensification of capital use

'l

possible. The labor force continued to be predominantly

male at this point.
5 . e ! . e . B
Shifts from a mostly 20 to a"lower 12-16 count yarn production.

Pl T

Such lower machine;produced counts gradually replaced higher g

K

counts imported from India as well as produced at home and

(

- were better auited to the’ more "appropriate" ‘(for. Japan 8.
‘ cooler climate) narrow cloth requirments. The continued use

Ayarn and of high count Indian yarn imports, an improvement

of improved domestic hand-looms in the production of wide
l,“ .

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

Given the relative decline in both garabo hand-spun domestic

x.’ g'v

u l ]
; a . ” ’_‘ ‘L‘

“in the traditional weaving technology, through the adoption

‘i i B W
-~ 3 x's {

“of Batten and Jacquard—derived improvements on the traditional

5(.-‘

fhand-loom.v These improvements were characterized by the

x.‘ \‘».i

ﬂaddition of a roller so that the difficult task of pushing



the shuttle back and forth by hand as the weft is ‘carried

¥
m
through the warp was considerably eased and made more éhcessible

t
to lower quality fséale labor. A second,even more impoftant,

improvement, pertaining to the Japanese version of thelBatten,
was the aubstitution of wood for the metal used»injfran§e.
This cut capital costs by 50% and accommodated a lowerlcount
yarn, but, due to the resulting increased vibrations, a: §
lower quality of cloth in the strength dimension but s?itabie

for the greater warmth dimension associated with the;narrow
cloth, resﬁlted. '
In India meanwhile, although much of the international equipment
was the same, such domestic, technological adjustments were either
totally absent or much slower in diffusing throughout the industry. AWith

per capita income levels lower than Japan's and a labor»surplué~morew

+

extensive than Japan 8 we may note (ser table 2) that we encounter here

B
H i-‘v

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

over the same period 1 It is true that Indian mills did not hnc ome f

=

} i

more capital-intensive over time as is customary in contemporaﬂy development
. ,‘ : . r
contexts. What we have instead is capital widening associated with a virtual

V- ! i »»-4

constancy in 1abor5productivity, i.e. a standing pat, technologically

speaking.

1Note that since the units and definitions differ..the abgolute values
of Table 1 and 2 are not comparable. We are referring only to: the trend
differences within-each.v



Table 2

‘n’t

“The Indian. Sp:lnning Industty.‘

ArAggregative View

Years . .Capital ‘”’ fabo - . . Outpub - <  capital . Capleal " Labor
- #epindles # workers v (yarn 7dn mill:lons Labor Rat:io Output Retio_ Productivity
o P _of pounds) L O
1895-1899 4,406,692 150,210 .45755 29.3 95630 3.05
1899-1904 5,038,144 176 256 518.9 28.6 6;79§? 2096

1904-1909
1909-1914
©1914-1919

5,661,082
6,553,248

6,778,774

213,562
244,394
278,396

641.8
'646 g
666.2

26 5
26 8
26.3

‘3:01.
. 2:65
2.39

A11 figures are. average annual

" Sources

Renort' ofx the: Indian Tariff Board: (Cotton:Textile Industry Enquiry) 1927 Vol.:I p:94 & p.:2335%



Chart 1
Origin of Raw Cotton Imported into Japan
2
100
75
50
25 -

1892 1397

, "cendai-N1hon Sangyo Haitatsu Shi' PeB
022 T. Sanpei "Nihon Mengyo- Hattatsu Shi" p 310



Japan (1887-1889) the Japan/India contrasts grew even more pronounced.,

7R

the following rather dramatic changes occurred in the Japanes:

Specifically;

cotton textile industry.,A‘

a) An almost total switch from mules to rings coupled with the '
. . o by
maintenance of the 12-16 count yarn emphasis[and of double~
shifting.

’ub) Aisubstantial increase in the amount of unakilled workers per

machine as well as a decisive shift from. male to female labor.
c) Associated with the mule-to-ring switch, the adOption of cotton
mixing techniques which permitted a shorter;(on the average)
\ staple than it had been thought possible to. be used on the

”‘ ring machinery. with more lébor to. repair the- additional

bro”?n ends.

rhe ring machinery clearlx had the advantage of accommodating

‘efficient.: ‘Thus the pattern:of high turnover/low*wage:(little seniority)


http:iechfiiques:which.pr
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.femalealabor could‘be increasingly adhered to (see Section:IV)b lﬂpﬁéovéﬁii

'l,r‘;{ 4%,

;the shift to cotton mixing, itself a labor intensive operation,;mggii;l

,‘4 T}xn' N ’J»r RN

“ puts.y While c

length accompanying the switch from mule to ring as a consequence of

.their ovnvmixingvtechnique%innoyations3p

_ ThE:Lngllsn,?Ior exaupic, nug, escaniisneu~minimum’average cotton
staﬁb lengths inverselykrelated to, the yarn count ; and somewhat hishe' for
rings (both warpgand weft) than for mules. we can show. for any given

count, . that the Japanese used average staple lengths considerably

dower than what the English considered to be the absolute minimum. ~rne_

gt
J‘ [ERVEX

overall pattern and volume of mdxing carried on in Japanese mills over :

st

the years is demonstrated inchart i in terms of the composition of rav.

cotton imp\rts.l.;
The overall decline in the capital/labor ratio noted during this

o
' \, ¢ G o
R ES 23 36 ,1,‘1,(,* ' e TE i ‘s;

‘second period of technology change is thus mainly due to three factors
the Basic shift from mule to ring technology, the increased sophistica

:’(v; vy \g~,g:.,,:__\"".‘ r\,

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

e

two-shift machinery use.

A;, vy

0TI

technology diffusion process whichﬂtook place.; Until 1887 mules'

held.almost total sway in the production of the machine-made (non—garabo)

,.A e T {ads

'Hq{‘(l Ty e

; dditional muley_excep Afor

'nu

the small fine count ‘yarn market-ceased completely.‘ Withithe help of

“Given the competitive nature of the, Japanese industry, the role. v..
Boren, and the extremely’ rapid diffusion of ‘changes. in- the state of“artsL
it is fair to assume that import ratios correspond reasonably well to
average mill mixing practices.
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jomé Yeonvenient" fires which ‘destroyed’ a’ substantial portion of ‘the -
xiating ‘mule population a’ virtually in&tantaneous’switch' to rings.

an Bé récorded.”

l‘ly v

In contrast;in the Indian cotton spinning industrv ‘tha'new ring

o Eialys e

echnology“was;adopted and‘diffuse “much more slowly.
Tablé”ﬂ

~Indian- Spindle'age'f__' (millions)

05 g4 L914 1923° 1929 1939

X3 16 1 Tole os

o T " I X T

00T 6i8r 7l B8 1040

:*Including throstles, thus an upper bound figure.-

As Table 3 indicatea,the number of rings did increase steadily and

U CE N SRS S YOO 11 ,": Hapad :u‘ :,;x.._-,:.= i

:theirtadoption was viewed as the most significant technical development of th

R 'u» "J.,,,.a»,,f:.,:.‘;,.s,i . ,f E) if?,IT' SRR L i

bash tf.‘.‘f}

1significant?_or our purposes is the substantial divergence in ractice

.,,__>:‘| Ay ‘rc «;;:r;"}v b \ 3 g SN

ffirms switching to ringa, while less well connected Bombay and.Bengal

1For more details, see G..Saxonhouse "A Tale of. Japanese Technological
Uixfusion “in’ the Meiji Period""Journal of Economic History. March 1974,

2

Seei 5. n‘." Mehta, The 'Cotton‘Mills of India,-.:1854-1954. |




mills lagged behind. Fo Qlatth records indicate that,between ;1883 and'\

ﬂ

1900 2 million new mules were exporteduto«India-a figure7which e. re

unfortunately not, able .to..check: againstwlndian data.*‘This period isl

also characterized by the, entry. of. substantial numbe:s of new and inex-\

Zperienced entrepreneurs tending to, construct mills rather slavishly,

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

ISR

mixing‘while obviously practiced2 waa viewed rather traditionally.»i.e.

in association with the avoidance of a higher average staple as. the(;
witch from mules to rings occurs. In the absence of the same technology

N ; [ x"':’ SRR

bundle,which consisted of judicious cotton mixing cum additional labor

3 1w Ty ; Logdd
ZIPA0 T Y

cumlshift to females it was apparently believed that the predominance of

G e goor BoLuosw

the short staple Indlan cotton required substantial retention of the mule.

With respect to weaving, the Japanese industry continued to

. t'. ..,s
¢ l

concentrate on the 1ower counts/narrow cloth portion of the spectrum,
- with improvements patterned onfthe Batten and dacquard permitting
the hand loom technologv to survive; “ln‘reference to the initially
small market for Western style w;dehcloth; moreover;;imports~were

s

_ gradually being replaced by domestic power loom production.“ This is

Woew Lt s
'y, foooo Ser B E
ST SO . :

where import substitution was most clearly in evidence. ‘Here™ again;“

I3

[y
if Ovetgq;soqewhgthlbngerquriodgqf;tjmn-.1mnnrtnnt;]nhnr-usihq#iﬂﬁb-*

vations vere in evidence. The combination of:thétadoptioniof:a lower: 3i’

Even much of the Tata- replacement was ‘of 0ld throstles rather -
than modern mules. See a Tata letter of August 31, 1888 ‘to the Bombay
.Millowners Association, "the [ring frames] are now steadily .replacing
the. old: throstles 4in many mills, and even the mules in ‘certain cotton _
factories.... D. E. ‘Wachaj The _Life and Life Work of J.N.. Tata, Madras,l915.
pl 93-

2The Viétorian Jubilee Technical Institute ,established’in 1882,_1_
?provided formal technical education, including on cotton. mixing. Mehti
“(op. cit ) has an illustration of ‘a. lecture on mixing given in 1896.
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[

1warp/weft?r ﬁiohwith‘a lower weft/yarn?“”unt ratio--forfessentially

ted inpsuccessful,

u»

Athe”same definitiondof final product-r _

o4

:cost effective‘~import substitution‘plus“the beginnings of export

}substitutionﬁinto Chineae Indianand U.S."markets.1 Unfortunately,-

‘we were unable'to obtain‘Separate data for spinning and weaving operations

?in Indian mills, in particular with respect to labor.ff
we intend to examine below the approximate causes of this

differential behavior with respect to technology choice and change.

.,v ,_':_,’.\_1 st oh : ,,,‘;‘.“ . iy ,A,,;.,,i., Wl

‘Longer term trends in the pattern of development of the cotton textile

, o e ,- . AL ‘\. ..J,cz'u R EE

:these longer)term'changes may be summariaed as follows.

1) Given that the "warmth" characteristic of cloth is an iInferior

ot et T W A e e LA

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

‘.—V : 1

n!

‘ ik :[;1" j e‘."‘J R S T “” LR
count/narrow cloth attributes ehould be expected. While
1 mir%«u',.l<w/ e o ‘

export markets in the developing countries of the region

continue to be characterized ‘by lower counts and lower

PR

,w\,u s »A_?.?,~:~-

Therexwere additioua.:.:luwex. uensiry/increasea: S1Z1Ng: Types O
technology change, unique to Japan, which kept’ the weight the same
but reduced: costs:by: saving:raw cotton.z R L KA R



quality cloth. this becomes less and "less’ true over ‘time

i.‘,?:‘r) % )5 ‘*s’.«-

"of the Japanese domestic and otherﬁforeignzmarkets

w y . L -
" Y SN *) i te R RS

b) In cotton mixing we may note a tendency towards a gradually
el s et o i£ ;
higher average staple quality. but at a much slower rate

O IR R UVLICHS I

‘than would have taken place in the absence 'of ‘the adontion
v),,,. ,,,,,,,,,,
of the initial bundle of technology change

Tc)~Near-constancy in the low male/female labor ratio ‘but with"

a gradual increase in the skilled and supervisory to unakilL

“labor ratio followed.

d) The increased use of power LOOMS TO SELVE UULIL LUG UVNGDLLu
y \q"l Z“"

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

L Yo

observed. These are phenomena to be anticipated as‘Engel'
Law combined with the Linder thesis of representative demand

makes itself felt.

C. An Attempt at Explanation

e PR RN ]II‘} o
In the previous section we have described the interestingly

divergent behavior pattern of the Indian and Japanese cotton textile‘

:
Toga s

industries. With Platt 's of London pruviding much of the technical

" L sl vie A rw,x/ S

information and advice, and virtually all the machinery in the case |

of Japan, how can we explain the observed behavior. Indiaonly

\I;f P A ST 0 ST L BN o B S S ST el (6 SN S e G AN S CRIP L

gr,dually abandoning her mule/skilled-male-1abor/one shift technology, and

\/
Py P4 el [
xi f; R } v»»,,;\v s

Japan moving hr ugh two distinct phases of marked technological change

'A number of hypotheses present themselves in culling the general'”Ls
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literature on the subject.;'ﬂhile?it isinecessarily‘difficult;ﬁifﬂ
’ ‘ ; B
no% impossible, to come u

with an single fully satisfactory causal

;6\ R SR Tl ;, i 113

o

SO [

explanation of this interesting set of historical phenomena,‘our

SHEE M) 5 Ry £LT »f, AR

-{-,.c\ti '(k 000 BN T ,-"\11 Rz 2 f'?’,;. \“ gil P H

%bjective here must be to arrive at the best possible approximation.

.? Scbiy .,.‘,',.,'.\' Aoy ».';'!"‘ ﬁ.».,,i. I P p

of”cultural differences between the two settings.1 Emphasis is placed,

rerr ey :.‘» Tena ot

for example, on poor Indian work habits, 1ong,irregu1ar tea breaks etc.--

h/y ier .J' RS RN v, b L PERL T v“,?

as opposed}»o’the more highly disciplined, harder working Japanese. '

VisitingJapanese missions also made much of the ennervating influence

S

of Indian weather conditions, whileflndian writers stress the low

l, i R
3T .

. ,’.'«‘

level_g 'Iabor productivity associated with 1ow levels of nutrition

S E e R pe s Todnt iy et by e
R ¥ i TR -hu'

and health.‘ The much lower proportion of female labor in the case
of India is. moreover, related to the much‘greater reluctance of

hoth Muslim and Hindu women to enter the 1abor force. And finally,
the unwillingness to go to doub]e shifting is blamed in large part on

the unreliability and individualism of the Indian worker when contrasLed

.L,;., . ;o l‘u«'v

Jith his_ more disciplined and cooperative or community-oriented

u!'L J\"ﬂ“l THEIT] e s l\ t

Japanese counterpart.: Such differences in the inherent quality of

;;v;.‘ ;."'-:,‘ at

unskilled 1abor would be enough to constitute a relative bias in

S SR r f -e

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

inythe;case of India.

f-' 1}. :

J3,“‘Economists have a natural tendency,to discount this type of explana;

*.

tign.} Undoubtedly, their disregard of sociaL cu1tura1 and geographic

“See for exapple, Yukihiko Kiyokawa "Technology and ‘Formation of ’
Harkets in the ‘Indian Cotton Textile Industry", for some of the leading:
references..
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’factors goes too far--especially since the dangexr of keeping institutionai

%

A g - ey . - TR TP "
,3,.: R ey e .“»u. LRIV (SR IS VAN At l w“'« S b ’u whe

ceteris paribus conditions in check are larger in the developing economy

. }5« 3" - i’\x B afioks ‘1 ';"4,.“ i
context. Nevertheless, to the extent that differential technology choice

Wy o Bl L .. .. g -
3z ", A d A A S v ! ';:_."u KetRssinat]

and innovative behavior can be explained by differences in the economic

1,zﬂ

‘n’» q . . B . .- 1,5 3
s o -‘I e IRCLETR A S el x) vf\

environment facing the individual entrepreneur, the effort should be made

J. ! \$ ‘1;1(

to do so--even if some of the dimensions of that environment considered
are'nonéconventional in character.

Even though such comparisons are always risky, India 8 per capit
S g Ty i (I T N 5 3

income in 1880 was probably somewhat lower than Japan 8. Moreover

S ta Pyt

the enuowment of unskilled labor relative to capital likewise indicstes

.‘

a more severe relative surplus of labor in India. Why then do we find
e ?',"I::.( e [ - sty ‘.,g,:

a greater responsiveness in terms of lsbor—intensive technology choices

statically and labor-using technology change dynamically in Japan?

There are clearky at least two parts to the answer° first, thatwthe

elative market prices of factors in India did not represent asitrue
EE ,};. s EELERI LS ’.,4",, ;.‘,,

a reflection of relative factor availabilities as in Japan, and secona,

B . o J.' -
SR TR TEE G & < LU ‘;L?-. iJ

that the overall access to information and capital, coupled with the

3 '” 25N S

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

W7

co AR o] v RE RS SR R R ; E s ]
of technology change, were much more pronounced in Japan than in India.-
. ,AL\«. TN T i L C e T 8 U A : Lalh ' . ,!
Let us- exsmine each of these dimensions in turn in somewhat greater detail.s
VLY e tronmy et hooolbn S St 3o Dl ‘*‘7'}-,';'
In Japan wage 1evels in the textile industry were very much tied:

r FEw aird I S S T R i T o

to the low renumeration of unskilled labor on the 1and. All the

‘.available evidence indicates ‘that renumeration was set’ at some relatively

1[narrow margin above subsistence,.with spinning mill wage rates varying

T R CICY DTS I S R N ":"I



Mmostly in relation ro the pportunit: cost of the relevant agricultural
lpiEneydiand R Wil st L ek geedeY neg Beng staine¥

htntef}%nd' Thew??v:fa%}" éupply curverf’laborwmayjthus be viewed asv
composedlof a series pf perfectly elastic segments with important 1$£a1“3
ey bty e Doendraey Do d dve I VO 0 Q mip b L TRERR S
monopsonv characteristics.l Indianlwages were generally 102 to 157 lowerl
Ehan th;ir Japanese counferpartrat the outset. | :

harm g ; I FEVCHIE 5 S SN ux“"ci'r'« : by ol PR

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

N N, ,,,‘,,3(, S R regat e G

wr-‘-y»"' u‘r

on the rise in Japan during the 19th century, and when we examine similar--

e M . et

- N
'u’f H BRI (I ‘;ﬁ':% el RNt i ]

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

L ,i 4l RS I ',,;,,;,1 St 1-;’_/;;,{' . “..‘»-:‘:,‘;.'.jf, AR TRITPRYS Db FUNTINEY

(sult to be holding.» Yet we. know that, at the margin,"savings rates were

PR ‘3<- '.'n' ='.’ 3t 3% . : STERN !,. i ERPTIES ;3

’ We may thus conclude

CL ';5& P SR A

'unskilled labor in India-—and probablj increasingly so, relative to Japanr-
was not permitted to be "heard" in’ the same way. One reason was the
SR VI RN ~ 4

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

e

\'s N v P

o

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

.,",X-?D ity \*‘

,mother country, were not discouraged early on in sharp contrast to ‘the

AR '!,.n, aaaaa el ..A‘v L L

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

tg\ EEEE '11, _}-.‘___._ ,,., H SRV o

India--usually associated with artifically 1ow interest rates in official
u,i(.‘ Y S IL ¢ givel s an AR w lg:",)ii SN e L LT S R R s

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

fins.
£ing whfmng oanIRe TR SO K e St i TS

indu?try was assigned a colonial role encouraged the import of U K.
B D - L1

‘final’ “goods, assigned particular export markets to it but mainly

A 5
"»a‘ .}_,‘ .v_\.‘t‘ i N',L (‘ PRI

;Also see, our evidence,below (Section IV)dealing with ;the, charac,,,,’ a

gteristics of ‘the Japanese cotton ‘labor force in detail.



TaBLE ?4~—RrLATIVE FACTOR Prrces::

ST C Capital Goods ’ ' I -t | Rati
o ° | General Whole-| Price Index | - ooeres | S Ratioof = |Ratioof Rea
Capital Goods | ooy Price | Deflated by the Money Wage | Cost of Living |~ Real Wage:. | Capital Goods | ~ Capital
PriceIndexs | “poao Genesal Buice | Indext 7| Indext Index ~ | Priceto | Goods Price
(1928-32=100) | 055-37100) i (1028-32=100) | (1928-32=100) | (1928-32=100) | Money Wage | -~ to Real
U R @928-32=100)| R | Tndex’ | WageIndes
~1887 - 20.5* 32.2 91.6 1 T - e - 2.68 —_
1888-92 33.4 371 90.1 12 - s = 2.78 —
~1893-97 43.7 41.7 105.0 14 . 32.8° ' 42.7 3.13¢ 2.46
-1898-02-} . '59.1 53.1 110.1 : 18 - 44,1 40.8 3.28° 2.70
190307 63.8 63.5 100.4 19 "~ 50.5 37.6 3.35 2.64
>1908-12 65.0 68.5 95.0" 27 - 55.8 48.4 2.41 . 1.96
- 1913-17 89.9 81.2 110.7 ' 29 "~ 60.4 48.0 3.10 2.3
1918-22 - 170.2 150.4 113.0 74 ©119.3 62.0 2.30° 7 1.82
- 1923-27 . 148.1 139.6 ' 106.0 : 108 118.3 - 913 1.37- 1.16
. 1928-32 100.0 100.0 . - 100.0 : 100 -100.0 100.0 1.00 1.00
1933-37- 100.1- 107.4 93.2. 93 " 98.8 94.1 1.08 .99

' Hompo Keizai Tokei (Economic Statistics of the Bank of J. apan), annual, Also see Shozaburo Fushino, Senzen Ni Okerst Shihonjikeisiki (Capit:
Accumulation in Japan in the Prewar Period), (Tckyo, 1955), Appendix IL Converted from an October 1900 bas~ '
. -b Available from 1887 only. | ’ : o
s As developed by Ohkawa-at Hitotsubashi University. . ) _
* 4 Yuzo Yamada, Nippon Kokumin Shotoku Suikei Shiryo, op. cit., p. 154. . ]
% Tsutomu Noda, “Meiji Iko Seikei Shisu No Suikei” (An Estimate of Cost of Living Indices in Japan, 1893-1954), Econ. Rev., Apr. 1955, VI,”
-10, Converted from a 1934-36 base. , ' . e R



supported the expansion of the domestic market. Japan was equally
constrained in its pursuit of an import substitution policy, thanks '

to the imposition of the Unequal Treaties System which limited ‘tariff

‘4} I

44444

ve absence of

i
direct interventions by such’units as the East India“Co. greatly

levels to sz until late in the century. But the re1

b o ( Fny

facilitated the shift to a competitive market-oriented export substitution

strategy at that point.1

’.-

For a comparison of the two countries textile tariff schedules
during that period, see Charts 2 and 3.~‘ We may note that, certainly
:‘by contemporary LDC standards, tariff protection was extremely low in

a-both industries and both countries, especially the early period. Given

- the near uniformity of the'nomﬁal rates for both the final and intermediate

t

ygood, the effective orotectionof 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-

Lcolonial context.,

For example, in*addition‘to the effects of a~substantia1 divergence

"
i,

in the overall level of factor price distortions,the contrast in the

At

extent of overall competitiveness of the two industries is quite marked.

Japanese cotton spinning was characterized by relatively free entry and

et ." =t . ;s ";'

the almost instantaneous diffusion of technicsl information via Boren

-

e e S

_ See Baba and Tatemoto "Foreign Trade and Economic Growth in Japan:
1858—1937" in Econdmic Growth: ‘The J;panese 'Experience: Since the Méiji
'Era, L. Klein and K. Ohkawa, editors, 1968. '




Japan and India °

Comparison of Tariffs 6n Cotton Yarn
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Developing Economies XIII-I (March 1975) p. 7624
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Chart 3.
“Japan and India

_~Comparison of Tariffs on Cotton rabrics
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Source: Indian Textile Joh;nalf(ed) Centenary of the!TextilevIndﬁstiy?ihfIﬁdi%ﬁti954]
p. 685 and Yamazawa, Ippel "Industrial Growth of Trade Policy in.Prewar Japan! .The’«
Developing Economies XIII-I (March 1975) p.62. . -
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(the JapanesefCotton Spinners' ‘Assoelation)y: Profit?mﬁiimirationﬁcanibeﬁ?

said

toihave ‘beén ‘a ‘good: approximation to’reality.

Indian’ mills, ‘on' the’ other ‘hand;: were'mainly established under the T

so-calléd’mansging agency ‘gygtem.’-The principal function of: such<

”fsystem seems to.haye; been., toiobtain the necessary financing and to

~contract;out the actual management.. of - the productive enterprise.

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

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

profits. - They, also. managedltheir own mills: and haye ;a record ofH .

relatively greater- receptivity to new. ideas. The British managing.

agents on the, other-hand,vcustomarily represented,theigreat merchant

houses., and were in a position to. alleviate the credit shortage

among individual would-be Indian mill operators. The managing, .

agency systen was thus based largely on the initial unavatlsbllity .

of  sufficient numbers of domestic.investors willing to, 80, dnto..

industrial.ventures in the.absence ,of British capital.: . Consequently

the participation of. the British managing agent.who at first was an,

industrial pioneer, later a promoter and still later only an inters.

mediary,was often required in order, to. mobilize the necessary, capital .

LY

vithin India. Bot, the price in thus .effecting a. deep: schism. between,[

management and ownership was high.( The managing agent‘became typically

less;_nd{

DA R b 1

"'11 equipped technically and.even ‘more ' importantly.'his

‘xm gl lil r's;

renumeration -was, not. adequately related to the net profitability oﬂwﬁmfﬂﬂ

the enterprise. _ Hanagement commissionszwereJat first calculated on the

[Se ¥ i3 3

basis of productionﬁtargets, ‘later on the basis of gross profit:

before depreciati n, b

'"thfcertainly biased indices in terms of normal

profit maximization related signals.
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As a conseque*“e. many - Indian textile firms may be‘fccurately
£ s RE R :
'gwa satiaficinggiather“thav;maxhnizing;.“

characterizvd

pattern of‘behavior. fIn th absence;ofza sufficiently large class

of‘ ndigenous industrial entrepreneurs,guiding theifuture;of their

own enﬁerpriaes the‘drive to, "build a&better mousetrap"‘or at least

adapt on’:’ ‘f?What we' have here 48" another, this

time historical, example of the}possibfe consequences of 'a’ managerial*
preference for "the quiet life"

| The overall quantitative consequence “of this difference ‘In the-
economic and institutional environment in the two country cases 18"
illustrated both by‘the relative lag in the adoption ‘of “the” new' ring’
technology tin the case of " the Indianﬁspinning’industryJ'as well as, ‘more "
broadly, by the lower 1ével of labor intensity ‘at “the- outset “and" the
.lower tendencyto ‘i8e more labor effectively at ‘the" margin 4n"Tadia:
»We have already noted the evidence of capital shallowing, “§.d.'a sub-
wstantial actual decline in the capital-labor ratio, 4n’ Japanese spinnine
between’1886”and’1895, with ‘a’ gradual reversal’thereafter when ‘the"”
'pressure at the margin of ‘rélative ‘endovment” and relative ‘Fastor’’

'price changes began to reverse itself.2 Virtually constant ‘jevels ‘of "

'Scapital-intensity ‘From initially higher levels (see ‘thé'

nrables_l7”'d 2)have been recorded ¥or the case’ of India

":R¢1 Kiyokawa characterizes the SNLIT IIUM MULE LU Lilp Opsiiusvs
as "incredibly slow (see his‘rechnology .and: the :Formation_ of Markets in
the ‘Indian Cotton Textile Industry, Op. cit. April, 1976

See G Ranis;’"Factor Proportions in Japanese Economdc.Development

.....



he broader repercussions of this differential performance w:l.th
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.

.!

1mportanc third market, such as China (see Chart 4). The same phenomenuu
can be seen more generally when we contrast the trends in cotton yarn
imports, production and exports dn Japan and India with the' help of

Charts 5 and 6. . The spurt in Japan 8 yarn production and exports betwee

R 2Ly i } / \

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

least for the comparable period after 1902, indicate a much more modest
‘ 71

growth of production and a, greater orientation to the domestic market.
L

Turning to cotton cloth (Charts 7 *-and 8), we see. the same contrast, a ;

bit delayed, in the import, domes;:ic production and export patterns.l
Looking .at the within; country sequenthial‘ pattern for Japan,;fwe can
moreover, clearl‘y. discern the outlin; of a‘\successful transiti;n through
“the various phases, of the sproduct cvcle (from yarn: imports to production
to export and: ditto, wit -a( delay, for cloth) This can be ‘:seen t:y viewing
_,,Charts 5-‘and 7 together, as well as with ‘the: help of Chart 9> which \captures

‘the pattern of development in this important industry over time._ The high

'level of technological flexibility at the individual e trep neurial

Mlevel which will be demonstrated more fully in the next./.section was

; IWe are contrasting here,, of course, trends, not the absolute importance
of trade versus the domestic market dn” countries so dissimilar in size.
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responsible in largexpartafor ‘the" system s*success in effectively

deploying its changing 1omparative advanyage in this fashion over time
.' o .i' (\ v ;

[n the dynamic case it is clearly such technological flexibility at the
lndividual entrepreneurial level which: permitted Japan to transit smoothly
through various phases of the product cycle as far as. the cotton textile
lndustry is concerned.‘ As indicated in Charts 5 to 8,. Japan was initially
a net importer of cotton yarn (abstracting for the moment from quality
lifferentials), thenjimport substituted, and finally became a slzable

aet exporter. The same?pattern may- be observed in weaving, especlally

T
5Y s »

as it relates.to the production ‘of wide~ cloth. In other words, the
Japanese cotton textile induatry can be viewed aslhaving followed a
path described by the product cycle theorists, something which the
Japanese themselves have. long called the "flying geese" pattern of
industrialiiation. Such a pattern, permitting an economic system to
deploy its changing comparative advantage effectively through time,
:is the direct result of the high 1evel of technological flexibility
'ﬁand the rapid diffusion of new technology at the level of the individual

;Jentrepreneur,which will'be’ demon’s‘tﬁrate‘,dt-below‘
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IIXG Out'ut f ‘Resource Savin snd Labor ‘Absor tion

A. Introduction

Economists usually neglect the quality dimensions either on th

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

E fopegl
assumption of homogeneity in these dimensions considerably simplifies the

T, ,.“,“!d R TV I I T .S ORI Gy URRIPREE S P MO

analytical apparatus. so much 80 that when evidence on differences in
i B <

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.

iRl

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. Especilally 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

Syt . wiv i

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

L T T e R et e T e

is often inappropriate for the an 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

Yoo sE w At
2y '

: conditions.ls The shedding of inappropriate productzcharacteristics,

- . The analytical implications of this view of!consumer demand:::
were first taken up systematically in K. Lancaster, "A New Approach in
-Consumer Theory," Journal of Political Economy, 74 (April 1966), 132-5(
An early explicit application of Lancaster's work to LDC's appears in
F. Stewart, "Choice of Technique in Developing Countries," Journal of
Development Studies, 9 (October, 1972), 99-121, .
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‘ source ssving jfOr LDC:8,1) Anditional
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by itself, can represent a s}gnificant\

\c? 14!:3_51‘{-

vf«"v '\;,-"‘F

aaving can ‘be achieved if a downward adjustment in quality also means
uaing a production process which uses more of LDc-abundant idput;jp‘

I productstmay be usefully viewed in terms of theirxhuality
characteristics, the\same is true for inputs.& Unlike product attribures,
it has“long ‘been’ understood that input attributes are most impeztant‘for :

\

interpreting manufacturing phenomena in LDc's in general aad in particular
the?disappointing contribution of the industrial sector to employmenkirv
groﬁth. As ‘early a8’ 1957. Hirschman argued ‘that capital may not be the
only scarce’ factor ‘of production in LDc's and that capital-labor choices
havefto”be ‘made ‘with consideration ‘for scarce managerial talen\.li With a
gomewhat different slant” on the same general problem, Gerschenkron,
writing even earlier, observed that the stable, reliable, discipl“ned
labor‘force required by industrialization was not the kind found in
abundance ‘by" most iate developing countries and that therefore capital-
'intensive induatrialization strategies ‘Wwere not inappropriate.z‘
Fof”alltheinmortance ‘of these early insights, there has been curiously

%little work done’ within the 1DC's to test them.or equally cogent al-

ternative hypotheses. What little work has heen done on these topics

.

1A. Hirschman, The Strategy of Economic Development (New Haven,..
Connecticut i+vYale: University Press,:1958)+ - - sbnes it

: 2A. Gerschenkron, "Beonomic Backwardness in Historical Perspective
in B. Hoselitz (ed.), The Progress of Underdevelqped COuntries (Chicago. )
University of Chicago Press, 1952). DT e
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" anywheve has befn?inconclusive.i A 1968 study using if

Fo Bk va Yl

supported 1{rschman's and Gerschenkron s finding that higher quality labor

is complementary vith unskilled ‘labor and a, substitute for capital.1

FUR SR S

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

Sl

skilled and unskilled‘labor to be highly substitutable and skilled labor;
and canital to be highlyrcom»lementary.z' These most. recent findings do "
challenge what is now the. cunventional, 1f untested, wisdom.on the. subject
forfthe LDC's,

‘ This section will examine the relationship between technology choice
and the various dimensions of input and output. quality in LDC s by
analyzing the historical “xperience of the‘Japanese cotton textile industry.3
Using market generated data. it wiJl be shown that there exist tradeoffs

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

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

1M Yahr, "Human Capital and Factor Substitution in the CES
roduction Function!l. in P. Kenen -and:R.- Lawrence:(eds.),: “The- Open -
Economy (New York: Columbia University Press, 1968).

2E. Berndt and L.” Christensen, "Testing for the Existence of a
Consistent Aggregate Index of Labor Inputs," American Economic Review,
64 (June; 1974), '391-404, * 7" -

: 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 Communi.ca-
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).L




scarcity and quality. The nature of the tradecffs among these inputs of
Vaiytng quality will aleo be identiFied.

B The Japanese textile industry created a range of cotton cloth
proaucts which were of lower quality thaﬁ"hi&*ué&ﬁ’é%ﬁéiiiiy hitherto

‘ f
, Ianufactured in India, Europe, and America, “but which were well suited

to East Asian markets and to the demands of the lower income claasea
-elsewhere. The Japaneae’were”aucceaafulJin”profitably"producing"thia
cloth, in large measure because they creatively explored the complementarity
‘:and aubatitution possibilities between varying gradea of raw cotton and
between varying gradea‘of labor. They became capable ‘of producing cotton
eloth of a particular quality uaing lower quality raw cotton and lower
quality labor than had previously been thought posaible or desirable.

In the aub-aection which follows, the analytical frameuork for

neiﬁﬁiﬁing the choice«of output quality and input mdx will be presented. )

wA third aub-aection will diacusa the‘data to be used in the eatimation

G Lk

_fof thia framework.a A fourth will P eaent a,legression*analyais

s 1“,”<4 i P W

wexplaining the pricing between 1906 and 1935 of .various branda of

'gdapaneee cotton cloth in terma of their quality attributes. This,analyaia

ﬁwill ddentify the implicit market evaluation of theae various attributes.

z\-',_

ln‘the £4fth aub-aection these eetimated implicit attribute prices will

:be uaed to help estimate the derived product attribute aupply funetiona _

'-%'1a;c,-'>'h,;: L B

and derived imput demand funetiona. Wigh thia eatimated framework it*

Sy AT

,'will be possible in a- final aub-aection to explore in aome»detail the

i e
‘ relationahip between technology choice andfthe varioua’dimenaiona of

flinput and output quality,in,Japanﬁa,pre-warxcotton~tentile industry.



B.s<The Analytical ;Framework
gwﬁsfe@agA!!F@QﬁqﬂnanéggafékttlegfirmsabetweenJigosﬁahdylgjs £5;ij1i§d;g§3

variable.pgbfitvfunctioneofiﬁhe;followink form:-:

I BRI ¥ TR f~.§f'I L ,I»a‘ I P l Iy
(1) e =% ="z %% (1/29 A 1/2p 2)1/2‘ "
e, A= 3?1,j-1 ek
T F I . e
. ~ Ty A1/2 »'1/2 [
+ . z 2 C -?,ox‘n + z 72 z A bn x.; [ . x Y P.
d=1 §=1 97T 4o 5oy gmp 3KT TR

o

whére ' P = vector of pricés of variable outputs and inputs..
"X £ vector of fixed inputs
‘;gfs”grofit operator

and wherefaih = ahl, ka bkj' aj; = 0, bjj‘é.o!

i

The vetipb;e profit fupctiontn;g;Yes us' the maximum profits the firm can
obfaiﬁ;’alldwlng'h subéet of‘iﬁphte end‘Outpute to be variable while'

another subset of inputs 1s held’ fixed.;

......

Lhe concept of a variable profit function is first presented’in
‘P, Samuelson, "Prices of Factors and Goods in General Equilibrium,"
Review of Economic: Studies, 21°(1953=54), 1~20. W. Gorman in."Measuring
the Quantities of Fixed' Factors" in J. Wolfe (ed.), Value,: Capital and
Growth' (Chicago. Aldine Publishing Company,: 1968), rigorously determined
many'. many’ of ‘its properties. 'The profit function's use in.econometric work
is presented in W. Diewert, "Functional Forms:for Profit and Transformatic.
Functions," Journal of Economic Theorx.(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
University Press, 1963), Nerlove solves for the derived demand for input
furictions 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
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v'apectrto the{pricea ‘f outpu_;an"variable“inputa“vthen%for poaitivef

pricea and positive valuea ofsthe fixed(inputa;the solution ‘to! (2)

ie a function of fixed output and the prices of the variable inputs.,
Nerlove notes in 1963 that no one seems to have' done 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. : o

3 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
~ thatythe quantity and quality .of‘output has now been determined, by
:Sheperd's lemma: the optimal inputs. can be. determined from the cost function
-previously .derived. It. is the .proczss-of choosing optimal values. of.
quantity and quality: of output and inpute characterized here which is
- embedded.in the.profit.function in.(1l). .For .more on.this optimization
__process,.see:S. Rosen, "Hedonic Prices:and: Implicit Markets," Journal of
Political Economy, 82 (January/February, 1974), 34=55.
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where Ui is the operator for the profit maximizing derived

wery Boved U i

product attribute supply function or theaprofit maximizing

derived input demand function -

may be obtained{1 There will be one derived product attribute supply -
function or derived 1nput demand function for each of thc varidble

fete gy owadogn

quantitiea. When the parameters of (2) are estimated, ic is possible

to fully characterize production relationshipa.‘:This is because by -

B
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duality theory it is possible to show-thatlthere is a unique relation-‘

ship between an underlying production function and H.z' Note that the |
,,‘ (} ae R ¢ vy ( Y ‘7 "/‘.2, .

particular functional form chosen for n provides a second order ap-

proximation to an arbitrary, twice continuously differentiable, variable

profit fun tion which satisfies the necessary conditions for this uniqueh

relationship'and for (2) toihold.

1The general form of this result is known as Hotelling 8 Lemma

and is proved in Gorman. og. cit.
29

Diewert, og. cit.;




conditions

‘hat»"o;”er’than{symmetry, no a. griori
= g . Sy Y

icloselytrelated'to raw'cotton mix: andilabor mix.x Thia is a’ central concern

: he analysis here.;

G The Data

The price vector P in (l) and (2) includes fifteen elements.

';1price of cloth

»!,!(,\‘l‘ PR S |
RO u,‘\.’ e e

2...price of cloth.attribute - warp yarn count
g 'Tf” s) ’.3-. oo f- \"

vP3 price of cloth attribute - weft yarn count

P fpprice of cloth attribute f ends per inch

price of cloth attribute j picks per inch

( ,5,,‘ s 3 S 'H".un

price of cloth attribute

‘? N h f,:i‘,';

gorical variable)

P!a%r!. ve_,eve_(sate-. .

o 7

g price of cloth attribute twill weave (cate-

755.:, e ,L FE J] G
gorical variable)

A
PB price of cloth attribute

width

P-- vages

-«\‘
lﬂ L..--. Of the concept of separability is’ given in P. Geary

and M. Morishima, "Demand. and ‘Supply under Separability" An M. Mbriahima
‘et al., Theory of Demand. Real and Moneta_z,(Oxford. CIarendon Press,
1973) R




Plo price of Chinese cotton
£ Eat :"‘ianncotton

12 price of American cotton A

-T:‘H;‘.;

P13- price of Egyptian cotton

i

?1:.?,.‘1!:3.0%.”9! other, cotm ;

The eight ‘clothvattributes- ‘being” treated as variables do not exhaustively

Wi R
‘-r

characterize each type of cloth, but, given the limited number of degrees

It should be noted that ‘the’ threads running the length of a bolt of cloth‘
are called warp threads” and those lying cross-wise are called weft threads
A bolt of: cloth is" woven by pulling ‘the weft threads through the prepared
warp. The" weft £111s"1f’ the’ warp structur° ‘to ‘create cloth. The thread "
.ifsEIffis?referréd°to’asiyarn. Each type “of yarn ‘18’ given a ‘count number
equal*to”the 'nunber of hanks of that yarn (1 hank = 840 yardsf necessa;yn
to equal one pound. The higher the count, the finer the yarn.; The number
of warp threads® per “inch’'or ends “and the number of weft‘threads per inch

*“The veave is another ‘{mportant” product attribute. The theoretical

variety of! weaves’is limited only by ‘the permutations and combinations

iscussions of different attributes of cotton cloth are given
ter, . _Cloth_and the Cloth Trade (London: :Sir Isaac Pitman and
laye, Staple Cotton Fabrics (New York: McGraw Hill, 1942);
and. A..Whiteside, Whiteside's Textile Information and: Conversion Tabler
(Bloomfield, New Jersey: Morse Press) among many other places. See als
the . very .useful dissertation on the American'cotton textile industry by.
‘Do Doane, "Regional Structure of the Potton Textile Industry" (Purdue
.Univers ity;-1969)..
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;uhich can be vorked out,in the ositions of such groups of warp ‘and ‘weft

g,, ’i.c’ y,\ ', ,Y'x,

?threads a can be changed relative tokeach other.on the loom

ithere are. two major options--interweaving every thread at every opportunity

Inypracticc

vThe firs ?option is‘the plain veave.h

i

for skipping thresds here and there.:

:Uhder the second optio%, most non-plain}Japanese cloth produced during the

«,va’.J“" " L

‘"u Inﬁthe twill weavesvthe

'period of‘this study was

(‘ The

thread, after passing under one crossing thread, rides on top of two or

g I HT* '.-’{

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

CaE s".;.“' HEN AP SRIE

i Gal

;ridge'or twill is produced. In the.satinuweave,'also~produced by floatin:

one thread across several others. the formation of a rib is avoided. Thsmw

FELY 'f;'x\ .?.

() ;w-.s.': EANT

The cloth—width attribute primarily defines whether the .output will

1/ - nr,’ :

be used to make traditional or Western-style clothing. Japanese kimono

,I; \

are made*f om bolts of cloth no more than twelve to fifteen inches wide.

N)f AN D R EE

Western-style clothing and other Western-style cloth products are, cut
gc

from cloth which is double to’ triple these widths.

7 €D LY

Given the other cloth attributes, an extra* ariable for.weight

" it

warp yarns._ Starch‘might account for as much aa six percent of British

ﬂwrican cloth weight. Sone Japanese brands of cloth contained as

muc‘fas twenty-thre' percent starchllv,

IH CIark, COtton Goods in Japan (Washington. u.S. Government
Printing Office, 1914). ’



Varisble input attributes in this snal ticel frsneworkisre,

‘ exclusively different grades of rsw eotton. Raw_ cotton is greded primarily but
‘uot exclusively by the length of its fiber. otherwise called its stsple
length. The longer the stsple length, the less the fiber will break when

4it is ‘being spun: end woven, ! Because longer count yarn requires nore spinning,

the probsbility of breakage is higher and therefore higher count yarn generallyi
requires longer staple raw cotton._ Similarly,}warp ysrns must be stronger
than weft yarns‘and in_consequence slso requirewlongerrstsple 7§"w5°t§°9?ﬁ
period;under consideration here. Chinese rav .cotton, had the shortesthstsgle-
Next csne Indian rav_ cotton, followed by raw. cotton from the American )
South;  Finally, the longest staple rav cotton used by the, Japanese, a8
by the English, vas, from Egypt.

The X vector in (l) and (szcontaining”theufixed inputsiigc}udﬁg
as’ lements: |

spindle hours V

X5

xz g ] loom hours .

x3 g length of shift

»34 = experience of the work force )
5 g education of the, work force .

iC is sssumed4that decisions as’ to; the: levels of‘esch;of these: five inputs

lw Clsrk;aCotton Goods in Japan (Washington. UsS, Government




ﬁcapital goods. And the lag between order and delivery was sufficiently

fand unexpectedly varied auch that; .spinningimill'manager 8’ ontrol over

1

fthe time path of his mill's capacity fould be quite limited.

?&*“““‘ In’ other words'}once the capacity is Yin’ place, tha mill manager

;has only limited discretion with Jif; tfto capacity utilization and.

:length of shift._ The Japanese cotton'spinning industry was, during the

iperiod under study, and remains today, an intereating blend of competition

vsThus, while entry ‘Into” 'ekindustry vas alwahéf“nreStriCted?

’and decisions regarding output per ‘e’ were left to' the individual firms,

ithe trade association or' cartel executive body, throughout virtually ‘the
fentire period under study, determined the limits" of capacity utilization o
:and the length and number of working shifts., i

“-Awailable‘evidence also suggests.that individual firms had”littlé“"

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

‘differen ;longer horizon in mind. Throughout most of the pre-Wbrld War

’i,the#'pinning industry relied on young female recruits from the

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

vthese ecruits had been exposed to any kind of formal education. :Duerto

jan explicitrchange inxgovernment policy, by 1910 vninety-eightipercent

TFor rurther discussion, See Gary:'R..Saxonhouse;:> capital
'Accumulation, Labor Saving, and Labor Absorption Once Mbre, guarterlz
Journal of Economics, 89, (May, 1975), 322=330. @




;The work‘experience of the average member of 'the’ spinning industry
labor force rose from fourteen montha in 1891 to ‘over’ forty-four months in

f-l930 largely because a small constant’ proportion of each entering cohort ‘
' *“‘R 3 (

e

may have had to establish a permanent work force. they were unimportant by
| comparison with the simple maturation of the industry.1
{‘d#OTheiayatem%ofﬁéqﬁatigﬁs 187 (2) ‘will ‘BaFestimated using 903 firm
observaticisrovertastwenty=-ninecyear péfiddﬁﬁétﬁeéﬁ”l906aand”l§3§§”*Tﬁig;
1s a subset of the sample of 2,138 cbservations ‘over forty-five year
which has.teen used in some of the previous work on the pre-war Japanese
spinning industry. This subset“is defined by the availability of brand
price and attribute data. While the”input data iavtalen from the records
- of $oren;‘the All Japan Cotton Spinners Association, the brand price is
takenofrothesregular quotations-made’ by ‘the 0saka Cotton MéFchants Union.
For' t'hefé'ntire “pertod betwéei 1906 ‘and 1935, ‘thie Osaka Cottdn Merchants’
Unionch'uote'd prices regularly on-all ‘the major brands' and mdny of the
: minor?brands ofncotton‘yarn ‘anid"cloths: cnaiaazafizaclaﬁsﬁbr~ehésé*bfaﬁas

in terms of theseven' attributes discussed ‘above ‘aré ‘also ‘readily’ available.v

1These topics are treated in more detail in Saxonhouse, "COuntry N
Girls and Complementarnyof Communications among COmpetitors," “and Saxonhouse,.
MProductivity’ Cliange ‘and. Labor'Absorption in Japanese Cotton Spinning. 1891~

: 1935.“ 02. cito
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Mmﬂghg l-plielt Priceo of the. Attributee;ofiJapeneoe;CIothhgnd Yarnvt s I

‘ Ihe pricee of . cloth and, yarn attributee requlred fo:;thefeetinationﬂ
:f (2) are not, explicit, market priceo.~nkather,%following;eerlierhvorkxonouw
hedonic price 1nd1ces.,cloth pricee .are_first regressed; on. cloth eharacterlstics

ko gbt§1ﬂ.‘ hedonic.oricewfunction.

: '-'~‘~’~B’ }.Ft,-ii».z Bt
(3)_ e i

~vhere u,, and .u RaaF§ﬁ€¥9§h@aFtr£b9§eS’?and Qgé~71§?theﬁprice¥°f“°1°th'1
l!jrf'di.g‘.f;‘ex;1\:‘e'nt‘:gl_.gt:._!:n}g_',;(3):,‘»113§tc;g:;,%_e_gt:j,.,met;,:_!_.qxfg,i it.is.possible:to obtain: the:

implicit: prices of the cloth characteristics:

ipim! Re il g 2dyd/2 .
(4) 'By= du, 2 lj(u )

:While one relationship.is used, to.characterize the,temporally-pooled:
.obeetVationeuonffirm,brenddprleee,iltglehcleppﬁﬁtomgthe form-of -(4) ;that in
over time a8 _the attribute. composition characteristics; of.product t,\vmes.%
This will occur even as,these firms are.at any.one(time operating in the:

liehefmarket and is at least theoretically possible because of the nature of

‘ ’The .approach, taken. here followa Sﬁhxosen,,og..cit.qandzR.:E. -BeiLucas,
lﬂ"Hedonic Price Function," Economic Inquigy (June,. 1975), among.other papers.viln
:1(3) 1t ie assumed that dlj - d.11 and d11 - 0 ‘

2 2Had the functional form of the hedonlc price. funetion in (3) been
"linear, the implicit prices of: attributes would be constant even as the amount
v of a: particular attribute embodied in a btand of cloth varied.
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the demand for cloth and the technology associated with 1its- production. The
worldwide’market for cottonfcloth inrwhich the Japanese participategfbetween
'1906 and l93§‘consisted of a number of separateﬁbut hi;hly,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 cfemplified
; 4

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

the light-weight, finely woven cloth which was climatically required in such

H

Japanese export markets as India and South-East”Asia, was not abundantly used

in Japan. And again, the heavily-sized, sparsely-woven cloth which Japan
4 [

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, explicit

"markets, the non-linear form of (3) would not make 'sense. competition
I .

should make the price of an attribute everywhere the same.1 Because clorning
i
X

attributes satisfying a variety of different ultimate demands come’ packaged

as "cloth and cannot be trivially unraveled and recombined. because'conaumers
I ¥

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

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

1 v- y f ’l

of particular markets by producing particular attribute packages, differences ’

] X
in the implicit prices of the same attribute could occur in competitivc msrkets.2

i
E . 1Yarna of varying counts of course were traded in explicit'markets.
B!

‘ 2See the discussion in Rosen, op. cit. and J. Triplet, "Consumer
Demand and Characteristics of Consumption Goods" in N. Terleckyi (ed ),
Household Production®and Consumption (New:York: : Columbia University Press,
1976). . ‘



TABLE 5,

THE HEDONIC PRICE REGRESSION COEFFICIENTS

P v" i :»-?

g - . o o s Po—

‘3§4 , e di6 ‘-’éi d«is

i=1 “n 893x107° .851x107° - .531x107 .941x10 ‘6321078 319077 Z.131a0;
‘weight (2:94);  ° (2 56) (3:18)F (1,96)% (106x16‘6) (694x10 ) 5 (29_16)»_

i= .132x10— %.623x1073 .91§x10”,3 ©.511x1074 2380107 273x10

.VwaZP ya ) Loant : . :
‘nurber ©(=42) o (1204) (1.23)-  (.522x1079) ~( 114:10° 3) (L 66)°
3

=6

k ’LL cybwep

i=3 . 497073 724x107 29051074 “ 321077 - .323x10»3
welt (1.26) ©  (3:43) (62l (o3, - (L2
i=4 L0 561072 - .438x1072 22807 1 137
ends pet : .69 . (3.20). 2:35),  {(.389x107h
i=5 . b Y L5170 -2 196x1072 - 263 L
e B “ © (1.58). (1:78) (.677x10-1

B

)
i=6 . 10 - -000 .592x10‘ 2

twill edve | ) .68lx10 72
| (1:94)°

i=8.

iath .

‘2 = .775., The flgures :m parentmses are t-stat:.sta.cs. :"

V'Ihe eight cloth attributes are indexed by i as’above. |
— i
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Equacion‘(leissestinstedtusinsfgenetelized lcest=squoro”1-nthodswn
which sllonfor unoeasured tine-specific sudrfirn—specific*eftects?using*
dummyqveriables.fg Sonexof theuresults?ofnthishestinstion arenpresented in 10
Table <5 Wl These resultswshould bc interpretedzwith somercsre.; The hedonich
price!regression is; not aasubs:itute for estimstion;of the decision mskiog f?_.
framework.laid;out in: (1) and: (2).L The=hedonicuprice £unction osywbemthoughtf<
of. as, amrelationship;whichjtrsceshout the~transactions«generated byvthe qum?n;
intersection of:the; sttributegbuyerusgimplicitﬂcompensated;demsnd functionsss
with the attribute sellernszimplicit'compenseced supplyafunctions.v Becsuse*w
buyers and. sellers;differeamongethemselves ;insthe ways: outlinedxsbove.:chexsw
hedonic price function is generated by many different:demand: functions
intersectingswithimagyndifferentﬁoupplygfunctionssaxThenhedonicsprice function
duplicates«economet;icallywtne;msrketminformationﬁknownxto ﬁuyersﬁendoseile:s.
_Iﬁ,ﬁhowever.wwefwish“togundetstandgthevdetetminantsrof the:implicit transaction
pricesnfor:each»of@theistézibytes;rather;thsnnﬂsimply?atheximplicityttensaction

price itself.Ademand;ﬂ%dwsupplyffhm' ons must -be: identified and estimated.::

ulngstlegédsone;attemptjis madeeto;s iLestheimnrket:information 7

obtained: from estimating equation (3). -The: average imp~

the average amount of this characteristic packaged in a piece of cloth are
presented. forefive-yesr«intervsls

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

1As vith most such prices in’ pre-war Japan. ‘changes “in the price of
cloth are dominated by fluctuations in the business cycle. In an effont to
avoid-imposing atill greater complexity on the’ e§§i§;tion of theé hedonic ™
price function, prices of cloth have been deflated the price of raw. cotton.
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,’l- ausber :of observations should be made. l'ir.t:",-ﬂ dii’a:lni'l'at_ji‘._ ttends> are
found in the average implicit prices of the cloth attributesi ! The ‘attributés
of yarn fineness, sizing and width show increasing prices, Giiﬂe-‘*i:h@ cloth?
density variables show decreasing trends. At the:same’tiie; these dif_fér’:l.ﬁ‘ﬁ"
trends can be loosely related to changes in attribute :weight or'quantities.’:
Positive price trends are associated with inéféaéeo 1‘1‘{1aéftiﬁﬁt’e?ﬂﬁaﬁtifiié“.i‘-
Implicit price declines also do seem to be :associatéd with-small’declines’ in:
attribute quantities. . Since the hedonic*-:i)riceﬂeqmﬂ‘o‘ﬁ dg-fiot'‘a striictiral:’
equation; no real interpretation of these:assdciations: fay be-given: 'Only
wlen: the:profit- function:has been -estimated caisuch an interpretive linking
b’f Fﬁ:ic;ea;:‘andf:qhﬁtitiés ibe:made:
‘ff?theJivetagéuﬁficevéf;Jépéﬁééééhédé%éiétﬁ%ﬁdﬂfﬁéﬁtiﬁé*ﬁiﬂéf and-
ﬁéﬁénﬁdfeéﬁheaﬂly' sized; -and-came to Liiiéé’-‘,fii‘ife‘i."‘-‘;ﬁifiiif’z-«iiiiflé'ti‘*iié‘;‘é ‘less densély
,éavéh;nie 18:also. triié thaﬁ:Jépiﬁééékﬁfd&ﬁétiéﬁ%ﬁiéﬁbéééﬁiﬁgfﬁbieshétéi&ﬁeﬁééﬁs
zévéfaeihésuarhismiaweerﬁa;ﬁiyaféfiéétéaﬁiﬁ%tﬁeﬁeaéffiéiéﬁes»6£wvafiatioﬁ~af
!thgaiﬁpigcie prices of ‘the attiibutes: Fof dll: theright attributes, there
afaeﬁaﬁattivial~v.:1acianaxiﬂ;eﬁéeiﬁﬁiiéié attiibiteé:prices’ among'fiims. For
alieight ‘attiibutés this variation:beconss iofe:proncuniced with World:-War I
aiid: continués to-increase:sharply - tlitough1935:

‘ fll:a‘ 'l‘he Estimation of Derived Product Attribiité Functions éiﬁdé‘l)éiﬁ'vé‘clfiiﬁﬁiiﬁ”-
Demand Functions C ‘

Implicit prices calculated usiiig the coefficiént estimates in Tabie
5 are used in the estimation of the equations ia (2). Note that 'thééé
implicit prices are not predetermined variables. While textile firms be:li'li
modeled did not have market power, brand choice and implicit piiééé were

deternined sinultaneously. It is also plausible to assiime that elements: of



TABLE 6

THE "IMPLICIT PRICE OF CLOTH CHARACTERISTICS

1906 1911 1916 1921 1926 1931 - 1935
“Real inplicit price (index) 100.0 108.2 105.7 112.1 115.8 124.3 124.6 -
Coefficient of variation . . S
of price . 043 . .041 .038 .069 .052 ~:.097 4103
Quantity (index) 100.¢ 100.7 100.4 108.9 106.4 109.5 108.7
WARP YARN NUMBER (hanks) -
Real inplicit price (index) 100.0 109.5 107.3 110.1 115.4 120.2 133.4
Coefficient of variation _ o e
of price o <85 .83 1.36 3.22 2.67 4313 73,63
Quantity (index) 100.0 103.6 104.1 104.9 110.6 114.6 119.2 &
. U
WEFT YARN NUMBER (hanks) C o S o
Real inplicit price (index) 100.0 109.9 107.9 108.8 109.1- 124.3°=  128.0°°
Coefficient of variation i e s
. of price | .. .81 .19 1.28 2.93 *2.58 4.01 3:43
Quantity (index) 100.0 103.1 103.4 104.2 108.5 111.2 15.9
ENDS PER INCH i o T 5 din s
Real implicit price (index) 100.0. .~ 106.9 -  105.5 89.4. 92,7 89:8°° - 83.4°
Of price .~ r2:01 11.89 2:99 4.28 3:50 57 463
. .Quantity (index)" 100.0 104.2 105.1 100.0 101.2 99.8 100.3

e JE———

_ *As with most such prices in, pre~war Japan,
- are dominated by €luctuations
Still greater-complexity on the e
‘have been deflated by the price of raw cotton.. ..

in the business cycle. _
stimation of

R ETA

changes in the price oi ciown
‘ ﬂInwanweffqrtMtomavoidﬁimposing_ _ ;
the hedonic price function, prices of cloth



zTABLE{;‘bmnfi nneAd

R :.'a o [ R T N S U S g o D S EEIEE

. 1906 - 19114 = 1916 % o ~1921"v« Y, 19“'262A _ 1931 ' 1935

R s

e o e oy e A ST S

PIGGPERM T N e PV
Real implicit price (index) '100.0 '105.8 104.1 8630 90:7 = 96:3 8951
Coefficient of variation ) . L AN
- of price . - -:962 - .. .884 - 1.31 -1:73 ©¥1155 e41i94  23jig3

 Quantity (index) 100.0 103.4 103.9 98.4 99.1 99.0 99.6

PLAIN WEAVE T R R pTin o 3rRTE
Real implicit price (index) 100.0 100.2 97.9 103.3 102.2 98:1 9733
Coefficient of variation , e
- of price " .18 .22 .25 33 Yoo 36 T¥TL29 ThE {32
Quantlty (mdex) ' 100.0 T 2.5 97.4 89 6 98,5 . 97.0:

Real implicit price (index) 100.0 101.3 103.6 107.2 105:3 ©  106.3 1107
(befflc:.ent of variaticn i

Of Pn& L i 013 .14 ol7 .38 L :(’32 o .35 232 ‘39 )
Quantlty (mdex) 100.0 104.6 108.3 110.4 107.5 109 3 109.4

WIDTH (inches) . o ‘ _ o o iae e S
Real implicit’ price (index) 100.0 107.8 105.0 109.2 115.8-° 138 3t 147.7¢
Ooefflca.ent of. variation : o e

- of‘price. . . - 4.47 5.49 . 5.43 © 8.87 - 7.35 791 Tiglie
Quant.lty (mdex) ' 100.0 132.1 147.3 163.5 176.9 195.0 231.8
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"o

the stochastic terms in different derived supply and derived input demand

1 5 }

will have non-zero covariance. These two factors together suggest that a
M’l *‘ﬂ P o ;r‘ i

b Y 'm, 0 4 AU TR :ﬂ’ t 8] '*"-' “’ : oy

variant .of Three-Stsge Leas Squares should be used .in" estimating (2) 2

«ia P

Once these demand and supply functions have been estimated. it 1s

possible to f&lly describe the technical relationships between the differin

‘ “ ’. b %)

attributes of;and inputs into the production of cloth in Japan. Tables
and present partial elasticities of transformstion betweensattributes,
partial elasticities of substitution between inputs and partial elasticities

of transformaéion between attributes and inputs.3‘

=1}

The results in Tablespr‘and.7B confirm that the technical relation-
ships in 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 el?sticities of transformation including non-elasticity for
attributes in Tables 7A and 7B seventeen are significantly different M

statistically from zero. Tradeoffs clearly existed among cloth attributes;

1Givenithat the sample being ured here is a time series of cross-

sections, it is easy enough to imagine firm and time effects providing non-
zero covariances.

2‘Ihe instrumental variables actually usea i1n esctimating (Z)‘inciuae
"a) money borrowed on promissory notes, b) formally educated technicians»per
plant, ¢) managerial experience, d) price of coal, e) cotton yarn inventory,
£f) exports, g)’rate of dividends, h) paid-in capital, and i) horsepower.

3Thesefelasticities are. defined in terms of the,profit function in
W. Diewert, "Application of Duality Theory" in M. Intriligator and D. Kendrick
(eds.), Frontiers of Quantitative Economics. Vol. 1I (Amsterdam‘ North Holland
Publishing Co.j 1974). / i
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~TABI£:7A
Y

ELASTICITIES OF

TRANSFORMATTION

2

A3

*3

4

e%.

4‘;;‘

173

-14.3.
(2.76)

%304

( 319)
172 .
(3 37)

-9;26
(2;49)

1.43
(2.72)

-5.50
(3.26)

~1.91

(2.12)

~1.64

(2.04)

1.65 -
:(2.80)

“{2.95)

=5.41

=6.35

(2. 81)

~-3 15

(6.08)

v vy

4705
(.526x1072

3.05
(1930)
© 4.78
(1. 41)

. 5. 45
(1 08)

. 2,65
(. 533)

-18. 0
+(1269)

[}

.708

V(. 593310 )

1 96"
( 351)

*.639
( 887)

4.52
(l 24)

B -;8;-,55.
- -
L ek
SR

Tles

1 99
(X 37)M

8 16
(6. 61)

134
(2:43)




PARTIAL ELASTICITIES OF TRANSFORMATION AND SUBSTITUTION

TABLE 7B

-

g 9 10 n o L
1. Weight 928 -.401 777 -1.91 .993x10° T .389
(-597) (.883) (.611:1073)  (.681x107Y) (521x107% C (.23
2. Wapyam =479 1.85 -6.88 - -4.61 3.78 -1.93
- mumber (2260 (4.03) (2.75) (3.58) (6.45) (:611:2073)
3. Weft yarn  -.536 2.7 ~7.60 -4.33 7.02 000
mher (1.52) (1.99) (2.14) (8.89) - (L.63) “(-000)
4. Endsper  .7584107C .68 -2.25 -3.19 9,90 5 3.2
<< (630076 (L7 (41D .6 e (dledrd ' (Toaao™)
5. Picks per 204 . 1.20 -4.00 2 oo .65 5.25 |
L. 2hch (.373x10°) . (2.67) (1.72) (2.15) Qse (39807 (er
6. Plain weave .. .821 555 -.38072  -.402x207% ._-9153’,{(10..,-4 y :
(1.79) (.194x107%)  (.516:07°) (.370x107Y)  (.000) ¢ (.389)°
7. mell -.244 .819 —.655x07%  -.947x1072  .180x107°  .595x107
(1.63) (.742x10™7)  (.000) " (.666x10 (.781x1070) - (2602 ~-(1:26)

-



TABLE 7B. continued

I .
-4 00 3
. T .

]
|

9 10

£ e

10,

‘Width

East Indiar.

American

143

Egyptian
cotton

Othexr
cotton

“;

(3.89).

104
(1.53)
-1-..' 82;:

(1.94)

.318x10 T

-14.6,
(1.61)
-15.2
(1.49)

X071 .898x10”
(.503x10~2)"

'(2.00)

2 A
(.100x10°)
-9.09 .

-397
(1.91)
-13.5
€1..81)

156
- (2.41)

16.23
(2.12)
.868
(1.60)
-10.9,
(2.34)

— g e,

(.107x1072)

=.555__

.....

(140073

£ %

The numbers in parentheses

are t-statistics.
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ﬁVifiﬁtigﬁE éete possible in reaponse‘to*changing denand conditions.

A‘\. %
Lath

“Ligibstitution’ was" also possible among the different kinds of raw "’

cotton’ input;*3 ‘0f ‘the’ fifteen partial substitution elasticities (including

own elasticities) among’ ‘the'‘five different grades of raw cotton, ‘nine arg H

statistically significant ¢ron zeéro, and only one'hds & sign’ which' is

a priori implaueible. Given that each of ‘these'partial elasticities 18" ki

"¢aléulated "on ‘the aéﬁunbtion"thatfaiI”Btﬁét:dttiiﬁut5§iﬁﬁavinﬁﬁtg’é?e.being
held"constant, “these’ results are a potefit demondtration of the charadter'of'’
‘Jdpanese cotton mixing or blending techniques. ' The' following quote’ £rom

a former president of ‘the Toyo spinning’conpany”is'iﬂﬁtrﬁctiue:'J

<+ when we say 'cotton blending' we refer’ to’
the technical skill and ability to choose most
‘chéaply and economically those varieties among

the world's cotton embodied with the necessary

dand sufficient use values to spin yarns of a given
quality. Normally speaking, however, since there
1s 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
‘consists of ‘skill in choosing and purchasing cheaper
cotton as well as the mechanical skills needed to
‘put ‘this’ cotton’ to use’ in the mills.

“In America where cotton of a uniform quality 1s
plentiful and readily availatle, there is no economic
need“to resort to blending, so these skills have
not developed there. England, however, is in a geo-
graphical position similar to Japan which should: "
encourage consideration of adopting blending pro-
‘cedures. They have not; however, developed these *
either partly perhaps [sic] because trade unions

' have a volce in ‘the usage of raWw cotton.:” Cotton -
blending has therefore, come to be known vorld-wide
‘’ag a technique unique to the Japanese.1<"“'-‘”ﬁﬂ‘ ’

B I!K.,Seki,,The Cotton Industry. of. Japan:.(Tokyo:.; Japan Society for. the

*

Promotion of Science, 1956).




0£‘s igl”intcrest to.thi 8.8 tudy are the. clasticities .of, transfornation
in Thble mbetween“variable inputa and outputyattributea.ihrbr exanple, as
obaervations on actual practicebconfirm.pthe finer the yarn :in- the Japaneseq
cloth. thelgreater the, input of high-quality (American and Egyptiamm(raw ,
sms’n' . Sinilarly, the more densely the yarn. has been laid dn the cloth,,
the;greateruthetinput of.raw«cotton.n.

|p§ o In view of ;the cOntinuing interest in the, process of labor ;absorption
in an '8y special attention. centers on, the elasticities of, transformation
and substitution assoclated with.the labor variable. . Of the fifteen f:.e_lestf_.icities
‘lpresented in Tablea7B,eightrare statistically‘significant with plausible
signs. These estimated,elasticities clearly, suggest that. the more slack there
'was in the labor market, the more appropriate it was to produce coarser yarn.
‘Specifically, as Table 7B indicates, a 1z decline in the price of labor

. TR

relative to the price of: yarn was associated with a 1 SZ decline in the

count of warp yarn‘and a 2 72 decline in the count of weft yarn . produced. In other

HaLG

worda, the lower qua,itv cotton is significantly associated with 1arger labor
absorption. This makes sense since coarser yarn. by being twisted less.
makesﬂrelatively Jless, 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 spinning process. f

0

The elasticities,also show that the.more slack there was in the labor

f:)" i8] "A

»market. everything else being equal, the easier it was to use lowe :quality

' "’)) -y Mo ).elxl ho Xl ¥ JLicT R ]

raw cotton. “Raw cotton mixing‘and blending is a relatively labor intensive
:process. With cheap.labor available, short-stapled Chinese and East Indian
'cotton could be. substituted -for American and Ecvnrian cotton. Tabhle 7R

”"ého"i@ ’tha't“"“a’ 1% ‘declin”’“in* ‘the:price’.of. labor.-relativa‘hto the price of

JJJJJ
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a9

Chinese raw cotton is associated with a l4. 6% average in the amount of

sntaponth vﬁi{en* Ly el sot boaemah oy Doad ‘z%mtn'* SRR I n< :
Chinese rawcotton Peing Used by each laborer.‘ By“ contfast, 4’12 d’eélin’e in.

'Mhieyop”i & of lab!'olr yrelative to the‘prin’c" e ‘"f 'i\me}r;ieiah‘ ’r’h’%;’ cot’t}oh1 1'5“‘
assoclated with a 1.6% decline in its uaem

Finally, it is also clear fron Table 7 that the numberfof warp .
and wveft 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
it 1s 'filling, can use lower quality,‘shorter staple raw cotton. ‘Warp yarns
to survive breakages in weaving requires higher quality raw cotton. For this
reason, an increased use of weft yarn may be viewed as a relatively labor-
using innovation. This is consistent with our findings which show that the
more slack in the labor market the number of picks per ineh (weft) rose relativ¢
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 (in this context
aometimes 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.1 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 «
different implications for labor absorption. The more experienced~the labor :f
force becomes. the more productive it becomes, but also the greater the demand‘
for labor. Worker experience within the Japanese textile induatry, in other

words was labor absorbing. By contrast, while more exposure to formal primaryd

education alao meant a more productive textile worker. this vay of showing

1G. Saxonhouse, "Produetivity Change and Labor Absorption in Japanese’ :
Cotton Spinning, 1891—1935",‘0 « clt,


http:Absorption.in
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lobor production hag diminished the demand for labor. ; 'l'he quality dimenaion
in Japaneae cotton text:lle labor markets will be explored further in- section

w.



TABLE 8

ELASTICITIES OF TRANSFORMATION BETWEEN FIXED INPUTS AND VARIABLE QUANTITIES

SFY

]
1

I | - Spindle hours Loom hours ILength of Shift Expenence E‘ducatlon
1. Weicht .723 .40 -.849x10> 2.77 1.59, .
(10.6) (8.63) (.151) (1.96) (1.82)

-3 -4 -1 -1
2. Warp yarn nunber .238x10 .745x10 -.243x10 .682:?:}9.

(7.64) (1.61) (1.07) (1.56) (1.78).

3. Weft yarn nurber .241x1073 520x107% . <.g28x1072 -.992¢1072  .319x107T

(6.85) (1.70) (.681) (1.78) (2.42)

4. Ends per inch .514x107° .381x1071 .562x10"2 .197 . .736x10; 2
(.338x1070)  (2.68) (.786) (2100, (.98L),

5. Picks per incn .881 .334x107% - .264x10™2 212, .681x107 2
(262007 (4.02 .35 G A

. -6.--Plain-weave- .621x10™% -.139x10"% 1581073 - 132

.546x10™3 (1:09) C(673) . o eii (AESSYSEE (1L00)4%

R
raymE



TABLE 8 continued

i= Spindle ‘hours Ioomhours Length'of Shift Epéfience Ediation

7. Twill weave 735:2074 1671072 710x107 593102 1014071
(.442x1073) (.742) (.285%10” ) (1.09) RESUR

v -3 -1 - -4 -3
8. Width -320x10 . .726x10 .000 1125107 532410
| (1.91x107% (2.15) (.000) (.626x107%) __ (.501)
9. Labor .861 301 .561 1.0 =657
(5.23) (1.78) (4.01) (321 (4 98)

10. Chinese cottm .505 -1.34 .231 ..1,07 -.219x10‘
(4.61) (1.51)- (.984) (4.6 . .(. 846)

1l. East Indian cotton .892 .361x1072 .149 1.25  .571x107t
(6.13) (1.856) (.611) (3,_;3_.9) e 298)

12. Arerican cottan .715 .517 .474 223, ._..;7,«(‘1&.;;;&E

(4.48) (3.29) (.251) (681 (L9

=99=
.“.".f’”‘ ' N



TABLE 8 continued

i= Spindle hours Loom hours Ieng&1of:3ﬁf§z ngmgama Education
13. Egyptianicotton .01 1.21 .840x102 - 59110 2 1.14
| | (3.36) (.936) (1.31) (1.41._): % (1.48)

" 1anao-) -2 = iz

14. Other cotton .529 .141x10™ .437x10 - 182:10 - -.849x107%
(.976) - (.394) (.219x10~ ) (.945) (.622)

The numbers in parentheses are t-statlstlcs. The elast1c1t1es“calcu1ated in’ both

Tables 3 and °4 are for mean varlables of: the varlable quantltles and flxed 1nputs only.
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Qualit

niﬁﬁ“sionuinhthe‘Su““l"'andJDenandﬁfotmworketsA

Stat””’ it of the Problem

In the West; historical treatments of . the rise of the fsctory
syotem have always stressed the attitudes, pressurea, and discontents :
‘of workets. Despite this historical 1nterest most: economdc analysis
‘of early Européan and American industtialization has stressed changes
‘ﬁotoiﬁ the supply but in the demaiid for labor; particularly techtio=
isgicdl developnents; capital accunulation and the: opeiitng of markets:
~Th1s hds been even more true for déveloplhg ecoooﬁlesa

Not surprisingly, the few systemstic international historical
«compatlsons of labor aupply which have been made have come up with
widely diverse conclusions. Horris. writing in the 1960'3. concludes
’expllcitly that labor supply was a iglack variable‘" and extends' this
assertion not only to India (1855-1914) bit to Creat Britain (1770-184(

=

'Ih ﬁo case. dld the shortage of skilled labor...inhibit the pace at
\”ﬁi h the industry would othetwise have expanded.y.l think 1t 1s)safe
s y that the supply of rawxunskilled labor was never an 1nh1b1ting
f tof 4 economic growth. il ‘By contrast .Gerschenkron Has miade the
‘Vinelasticity of the supply of such labor in the early stages of
development, regardless of differences in endowment and demographic

pteasures. a foundation stone in his understanding of the 1ndustrial

1Hottis D. Morris, "The Recruitment of an Industrial Labor Fbrce
'in Indin' with British and American Comparisons" Cogparattve Stdﬁiea

‘in Society and History 2 (April, 1960).
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developient of -the Varidus ‘dontinental ﬁuropean countrids. Lackin

R

thie itraits ‘of ‘stability; reliabiiify and disc1p11na.1e 13 argued that "the
unideremployed  peasants and urban’ poor of nineteenth century ce‘n’\(:ralnI
énd Bastern Eiirope did not neceesarily translate into a ready aUpply
of labor for the newly borrowed Western European factoty system.lﬁ .
Fot Japan; quite unlike the expéfience of Europe and the United
States; historically ineliied éconcitiéts and ecsnomic historians have
not neglected thie désciiptioci and eonénle analysis of the supply of
labor in éarly iAdistiialization. Two-sector Marxist school derived
wodels of Japanese ecofiomie dévelopmeiit were developed in the 20's
aiid 30's which arong othei conttibutions analyzed how changes in sgri-
ciltutal conditions aight afféct the terns of labor supply to the
industrial sectér: In the postwar period; Kazushi Ohkawa, building |
on gome of these earlief insiglits ;developed a highly 1nf1uentia1 ,
model which rationalized the coexistenice of Japanese unempluyment

vvvvv

of labor in agricultiite dnd marginal prodiictivity pricing in industrial

enployment.2
Ohkawa's view that Japan 8 indistfial sector fed on elaatic suppiiea

of labor from the traditional sector (a view compatible with Hbrris“‘
work cited eatlier) 1s explisdtiy coiitvasted with Gershenkion's

e ey sy

1A1exander Getrschenkron; Ecoriomic BackiiaFdness in Historical Per-

spective (Cambridge, Mass., 1962).

2This analysis is presented in Kazushi Ohkaua, Nogyo no keizai
bunseki (Tokyo, 1955), among other places. Ohkawa's model 1s 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

Surplus Economy: Theory and Policy, Richard D. Irwin, 1964.
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_historical finding that, for continental “r°Pebn“ndefemPloymentﬁofplaboz
gutsed  cenbrames pESYD

7is n%t synonymous with eJastic supplies of Jlabor. to. a;nascent*industrialj
R P A+ TH SRR

“sector. Rosovsky} supporting Ohkawa, finds that Japan, .unlike .Germany.h;.

J..A

*and Russia. could quickly convert its underemployed agricultural populati
*{i : 15 D R

into a disciplined and reliable industrial labor, force.

iThere is both direct and indirect evideqce thai
,,,,, % B G112 BERETANE

was capable of forming a disciplined and reliable, labor. force,

"
Ui BIGL

suitable for factory work, more easily, than many. backward .

{sl

countries of continental Europe. The,historical record,suc
"74‘ i . N L oh et n :

as it ie, <Dntains 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 in the early factory system:

«5?_,,

Sociologists te11 us, that Japanese society: 1s. very..

Dpor s Yo
"integrated" and therefore may present lesser disciplinary

probleme.‘ Others_have emphasiaed innovating. enter—

s DAY
prising &eadership.?combined with teamwork and. solidarity..
Tt Tt el
in group ,._orsaniﬁation . ';sufficient!? .to give ,order and momen
N TR PRI A S FUR R ETEE T A
tum'to the process of change. Contemplating factory.

employment, or more' specifically servicing a machine,:

fi]fA Heﬁrygkosovsky.‘ggpital Formation An"Japan. (Glencove, Ill.
‘ 1961) p. 1030, :



probably filled the early Japanese worker with a certain
BV TR BESTR T T S P U ST ¥ B B 41 TSR BV 975 S P ’.. ei B b el
amount of horror. But the transition was made softer

Lher T I I e i L N LT IR RPN SRR
and smoother by the concessions which the factory was

S i O
B So2 S YL T

willing to make to him. he was still treated as a typical

RS A

Japanese...Japanese economic development has taken place

-~

with much less change from the kinds of social organizatio

and social relations of pre-industrial or non—industrial
Japan than would be expected from the Western mode1 of
the growth of industrial society.1 | '
Rosovsky's writing on Japan's labor force in early industrializa-
tion remains an extreme statement of the view that 1) Japan had relatiwely
elastic supplies of labor suitable for factory work and 2) the ease“with”
which early Japanese industry obtained such labor may be attrihuted to
culturally distinctive circumstances. Subsequent Western writers have
emphasized the important Japanese scholarship and primary evidence-whid
Rosovsky overlooked in drawing his coiiclusions. Indeed the pendulum
has swung far in the other direction, with Saxonhouse now finding that
the early Japanese factory textile labor force was more unstable and
undisciplined than their historical counterparts elsewhere in Asia, in

i and

the Northern and Southern United States and in continenta] Europe, -
. § : ‘: .f §oaL r
certainly an encouraging finding as far as todays LDC's are concerned.

Sho

Lbia

I S

zln Gary R Saxonhouse "Country Girls and Communication Among

Competitors in the Japanese Cotton Spinning Industry" in Hugh Patric
(ed.), Japanese Industrialization and Its Social Consequence (Berkeley,
California, 1976) instability is indexed primarily by turnover experiences
Similar conclusions, however, can be drawn from examination of the rate
of absenteeism.



-12-

Moreover, this finding is not based on the culturally innerent unsulta-
R "}}”' sham may SwETigne vy mad el T B Fo 5 aunim

'bility of Japanese men and women for long-term textile factory work.

. 4 5y R [N o T WA R A RS TR i

’Rather, Japan 5 early industrialists got the kind of labor force they

Pan o man ; 1

-wanted. Resources do not appear to have been spent in unsuccessful
‘-":‘;,‘ } l.;,""‘:.'.: LR BRSO
efforts to do what could not b. done. What is most interesting for 4
X34 )x. SRR a of .
our purposes here is that profit maximization by textile industry

f‘:'(I i S . nE.

entrepreneurs and utility maximization by unskilled workers led to

‘\

an equilibrium which did not resemble a stable, permanent 1abor force.

Gerschenkron argued that underemployed labor notwithstanding, the

oLy

absence of the traits of reliability, stability and discipline in

‘{',, KRS ) L

workers recently emerged from peasant society would force newly

(4 N
IRty

developing economies to adopt larve-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 Quality WOIKEIS &nu The vemauu ius Quality in Jobs

ol oLty

How did the labor market operate in the textile industry. given

¢ g,

the.fact that wages were only marginally above agricultural opportunity
cost ;hduthat!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?
,;dnlinyestment?in?the'work%forceacouldgnot~be<easily=recouped. rrextiie-

f’workerstor'theirmpart?werentypieallyxinlno'position*to make such an



investment. With opportunitiesvthus constricted, low wages\and high

e '« P S PO .
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turnover persisted for decades as the industry norm
'\ da k0L ‘ SEI I {:.. . A S s
This discussion of the transience and instability of the Japanese
textile industry labor force ignores the paternalistic practices em~

ik r e o oy

phasized by Rosovsky in his account of the MEiji labor force. Over

rm

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

R T

whose indisciplineand instability was the accepted outcome of industry

i BN S

policies? It is easy to suggest that paternalism was adopted to mask

the use of very young workers in what were, by Japanese and Western

R tH

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

S ST s

and classrooms, as well as the other side of paternalism--the often
4

severe restrictions on mill worker activity during non-working hours.

What were the Japanese mill managers trying to accomplish with this

Uyl

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 toiwages. Pace R

.n.

.....

dormitory life. Wbrkers will be viewed asqhaving preferencea witl

f".‘\‘ { 'l\
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~5respect‘to'warying bundles of job characteristics. Such preferences.

”will be assumed to vary with the traits of these workers. €.g." age,

' Rt e tauhat et cn pebancl ond Bedalewes
v experience and education} The market equilibrium in early industriali-

e
o0 1

. AR s RS R B i
- zation resulting from the interaction of firm desires and capabilities

iU ;-:e;x‘ft“- " T B T A S R Foovid

with workers' preferences and opportunities needs to be studied more

7 ‘u*

systematically.

C. The Data Base

The‘early developmenc OL T vapanese Lestiie 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 enacteds 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.
1\: o b B
In an industry whose constituent firms had been reporting to Boren for
SES S IR v
more than eight years a remarkably detailed account of their outputs,

inputs and costs? it is perhaps not surprising that this committee was

e ;“ o

exceedingly successful in meeting its charge. Seventy—one thousand
G e et FAN :
workers in seventy-five mills were examined. A detailed report was

[ T

obtained {from each mill 1) on recruitment practices and payments,

: Elsewhere [in Gary R, Saxonhouse "Productivity Change and Labor
Absorption’ in Japanese 'Cotton’ Spinning 1891-1935" Quarterly Journal of

- Economics XCI (May 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.
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2) on mill workers classified by age, work experience and literacy,ﬂ
3) on number and length of rest periods during a working day';nd 63*
length of shifts and number of days between shift rotation.4) on the
"mill wage payment system:S) 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, o
their rules and provision of services restriction- and 7) on the rate !
of worker absenteeism and turnover. ‘ o
The-summary of this investigation oaints 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 vhere the
spinning mills were located. Already in the lBQOb, the familiar
pattern of Kansai (Osaka, Kobe and Kyoto) mills recruiting girls

from Southern Kyushu and.éhikoku, and Kanto (Tokyo area) mills reQ
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.vhole
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
almoat twelve hours long,with something in excess of three rest
periods, cumulating to one hour, interspersed throughout the day.

Half the mill labor force worked a day shift, typically beginning

SRS A BECRNSEE N

atisix.o! clock in the: morning, ‘and" half'worked an evening shift



EA

‘beginning at six o'clock in the evening. Shifts were normally rotated N

’ ’ ‘?ﬁn =y e ( ‘x s{ﬁ

‘at weekly intervals._

gu Lok owed

A large majority of the female workers lived in company-run dormi-

it Y A wri .‘,‘/1,- ) ~~. SEV SRS

~tories. Thvse dormitories, to some extent inspired by glowing reports
HESFRE FTE ey o

PR

of the early 19th century Lowell, Massachusetts experience, offered the

:workers many services and placed many restrictions on the workers off ‘

,-u-".“’-ﬁx‘w; i

‘the job activities.1 Permission to leave the mill compound was restricted.

HAagn oedd w7 T AU

Mi1l regulations varied--some mills allowing one or two hours outside

PERARE TN

the mill . each day, others none. In practice, these regulations were

el ;‘i Ve w0 5wt . i

more of a mill ideal than a pracfice. Infractions of mill discipline,

184

less than excellent attendance record and an otherwise poor work

W

record could lead to a suspension of the privilege.

“u by
[ SL AT

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, hile 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

[N
¢ :.3

of seventy-five percent of the labor force would become ill. And while

1On ‘the role of. foreign models, in the development. of the.spinning, .

,_industry s dormitory system see Gary R. Saxonhouse "A Tale of Japanese
 Technological ;Diffusion in the: Heiji Period" Journal . .of Economic»Histogx
XRXTV (March 1976) . :
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it is difficult to ascertain the quality of the health care.the aurvival

T EATO RS oY

rate of mi11 workers from sickness and accident ‘was excellent. The mille

. oo
gj; R et ReE

surveyed experienced no more than 4, 3 deaths per 1000 workera during 1897,
‘a lower nortality rate than the average of the age cohorte from which
they yere drawn.1

"it is.eoually difficult to ascertain the quality of the primary
education offered. It should be noted that among‘the thirty-eeven miiie
offering primary education there were, on the average, four instructora N
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 uas undoubtedly reduced by having the two~hour long
classes typically scheduled for workers coming off an eleven hour working
day.

The high 1abor turnouer characteristic of the cotton spinningllabor
force during the entire period was demonstrated in this 1897 survey. Over
forty‘percent of the newly recruited workers left the mills within thekv
first six months of their initial employment, i.e., the average uorhiex-
perience of the spinning industry labor force in 1897 was about eighteen
months. In addition, temporary absences ran high, i.e. the rate of

e
absenteeism among dormitory workers during the survey month waa 8 3 percent.

1There :was, of course, some _auto-selectivity.at work here, in terms
of the more fit more likely to.be ‘recruited.



‘:‘D.‘ The Conceptual Framework for the Analysis of Job and Worker Attributes

; i" 5 Fi5t ,ni e T <t l FRLEE ] ’.s-}" Lk
e &he t:%ditional theoretical treatment of job choice which goes back

.tjc‘ el {7 Gt HE iar b wHn by FE SV S

as far as Adam Smith ‘has stressed wage differentials as compensating for
YLl el SR 36 st ety 100 e :

differences in job attributes. Similarly. the historical treatment of
job choice in early industrialization has highlighted the importance of

working conditions and living environments in addition to wages in the

wrsedan wst & .

decision to accept and maintain a factory job. For‘all‘the-theoretical

u' R

insights and historical descriptions.there has been little systematic

PR teaqr

econometric analysis of the market for job characteristics, whether with

contemporary or historical data. In part, the 1ack of sufficiently rich
data sets hss 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
be more complex than in any other market where tied sales occur. Indeed,

the hedonic reconstruction of demand theory auggests that tied sales and

package deals of product characteristics are the rule and not the exception

3ty Ao

in virtually all market exchange. With this in mind and given the availa-

i Sy

bility of our unusually rich data set we endeavor , in what follows, to

" ERTA B
investigate workers preferences with respect to the place of employment.

st o L8 B3 e

The market which is being investigated here consists of firms on the
one side that, in the context of profit maximizatior, were seeking workers
of~varying quality and were offering wages and the opportunity to live

Onﬁthe 6ther ‘61de’; ‘workers 'of varying ‘tralts; 1n"the" course of attempting
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to maximize utility, were seeking higher wages;‘and béééér working
conditions and living enviromments. It is furthér‘aésnmed thﬁéwfier
decisions on the quality mix of workers hired and'gﬁe mii\gé,éﬁeniiigs
and disamenities were separable from other firm decisions. éimilarly.
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
() W (B) = FlOig Wo BipeesBly Ty vees ) 0 L=l aee,
E demand for labor job characteristics;
(2) W@ = GTONWB, seves BuTyy vns ToMy, ooy M) 4= 1, o,
£ supply of labor job characteristics;

where wi(a) is the price of the job characteristic B,

Wc is money wages availlable for off the job consumption
'wf is money fées available for off the job-consumpticn
Tj is the jth worker's attribute
M is the kth nonjob firm characteristic
The W's, B'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, 1f M > k + n + 1 the demand equations will be identified.
While data on the Bi‘, Wc, W, T:1 and Mi are potentially available
the absence cf explicit markets for individual job charadteristics ‘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:I.

might be computed indirectly from the derivative of the regression which



| ‘*?1'““53,?!9&?31-‘- .Thus, ve let wages, be;explained by,
3 W Tl Bys sees Zgs Tyseees Tys)
g%skﬁﬂggcgg)HT%-xa?(g)a
95%,

It should be- emphasized that eéstimation-of (3) without following
through with:the ‘estiniation of the ‘systeu ‘of 'supply and demand equations
°w:l.llfnot'f?'g‘iwie“*us'the':l.hfomation’-beiﬁg"wught here. ‘Wi(ﬂ) may be thought
of as.a function which traces out the transactions generated by the
intersection of buyers of Bi's compensated demand functions and sellers
of &

i
In the markets for job characteristics being spudied here workers clearly

's compensated supply functions, i.e. suppressing all other changes.

differ according to their traits and qualities, and firms clearly differ
according to their cost conditionms, if for no other reason than that
factor prices did diﬁfer.;egionally in Japan. Thus, ﬁi(ﬁ) is generated
by many different demand functions intersecting with many different
supply functions as determined by the distribution of buyers and sellers
in .the.1897 cross-section sample. The slope of ﬁi(a) in the ﬁi’ By
spggghga?npgjthp slqpe of. a demand curve nor the slope of a supply curve.
1f we wish to understand the determinants of the transactions prices for
each of the job characteristics rather thap;"s}mply” the implicit trans-

actioquptige,ipeelf,“demand and supply functions must be identified .and
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eatimated.l

E. The Estimation of the Impircaic.uc SHUUUW FLLCES; UL [JOU UNEraCEEr18T1CS"
In the estimation which follows it will be- assumed that-(3) is
semi-logarithmic.

InW . =%a.8 +%b.T. % FfoR. +W
n ch 8&1311 + zbjmj""'“zcléglé"" ﬂb

Where W;f = female wage rate
B, = payment to rectuitee
B, = length of working shift
B, = length of test periods diring shift

........

B, = incidenice of sickiess and injury at place of woik

By = mortality at place of work

§ =
Bg = livingwiﬁvaafﬁiiofy

B, = if dormitory occupant; nuiber of fiée louis pat day
Bé = food subsidy per dormito#y worker '
By £ compafiy: primary 8chool inst¥uctional persdinel

per worker

, Liven 1f labor were perfectly mobiie §; shoiild 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 requireds some discussion. First, it must be assumed
that workers cannot repackage jobs. In the present context this 1s 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
technology for designing or producing jobs is not linear. This is a common
but, of course, not universally made assumption for production functions.

For firther discussion of these issues see Rosen op. cit. and Lucas op. cit.
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‘Ii £ risk of recruit leaving within six: -onths.-

g age of worker

-‘;L:‘? 5 = relevant experience of worker -

£ rate of absenteeism

= worker literacy
. g i ke ey ek gt L ey, A

4‘1 agticulturel wage rate ﬁn 5”3 in Whicl lﬂnt 48 located
W

k o £ conet:ant term

i elg et el

z;';ne teeulte of eetimeting the wage expleining relat:loneh:lp ere presented
ln Table 9. By the deuel standatds of eeni.-logatthmic regreee:lone to
explain the vage » the resulta 1n '.’l'eble 9 ere noet :lntereetins For a
ﬁi'e-t}aﬂed test of e:lgnificauce with a .05 ctit:l.cel region £:lve explane-

tory variabj.es and the constant term.are eign:l.ficant with the expected

n’“

hgn ﬂhen the crix 'cal region is expanded to 10 percent another 6
expianatcry va:inblee become eign:l.f:l.cant.

3 ! gi’icultural Opportunitiee end Bonuses
P
In exam:l.ning some of the explanator.y var:lablee it will first be

44444

iiéﬂ ed that fot all the long-distance recruiting; opportun:ltiee in the
ic:ln:lty in which the mill wes located R1 have a eignif:l.cant relat:lonship

iﬁ'i\' iiiil wages. Evalnated at the mean po:lnt the elaeticity of fenele
i‘} wages to female agricultnral wages 1e 83 . ‘

£
X a4 .
,,,,, ~h -1

'l'he analysis here does fiot directly tell iis the character of thé

hpict of the recruitment bonus on the deciei_.on to enter the spinning
#ill. The sign of the coefficient on z2 does suggest, lowever; that g .

recruitment bonus was taken out of future wage payments. A sp:lnning

SUSIPNLINE

nill recruit receiving the industrv-w:lde averege wege and the 1ndustry-

wide recruitment bonus paid a total of thrae yen otit of '£uture wages

gl

for each hundred yen she initially rechived:
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2) Bhiftn and Reat Perioda

vnses in the aane wayethdtilongef rest’periods dufing ‘& iahiftiof any
givén length meant lower wages. That the absolute sigis of two coeffi-
éiéﬁfﬁ“ifé”iléé”ététiéﬁiééily itnsignificant from one another even s .
”they ‘afe both significéntly differeit from zero is reassuring.

The size of thie. coefficient siggests that typically the marginal
cbmpensafion for additional woik by mill haids was less than average
compeisation. fio hie derived deiand fof labor and worker preferences
bétiieen iéiéufe;éaa[vakaﬁigﬁt yield this result is left for future
analysis and the filler statistical identification of the appropriate
functions; |

3) ‘feaith and Safety

1 assessing the iﬁfaé& of health and safety conditiens in the i:

‘thie analysis hefe is haipered; as elsewhere, by difficult problems of
#iilticoilinearity;. Thé coefficient on sickiiess and injury 16 insignifi=
cantly different from zero with the wrong 8ign. On the other hand; the
coafficient on mortality is statistiecally different from ze¥o with tiie
‘pEoper éign. The magiitude 6f the coefficient of mortality suggests that
the typical female worker feceiving the average indistiy wage would pay
fsiéﬁéﬁhéﬁ iiofe than ¥ 2 over het pefied of employiient in otder to Feduce
the Fisk of ﬁ&iéaiiti by :001: A thousaid vobkers ia the same situatien

A B g

ifwohid coiiectiveiy pay ¥ 2000 in ofder to savé oné 1ifa.
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4)- Efnéi;ﬁitpry'?%t:éﬂditﬁpiibf3nd"’l’t‘ee Time i

iThe”vemaining‘job:éharacteristics “1n the wage ‘explaining regres=
sion>ate all‘atatistically ‘diffevent ‘'from zéroi’ Workers :I.mplicit:ly
paid: for: their 'dormitory accomnodations and ‘food.: Firms in:1897
impliéitly ' compensated workers for:ithe restrictitms placed on”thieir -
activities during ‘their leisutre.: ‘At the samé:time worketrs' implicitly:
paid tudtion for the:-existence and quality of schools within the' ' ‘'*.
dormitory compound: While restrictions on-leisure:démanded compensation:
the wotrker apparently was not indifferent as ‘to what she did whilé
confined within the mill éompound. |

Inserting safiple values for wages and firms with one-hundred
fumale workers the estimated coefficient on dotiitory living implies
that an éddifi@ﬁal worker living in the dormitory would pay an 1ﬁ5 e
Ppliedt reit equivalent to eight and one<half percent of actudl wagesi
Such a share for rent in total expenditiires 1is not -6ut of ldne with
the bidget data which are ifdependenitly available for ‘alimost -the
-Bame yeat.

‘The éﬁéffiéiéﬁf'éﬂithé hiours of free time for mdll workers 1iving
in doimitories, while significantly different from z2ero; 18 exceedingly-
gmall, The price of an extfa hour of free tiié outside the miil eems
pourid 15 less than 1 percent of ‘a day's wages for tiost wills: Thig
sonewhat surprising result may be éiﬁldiﬁéd'iﬁ*é’ﬁﬁmﬁef'éffﬁﬁyéa71F£f§€iﬁ
10 this one instance the data might be suspect. Saiple information on
niber of dﬂﬂv Jhours alioved outside the will éompound was, taken. by

L S ade oy Uer coglen T it Do mo gl anternan gy
Boten investigators from firm regulations ind not, as in the case of
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Ioot of the information. collected fron lctualﬁfirnﬁpraotice.;kAlterna—u,
tivaly,fauouningsthe .data, 1s.correct.w1t does;followathat;thentypicnl
workor.nlready alloyed two. hours;outside .did;not : value: .additional. free:

- don very highly. ~That the mill, for.its part.. should.. takewthiogattitude

: 10 still‘oomething,of a.puzzle, . Elsewhere it.has: been;shown:that:the’
;runaggy)rggghof;m4;1w:eo:qitqwgas;oo'high foggsorlongﬁthot;millagalmostsﬁ
éﬁft3101Y599“ldﬂh§Yerc“?ﬂthiﬂutﬁtﬁéh@? theygbeanhaouinclined-%nkThée ;
giglq&chogoﬁnogﬂgo,dggsoxbocousaﬁthey¢v1ewed$worketa' running:away:£from -
the mil;ingan{qcceptoblo means of .separation.. Notice,in.Table.9:that.

~ even the mills with relatively high rates.of.retention.of newly.recruited
- workers paid;sqch;oohoggo;of{rectuitegpvnohspecialypremium.,wThegmills,
in othetiwordo,iwere%poqginterosteﬁqin;1nvest1n3gevengthe;small;resources
neceaaary,togbuild;oiworkafqtce:composqd primarily of longer~term -
workers,  .The low hmplioitgg:icgIforglesseningrmill workers' opportunities
to run .away. dscertainly. congistent with this view.

The coefficient on food .subsidies for workers in the wage explaining
fegféssion implies thut typical workers implicitly “returned" approximatel
twenty-eight percent of this subsidy in the . form. of  lower wages. This is
puzsling. gince, if we assume.the possibility of . afhittage among ; Job.

o opportunities of varying.characteristicd.there. shouidfhavexbeenfa yen.for
o‘yeﬁ‘substitution:between-vagee“and;food,auhsidies._ Given, however, the.

Qot that packages of job characteristics. could not really be- untied the:

1see Saioﬁhouéei’“éountty G4¥1s drd Commiuniedtion Anong’ Competitofd
1ﬁ thé Japanese cottoo Spihﬁiﬁg Iﬂdustty“ ops_ ci '

B SN KLIVRE] !



reaulta ‘here arée plausible.” ﬂorkera "1ived" in a'miil’ dormitory compodnd“
%&th restricted ‘abcess "to"the ‘outeide and' ‘Pirma had to provide meala

The inability to ‘cater to ‘individual’ tastes and to' problema inherent in
the mass preparation of food nay have caused vorkérs "to place a low value
on what the firm waa providing fo matter how efficiently the ‘firm might
hawe‘been performing " this function.

It will be noticed that the coefficient on literacy in the wage’
explaining regreseion is insignificantly different ‘f¥om ‘zero. NoLwithstand-
ing that firms do not pay 1iterate ‘workers a premium, workers did implicitly
pay firms for the quantity and quality of 'education offered. For example,
vhen thi’iidlls doubled the mimber of instructors per’students or halved
the ¢lass sizé, workers implicitly paid five and one-half ‘percent of the’
money wages' they would have otherwise received in return for this opportinity.
Such dmplicit paytients are all the more surprising since, ‘as 'was ‘pointed’
out, these classes were attended after the conclusion of & twelve-hour
day or night shift. The importance of the echievement'ofzlitéracy“aeba“ﬁ
consumption good seems to be underlined.

5. Worker Traits
ra ‘gnile’the Japanese cotton apinning mills of 1897 apperently paid no
premium to workers for their 1ite"acy ‘of for their initial diainclination to

run away, the other traits in the wage explaining equation-are- atetiatically

B o ki
ey syroasanael ond nk

,:gd#f erent-ﬁrom,§¢?°- The coefficient on the rate of abaenteeism is. however,

O S A TRt
B

lAlao. perhapa, because the mill’ was buying in bulk.conceivably the
worker might have implicitly paid out: mare ‘than it vas costing the. firm to
provide the subaidized food. =
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sifficiently emall that it sppesrs the typical mill provided little,
umcowenmm for mkers vith good attendance, This, is interesting
sace already n, 1897 quits & few mills vere,reporting programs of
. bonuses for workers with perfect attendance records, Stnce there is
evidence that such programs did not have a F??!?r-Berieﬁ_?;,&mpes?l-s. i
v' ‘lhb,t'xl'c-l.n;)t:‘be too surprising to find that their cross-sectional impact
was algo quite lnited. ..
sgni-16,workers did not receive a substantial speclal premlum for.good
;attendance, age and increased experience appear to have brought signi~
'gg,ggnt_:‘\rewards. . Whilglqp;g]\,t‘;ivqoq:'linqu:lit;j:;1038 any effort at precisely .
'dig‘;i;ngqiqhing 1ﬁhq separate impact of Ancreased age from increased
experience {ink;tfhifs:.,,‘gamp_l‘e,v they are each significantly different from
. xero, ﬁthin a 10 percent critical region. Taken Jointly a small critical
rggi,gxpf\vv‘:ll:‘_l.‘haqg:f:gqg to reject t;hg nt;l; hypothesis. A tygnﬁ:y year old
worl(;ggi;;wi)gl} a year and .‘,c:)tpe.rhalf[s ‘experience in a firm of some two

hundred, workers might expect a 5 percent increase in wages should she

'wori one additional year.2

ot (g e norese TR a e o g L -
# ‘“See Saxonhouse, "Country Girls and Communication Among Competitors
~in the Japanese Cotton Spinning Industry" op. cit. .

T s . Saxonhouse, "Country Girls and Communication 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. o
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F. The Eatimation of the Utility Function of Workers With Varying Traits -

Having briefly summarized what the estimation of (3) can tell us

sbout the implicit market prices for job characteristics and the in-

14/; “

stitutions of'mill paternalism, an effort will now be made to look at

o,

the determinants of these market prices. Market price is determined

i.-‘ )

by the interaction of supply and demand. It should be the intention

+ -
et ) 1o

here to estimate both these functions. Unfortunately. as can be seeu
from equations (1) and (2), while it is pdssible 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) WOrker;.
traits are assumed to affect both supply and demand functions. Thus,
in whst'follows only individual worker demand functions for jobichar-h
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 regardina
what workers valued in the early period of Japan 8 industrializationfdn

With ten job'characteristics and five worker traits, the‘estimation
of a: system ‘of démahd Functions which will serve the purposes of the
apalvsis here is more complex. It is desirable to allow interactiona
among the,demanaswror'iohlcharacteristics:» Atqthevsameftime,awithiso

manv variables. unless: considerable.structure is imposed:on-the:problem: &
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'there 1s 1ittle hove of ‘feasible estimation. Thus, on the one hand, 1
will be assumed that workers had transcendental LOgariTAmM1C UCLLllTy

functions, a functional form which offers very rich possibilities for

s S ias mon (DY Yoo et baa wely Teadvr b byl teedore

~intersction between various job characteristics.1 and from which a
coaddy Snnowntinkle e Sy menss vadia GEL hte sy oy 3
system of demand equations can be derived. On the other hand, it will
du Acol or oher o ARt
‘be’ assumed that the utility function here is a utility tree with four
;)-t:«;.i‘«'i:‘i‘;' 50w L) Yy vty

brant:hes.2 The worker, it is hypothesized » makes a decision on how ‘to
S TAR R SER R th SERTRE VS R Aot

Aty 2 t.:

allocate her Beckerian income among four large categories of off-
2090 '.:Yfi' BE S i red oy
and on-the-job expenditures.3 After the decision to allocate among

PO )¢ ,!{ IEENE S

these four categories, a decision is made on within category expendi-

Wy ¢ SRR Rt

tures. The four categories include

,‘ /»,{ Lo
W= Orf the Job Consumption4 ,

w - Off the job consumption equas Lo muuey wages

i

W = <nnsumptlon out of bonuses paild at time of recruitment

4 - -
in :" D

1A description of a transcendental logarithmic utility function is
given in W. E. Diewert, "Applicaticms, of Quality Theory" in Fromtiers
of Quantitative ‘Economics Vol. II, ed. by Michael D. Intriligator and
David Kendrick (Amsterdam: North-Holland, 1974). . .

ﬁﬁﬂzThe utility tree approach is deseribed in R.” A. Strotz. ' MThe :

Empirical Implications of a Utility Tree," Econometrica XXV (April
'1957): and R.' H. Strotz, "The Utility Tree-~A:Correction and Further
Appraisal," Econometrica XXVII (July, 1959)

3Beckerian income is defined as the sum of money wages plus the
maximum wages which might be’ received by the worker. On this concept
see Gary, Becker, "A Theory of the Allocation of Time" Economic Journal
LXXV (September,’ 1965) o

4Theae 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. In
a two: attribute world &, and B p can only.be substitutes. This is -
beyond the realm of plausibility. In any event, since it is not possible.
to get statistically significant estimates of wb » it will be assumed
that 8 (82 ’ B ) - 82b ‘28 L



31 = Pace of Work
zla Z length of rest periods
zlb ES 1ength of working shifts

&, = Health Care

Byg = incidence of sickness and injury

] incidence of mortality

2b
83 £ Availability and Quality of Dormitory Experience
83a =2 X of workers living in dormitories ‘

E3b Z numbers of honrs of time outside mill compound per day

food subsidy per dormitory worker x % of workers livirdg ™
in dormitories

335

z3d'E instructional personnel for company school per worker

?brmally the aoove system can be expressed as foliows:‘
@) InT=1n T, Wes 810 By Bpp0 By Bygs By By Bygs T)
= In UMW, We), B (8, B0, 8,(3,., By)» B8y, Sy Bacr B T)]
where, as before, T is the traits vector. |
Assume now that the worker is maximizing her instantoneone utiLitxén”
subject to the constraint that |

) W- £ .8 =0
FES L

within the'larée buaget allocation.™ The first order conditions for the

1'rhe analytics of utility maximization and the derivation of the _
system of:demand-equations will be done for the tree and its four branthes
The analytics of the within branch utility maximization, of course, are
identical.



’f;"nximization of. utility can be written as follows:

(6) U, w8

‘ “ln W LU
e
aln U i i : <
L LLTE S | g = :

where u is the marginal utility of income. From the budget constraint

7) : pgll R S
‘.()‘5"’( 13 )(3 ;"‘2 g}_ng) sothat
WHI wE T jmpdln B
Tt i=1

(8
AT R TN

n U
3
W g+ wBy
fi-l 1

The form of the relationship used to approximate the negative logarithm

of the utility function is given by

3 Sy

[9) ~ln U = on + °'w1n w + f.nla'zi In 3, + i IBWBZi 1n W 1n. zi

+8 E Bi . In'd “In 3§ -
- i=1j=l ziaj 1 i

“f*‘. oW

+ 2: : ng In W 1n Tj ,.+ ;1:=1§=1351 T_-] In Zi In TJ

N N0 3 L L T TS R e A I S L A S S :
Using this form with (8) the following can be obtained

(10) oy + By, In B, + LB, In W [0y, + ZByy + BB 1n Ty A
10 oy Wy, i W, Ty= VF g, W e, m'k k

t

in 2, + IB; in T,.)
37 Pagry 1 Tk

Lo, - + By 1n W B
s ¥ By 20 Y Pp
+B Iny, + I8 In 6, + 5B ‘In T, -
81 Wﬁi | :] 8181 3 BiTk | k

43 &a + s 1nw+ 18y 5 10 8 4 B8, . A0 T

(i & 1, 2. 3)



Rearranging
+ L]
W+ zw z “W ZB ‘ ln zi ,~zBWTk In Tk + ?5981<+w“waiu4“~“'
‘+%8, . In® +LB mT)]
: zizj j ﬁiTk k
a, + B In W+ E8 InZ, + IB ntT,.
Wiﬂi } i wzi 8131 3 ziTk k
W+ Zgigi [aw + zawzj in-zi + ZBWT In Tk + Z(az +-sz In W +'zB8 2 In zj
k- . 3 3 J'm.
+ ZBz Tk 1n Tk)]
(i_= 1, 2, 3)

The budget share equations in (11) constitute the first level of the
. system of demand ¥which will be estimated. Of the four equations, bBecéause
of the budget constraint,_only three are independent. In the empirical
work to be reported it i; 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 btidget cOhstféiﬁtai
The estimation of the within branch share equations will proceed
andlogously with the fiFst level of estimation. W(W, .wf»),. ‘21.('81&; ’giis‘)“"
8, (22 at B5 b)’ and 2, (23 s Bays Bqos B54) will be separately approxiiated
by a tianscendental logarithinic form andlogous to (7) and. separate blocé;'
of biidset share equations a‘na',iég‘m to (10) will bge deuveda »

— te———

1'l‘he ‘budget share equations- (11) are tiomogerieotis of degrde zéfo 1h" '
the patrameters § hience a nofialization of the paraméteré is réqﬁ{féd fﬁr st
estimation: =The following normalization is adopted tai = 1.
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1. Retimation of Off-the-Job Consumption Branch’

The 'esults 1n Table 10provide the s&ﬂﬂﬂﬂ part of the system which
generétes the mstket data o6n the relationshiplbetween recrﬁitment Bonuses
and wages reviewed earlier. Female workers viewed recruitment bonuses
and wdges as substitutes. A highet recruitment bonus today was a sib=
stitute for higher“Vages;throughout the worker's psriod of employment:

Using the parametets of the demand subsystem & fimber of elastiel=
ties hive also been calculated: The "expenditiite" elasticities (really
receipt elpsticities) suggest that as vorkers receive miore in wages and
recruitnent bonuses, the latter becoie relatively less preferfed: This
is cntirvely consistent with the expected rélatici betieen Fesoutces and

time prefetence

A

56 estimate the iifiknoin patametérs of the bianch budget shaie
quations and the grand budget share equations the iterative Zellner
'stimated procedurve is used. This procedure is described in A. Zellner;
An Efficient Mehod of Estimating Seemingly Unrelated Regressions and
‘ests for Aggregation Bias" Journal of the American Statistical Associa-
:don LVII (June 1962) and A. Zellner, "Estimators for Seemingly Unrelated
fegression Equations: Some Exact Finite Sample Results" Journal of the
imerican Statistical Association LVIII (December, 1963). The nonlinear
wstimation routine used in these procedures employs a combination of
vauss-Newton and the method of + steepest ascent.
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’z.i Estimation of the Pace of Work Branch

j The retulfl of Table 1lmake clear that the hypothesis that mid-
H‘iji textile workers viewed rest periods during a shift and length
6! the shift itself as substitutes provides a plausible framework for
cltimation, A one percent increase in the implicit price of either a
change in the tétal length of the rest period or a change in the length
of a shift led té a better than two rercent increase in implicit
"expenditureé"‘onythe other job characteristic. Also, as a feméle.
‘worker had more resources to allocate to the improvement of the qnélityv
of her job, the estimated expenditure elasticities taken from th |
fitted utility function indicate that shortening the work ahifé;was
:given priority over increased rest periods. Thia accords well with '
‘the historical experience of other spinning companies after 189z“§59§3ﬁ{
 itﬂwou1d be hq:§ to argue that the shortening which did occur wgé- -

 1q:ge1y‘a‘reau1t of changing market phenomena.lv

_‘lkhther.“the step-wide reducticz of shiftc from eleven to eight
‘and one-half hours resulted at least in large part from the persistent
pressure of the International Labor Organization.
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3 Aveilsbility and Quality of Off-the-Job Compound Experience

| It is instructive to review the estimates for off-the~job but within
the mill eompound attributes of jobs presented 'in Table 12 1in 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 findings, together with th
f

'observed low implicit: price of unsupervised time. : Eirms apparently

'just did not csre that much about sec ity
;time .and workerpeducation should have relatively high elasticities

'of expenditure and \that shelter and”food should have low:el: ticitiesﬁf
:'of expenditure is, entirely consistent with most demand and budget studies.:_l.’:
Stereotypes of the susceptibility of young Japanese female workers to
psternal:l.stic blandishments aside, the same independence which resulted
in high runaway rates also resulted in a high preference for free 'ime

U."' :

outside the mill compound over. organized "leisure time" activities

nrovided by management. .

10£ .course, the categories used here are rougher; or at leastiquite.

different from what is normally found in demand and: ‘budget studies. The
expenditure elasticity of demand for food subsidies is not the same as
expenditure elasticity for 5ood. This does not, however, alter ‘the’ con-
clusion drawn.
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Table 12 ~ continued
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“Table 12~ continied”
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It is also most reasonsble that dormitory services should be com
'plementary with free time outside the mill and food subsidies. A sub-
stantial number of female workers bought no dormitory services and hence
_had little desire to implicitly purchase unsupervised leisure time and

diminished if not negligible desire to gain company subsidized food.

 While it is difficult to rat}onalize market prices explicit,.implicit

mor an ,better quality pr _f

18“1"' G"V"“ that: thi expenditure elasticity of demand f 3

e ucatio 1ssnear unify'and that education s own price elasticity of
e ‘

demandxis'evidently very high;“téis hard to understand why the,impficit

3§1ca. £edu 'tion was g0 high for many workers.

G.,hThe‘Choice Among Off-the-Job Goods,?ace .0L: WOTK,;' HeaLtn ana. Dormitorv

Qon these fouruattribufesgcondit °“¢”un“»:ji‘r

;:sble 13;
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‘Table 13-
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 Parameter

1e104-

‘Estimate

’,1423 '
€1006)

e
+.0527.
( 0040)

.0096
( 0044)

L0041
(.0158)

: '.61.14-“,;
( 0059)

~.0186"
( 0047)

.0304
( 0121)

;:-0174
(C 0053)

‘,.ooss
‘( 0150)

¢( 01465

”.0241“
;( ozoz)

i~-0081‘
(.0069)

~.0910;
~( 0229)

f( 0304)
ST
.0380°,
(1.0492).
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T Estimater

,' L s «"' »v“";\,';;‘,; 5 ,',‘,,;{‘,',(,'. '\-...‘,,‘ e Aegpiae e -.»..»:‘.:n..m.t: 5»’-‘m 1‘«»*‘ Sreare ool
“Parameter. =
LAY SOLD

T e 019857
“Cous)
40776
- (.0749)
1;5.069§?f:

2 ‘ ‘v'u".‘\'f ' A:{;:‘»' ' “" PR £

lEgtiﬁgéga”Egppndithfe Eiésticit&ﬁéf'ﬁeﬁand

TR 84

1.3
1,47

]1}12W3

11.809..
£3.302
42,851
1.919 -

i
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12,374

3.455
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The expenditure elasticities of denand calculated from the estimated

e

o : ‘1
ﬁthe isk oflmortality. and improving on-the-job conditions, and to a lessex

Bl

aexten on improving dormitory life.‘ Evidence from this cross-section also

jdoes well as an indicator of secular trend" Real wages have risen since'

chhased more safety‘and improved'on-the-job conditions.~ And while:improvew
fment in the quality of dormitory life did occur before World War lI thi ;.
{fgreat changes co ’arable to what happened in safety and shifts were only;L
-Gto come in the late 19508.»‘

Too much should not be made of the poor workers strong preferencer>
e ‘:,Y r

5ffor money wages.. The results in Table 130n elasticities of substitution'
,iand price elaaticities of demand are such that even at a low 1eve1 of
éBeckerian income workers will be most sensitive to new opportunitiesﬂto;
f*inexpensively reduce the risk of mortality, slow the pace of work and¢

fimprove;‘ormitory 1ife.i;'5

1h; ‘Traits and PreferencesJ

ULI\:LU Wl-&ll,i :

In'order OjLnderstand How prererences may. very. s

gtraits ar‘épresented in Table?l4;
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“Table:14-; continued:
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- The impact of traits on prefrrences is understandably most ‘complex.
Hbrkera with relafively low Beckerian income and a high propensity to.
:run away exhibit a greater preference frc money wages than their more
otable counterparts. The same. result carries over to workers exhibiting"
a high rate of absenteeism. The unstable poor worker cared relativelyﬁ '
little for the mill environment. By contrast, older, more experienced
workers. even when poor, showed relatively more interest in shortening!
the workday and improving the dormitory environment.E Interesting

enough, this;concern with the nonwage aspects of the job doea not extend;

to lowering'th riek of mortality.; Older more experienee“ workers.when}{
R : " PN S i : ’ K §

poor aeemed lees“inclined to pay for safety than other workers‘whjw

aumably the more experienced~workers‘placedimorexreI‘an' ,on themse esi

and leee on the mill environmentAinbtrying to avoid risk.- Similarly,

older workersé7closer’to retirement 'r natural death might be”viewed

as having 1ese‘ o;losegin human'capital*than their younger counterparts

The findings on the substitutio' an”'pricehelaeticities are

than other workers.:gh;:}v_“ 8 1 ) 28 in. _
Beckerian 1ncome will be ‘relatively insensitive to changee‘in;implicit
pricea.

.-' Again. for older and more experienced and stable workers the ‘opposite.
is generally true. FPor these workers most Job characteristice are

relatively good eubstitutes for each other andi exnenditure eharee are

relatively aensitive to price changes,‘
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I. The Market for Workers: Summary and Conclusions

Changes An the quality, morale and organization of ‘the labor £orce
in Japan 8 early textile industry appear to be responsible for the bulk
~o£ the inprovement 4n, total factor productivity during this period. _‘é@
‘better educated, more experienced labor force,.working shorter hours.
transformed an industry which. could not compete vith even. Indian .yarns,
in its home market. into. the major. force in; world textile markets.,uybst;
‘of these changes dn, the quality, morale and organization of the labor ;
}force were; exogenously determined. WThe incidence of, exposure to. govern— ’

'ment-sponsored&primary education changed dramatically during the latter

half of &he Meijivleriod@ Shifts were shortened mainly in response to

international"pressure ;iand worker experience increased not because

..iinrecruits on, average t'led lonser but‘because the 1ndustry matured

5\1 M

ivJapanese textil’ industrylcontinued for fifty years,to have a transient_

hdustry 5 elaborate

[HES 3

ries’using many more -men, and much more experienced labor. If this

-in terms

G 1‘2‘\.“}’

5practices? The answer to. this question is,, really two-fold, 15?'

: Saxonhouse,‘"Productivity Change “and Labor Absorption dne Japanesetc
,Cotton Spinning 1891-1935." Quarterly Journal of Economics, op-citow‘ '



http:recruitsoni.av

afiret, of - what paternalism meant to labor recruitment, and second. in

'terma‘of ‘Fow' the practice “of paternalism related to the choice of'techniquegi
by the induatry. " We ‘have begun here to address the first of - these two
ioaues. The attempt is made within the broader setting of trying" to

understand the overall structure of worker preferences and job- choice.

the lese a worker & attachment to‘his job the atronger his preference foriq

pecuniary benefita. Such.workera viewed nonpecuniary amenity as relatiVely

poor aubatituteslfor money.t.By contrast,aolder and more: experienced worker



b
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aeemed to’ place a relatively higher;priority on nonpecuniary benefite

elative pricea‘in deciding between pecuniary

and<nonpecunliarv>benefitgi’

‘The? adsociat1on ‘between 'the fralta of ‘arabi14+% and nocf flva waasidAn

[ TR

to the mill*and*the"job environment suggest further manipulatinn of theae

"\ ‘)‘ ¢ ’Jf'

variablea_might be one way to obtain the more stable work force which was

absent from”the’Japanese textile industry in'this period. Given the

’packag vofwﬂobacharacteristics offered, the industry acquired a work

force which’cared primarily for money wages and had little attachment

to. the job they were performing.i*More significant is the fact that the

recruitment ‘of such’ workers was -apparently in the firms'‘Interest,”
i.ev.consistent’with' profit maximization aiong Lapor intensive production

functionsi:
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Ve ouuu_r_'x and Conclusions
This paper tackles the question of technology choice in.the Japanese

cotton textile industry historically from two rather unconventional pointsy
_of view. One. it is unconventional in going beyond the, customary factor
price distortion _story. in trying to explain the, choices made over time in‘

the l9th century Japaneee cotton textilesindustry. with the help,pf{thek

contrasting experience of ita Indian counterpart., It ie,:nconventionalt

moreover, in another sense, i e. in pursuingithe appropriate goods or
fquslity variation avenue initiated by'Lancaster but via the;uae‘of»Jﬁ,

1basically conventional. i e. profit maximization cum: production function

;derived, methodology

¥ inforcing conclusions

ﬂ,Both approaches yield cumulative andTr!w a1l

.helpful for our understanding of the technology choice and technology»

[ hange processaat the private entrepreneurial level, and to the evolution -
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S R S weera TR

ction and relativewf ctor price distortion;than they did. with,,

the relative strength of ¢

"‘t§ B! '1

"

}U

or;rings“(later) has "o d ;responseg

\.1‘ ]

0. with_such relatively "conventional

less conventional notion of exploring the-trade-offs among various atLLLUULcu

' -: fa,km 1‘.‘;’ LAY

lof thelproduct in terms of the response of changes in. labor absorptiono

rates on the primary factor input side and of market, demand changes

on the output side. A second important dimension of the latter isg

J

without associated changes in product quality.“ The EWo., applications
L #E : ' :

‘L i L

choice decisionsbe rendered more, efficient, in terms of the aVOinanLu.

.. _'_. ':)4

'of irrelevant or even undesirable dimensions, but the more efficient»use

ﬁo";

5of the’economy!s'primary factor endowment promoted. é

1.

In‘shortm e,

'found»convincing~evidence that the so-called Eckaus'straitjacketzg

with respect{to factor proportions in‘a labor‘surplus?°ontext,whiph

£ L5 .


http:response.of

&hsd been*losing ‘1ts credibility in’ recent years.rrum tne: BLLLct existence

{of alternative technologies ‘for a strictly defined given product:po.n

“of view,is further' weakened 1n’ at ‘least two respects{ one,f'if\fﬁ

the additional evidence presented on the important role of technologica]

substitutability among production technologies in both the important
cotton'spinniné“and°veaving“industriesEand'second;‘in-terms%of”thejw1de

range of- additional technological choices which become relevant once

the implausible veil over' the perfectly standardized intermediate input

snd output quality mix is lifted

With respect to the closely related dimension or tecnnology change

:ur results indicate the.imp ‘tant linked nature of such dynamicﬂinno-

i qu

wations%as the judicious mixing of various cotton staples on widening

.'V

’:*l'm RTH

':'? ”vthe Batten and'Jacquard-related

Finally, this atudy tries to shed some ‘new light on LDC labor
msrketsby examining the' paternalistic structure of nineteenth century L
Japanese experience from the point of view of individual worker

characteristics and’ preferences as well as its effects on firm ’
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spective of firm management.

There are a considerable,number of policy conclusions to: be drawn

from this foray into economic history combined with econometric analysis.

‘Fbr one, the attention of LDC»policy~makersshou1drbe*turned increasingly“

to the potential -of . hitherto neglected appropriate goods--not only_wsla'ﬂ
way of satisfying internal. markets”demandsxmore éfficiently in terms

'of the avoidance of attribute overspecification but also invterms of

the additional mopping up”of surplus:labor made possible infthis fashion.}
‘Pan:of the challenge lies «dn, information gathering’and dissemination

kgiven

-with respect,to bothwoutput and’technology options,(even,withid»

findustry “In Japan this task Was- performed by,theutrade*aslociation

which, combined with relativelysnon-restrictive credit markets andﬂfree'

entry, led to(;‘remarkable(ratesuof!diffusion.« The historical’base

ofeindia is, of course, much closer to the contemporary LDC situationA

"rketeliberalizatior

nyhel actionsmindicated in'th:idirection‘of' redi’

;ihﬂxdemand side,,the evidenceépoints to’anéimportant direct role‘

for the public sector on'the?supplylside.,namelyuthat«of making’ producers


http:points-.to
http:specti..of
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as.well as consumes aware of existin'g:appropriate g"o‘o'd ‘options. Whiie
some comodity attributes ‘come in fixed bundles. many others are sub=
stitutable for each other; just the: information on what is feasible in .
terms of. alternative counts,. weft-warp-weight combinations and their”‘ ”B
relation -to:the warmth : or strength dimensions of the final product may be
o£ great value.f We are not speakingsof ‘the= diaeeminationof a simple-
minded catalogue of all the technological and- attribute alternativee

on some sort of theoretical"world shelf." Mich' more modestly, information

'on the variability in relative rprices accompanying ’variability in com
mgdityl characteristics:‘in:existence even within different regions of

the !aam country.and‘ certainly‘ within the vrural sector of countries

in the same region. could be rvery yvaluable’.‘ ‘Ideally such information

should be combined awith a" flexible ’and’ mobile rural’ appropriate goods

techuicalfassistance capacity ;-to ‘help entrepreneurs break a’ particular

informat;l,onal or input bottleneck.“ ?Workshop and ‘repairshop capacities

are required along with =the information adjustment and dissem..nation

capacity.w A systems ability; to\ahifi:s to a\more participatory develop

ment path by fully. deploying itu humanxresources ;go‘ Batisfy b‘ ic:‘_"
conaumption requirements could be substantiallya enhanced by such"'

jactiona o
ioet developing countries have &some"beginninga at least of a science
lnd technologyv research network. X As is well’known, however, most such

institutions fare\zgenerally only beginning to interest themselves inA

e

the area of ‘appropriatness of goods and/or technologies especially

in thexrural areas. Bstablishing @ ‘niew. autonomous”*institution_here ":and

there,oriented to thiaépurposewhile 'leavinn*‘sthe‘f bulk'.of meaaer



public sector R'&‘D funds to be expended on’ the ususl array of "big“

science and "breakthrough" technology projects ‘18 not enough. A’
decision has to‘be ‘made - that the capacity to spread information and’
assist in identifying opportunities in ‘this area must be’ just as

decentralized as the system 8 decisions ‘o’ conventional public overheac

more equitable access to credit and the other criticsl inputu.,
Relativ goods'prices can reflect ghe existence of trade—offs mnonﬁ‘f’ffM

competitive atttributes facing consumers only when producers can

-resoond toﬁthe*underlying alternative ‘coBtH reducing ‘factor combi.nat:l.orxb‘l
Our findings also tend to support the importance of domestic p

adap ations relative to the technology imports. :Foreign supplieta‘

advic;ﬁon'major technology choices has relatively little impact'

'what matters more is the extent of competitiveness in the recipientt

:industrial environment which sffects not only their borrowing choic«

“aptive technological capacity., Placing too much

v

productivity is: the ability: to”organize

Llarze*numbersfofrrelativelynunskilled;workersfalongﬁprowuct%onﬁ
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functions, vhich, ensure.h
N ',«' % ";‘; Cate ‘f,;,l-f,JvJ‘ Wik ‘A

capitalp&producttvitykby nainta1n1n35

enphasis on simple rspetitiveﬁtasks requtring‘a‘ ‘dexterity which

can be 1earned in a very short while. The msintenanc‘ ’ low wages\

'snd the rapid accrual of 1earning by doing. clearly moreﬂthanfoutweighedw
the possible advantages of. formal within—plantqeducationuand lower turn-
'over rates. Moreover, the evidence indicates*that, especially(

zyounger workers, respond better to pecuniary xrather thanhthe equivalent

\ ._-'

' qg-pecuniary or paternalistic benefits. 3As long as lsbor surplus

: 14;‘50: ; des.:,l,r.e.d .


http:oprodutlyity.bY

