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Abstract

Human tasks are often multidimensional. Holmstrom and idiig (1991) concluded
that “high-powered” incentives cannot work unless all disiens of these tasks are observ-
able in the firm. However, as this study shows, if the firm caseobe the price vector of its
products in the market, distinguish each dimension of tieeprector, and connect the in-
formation with signals from workers in the firm, then the u$enaltitask “high-powered”
incentives becomes feasible. Product differentiatiotnwimmitted quality satisfies those
conditions, which has been practiced by Japanese, but néeliern, manufacturing for a
century.
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|. Introduction: hedonic prices and effort vectors

A. “Low-powered” incentives in Western manufacturing and theory

Stock prices are often thought to be good signals of exessitperformance, given that profits
are their “products.” Then, the price of products could &nty be used as a signal to evalu-
ate the performance of workers. This paper analyzes congitinder which “high-powered”
incentives' connected with information about the product price, coddfficient.

Most tasks are multidimensional especially where multghtaensions of product quality
are critical. In that case it could be beneficial to contrévant dimensions of workers’ task to
keep the optimal quality vector.

However, a common style of business in American manufagjunas been the mass pro-
duction of goods by unskilled workers. At this extreme, tlemdfit from multidimensional
incentives is relatively small because the premium derfvach better quality is small. On the
other hand, Europe has a tradition of manufacturing luxuryds by skilled workers. In this
case, a multidimensional incentive becomes less managbabuse it is harder to evaluate the
artistically high quality in separate and standardizeohgerAt both extremes, multidimensional
incentives for workers do not seem to work well. Productibstandardized or luxury goods
with “low-powered” incentives for workers is an equilibnuin Western manufacturing.

This fits the argument forwarded by Ronald Coase and eladmbiat Oliver Williamson.
Coase thought a firm replaces the price mechanism with a @thooordination of inputs to
avoid the cost of pricing.Here a firm is supposed to be intrinsically reluctant to pimuts,
or equivalently, provide incentives. Williamson preseiit@s idea using a clear concept: “low-
powered” incentives are generally used in the firm while Fagpwered” incentives, which
explicitly price inputs, exist in the markétThey believed the main role of modern firms lies
in minimizing transaction costs rather than providing moees with workers, and this views
coincided with practices in the Western manufacturing anl#st century.

B. Linking “hedonic prices” with incentives

However, as mentioned by Alchian and Demsetz (1972) and rR(@88), the centralized
pricing of tasks through a better-organized flow of inforim@atwithin the firm could be more
efficient than decentralized pricing in the market, if ité®tcostly to observe the market price
of each task because of jointed production, although theatsgelated to the performance of
each task are observable in the firm. This in-house priciaj tbmposes the internal labor
market can be used for career concerns as long-term evalyatimbined with “low-powered”
incentives for short-term evaluation, as shown in WillimmsWachter and Harris (1975), and
formalized as the “career concerns” model by Holmstrom @) @hd Dewatripont, Jewitt and

“High powered” incentives reflect a payment explicitly bésa observed performance and “low-powered”
on a payment based on the opportunity cost of labor. Henceve-fbwered” incentive can be interpreted as a
compensation scheme that only satisfies the participatiostcaint. Williamson (1985), pp. 131-162.

2Coase (1937), p .391.

Swilliamson (1985), pp. 131-162.



Tirole (1999). But in theory the centralized pricing of tastould also work for short-term
evaluation,.e., provide “high-powered” incentives. If a firm can infer inngt relative prices
of each dimension of tasks evaluated in the market, thenrthecAn adjust its “high-powered”
incentive as an in-house pricing to maximize its profit. @bed multidimensional prices called
“hedonic prices” could thus be useful instruments to givighhRpowered” incentives.

As Rosen (1974) pointed out, “hedonic prices” of differated products are more observ-
able than those of generic goods. But at the same time, thBaalygalue of luxuries might be
difficult to decompose into several dimensions of a hedorizep In contrast, hedonic prices
of differentiated goods consisting of several decompasédattors of quality in the middle-
range market seem easier to identify. Then it is feasiblérims in the middle range market to
connect the information about the hedonic prices of theadpcts with the multidimensional
tasks required in production to provide explicit multitaébigh-powered” with workers and to
optimally control their multidimensional efforts. Hendgetproduction for middle range mar-
ket with the “high-powered” incentives for workers is anatipossible equilibrium, with other
equilibria of “low-powered incentives” with standardizedluxury goods seen in the Western
manufacturing.

Japanese manufacturing linked hedonic prices to incenéme moved to this equilibrium
from the beginning of its modernization since the middle@8&nd the earliest and the most
important example was the modernization of silk reelingrfiihe middle 1880s to the 1900s.
The industry was one of the most important driving force & Jlapanese economy due to its
huge exports to the US before World War Il, multidimensiomaye schemes developed by the
early 1900s. Interestingly this was the time when firms tteedifferentiate their products by
establishing their own brands in the New York market, whiaswhe largest in the world. While
the quality of raw silk consisted of various aspects, Japameanufacturers focused on a few
critical and well-observed dimensions of quality, comedtto them under their brand names,
and provided workers with incentives to focus on these dsioers of quality. Japanese raw silk
acquired a vast share in the US market, although the higlektice market was continuously
held by Italian raw silk.

C. Multiple signals of multiple tasks

This study is motivated by Holmstrom and Milgrom (1991). Awsight of them was in their
focus on the optimization of the “direction” of vector-vatlieffort rather than just its “scalar.”
Most work done by human beings are multidimensional whilekwone by engines are mea-
sured by a single scalar, such as horse-power or torquenstamnice, individual workers often
have to perform along at least two dimensions: increasiadymtivity and retaining quality. As
easily imagined, it is more difficult to make individuals Wwdroth fast and carefully, rather than

4The silk reeling industry is an industry that produces rallw gireads from cocoons. Raw silk is used as
a material for luxury clothes. For descriptive research lom gilk reeling industry of Japan, see Nakabayashi
(2005, forthcoming).

SHence, a “direction” mentions exactly the “direction” of actor inIR™ wherem > 2, rather than just- or
—inR.



just work fast or just carefully. Indeed the result of Holnest and Milgrom (1991) emphasizes
it is difficult for multidimensional “high-powered” incees to work in a firm.

However, as implied by Holmstrom and Milgrom (1991), it abllecome easier to use if
some signals of each dimension of effort vector become glbkr in the firm. One important
signal that the firm could observe is the price vector of itsdpicts; the hedonic price. As
shown later, implementing “high-powered” incentives beedfeasible if the firm can observe
the hedonic price of its products. IntuitivelJhe more signals, the better it is for the firm
to provide incentivesand this intuition is easily evoked by the “sufficient s¢iti” result in
Holmstrom (1979). To be utilized for multidimensional imtes, however, multiple signals
have to satisfy another condition: each dimension of eagiasimust be distinguishable to the
principal. While those conditions will be analyzed in deitathe next section, predictions from
the analysis are summarized as follows:

If a firm knows the multidimensional price vector in the prodmarket, distin-
guishes each dimension of the price vector, and establsipesduction organiza-
tion where the information is preserved and utilized to calrgroduction, then the
firm can optimize the effort vectors of its workers by intrctithn of multidimen-
sional incentives.

Or, we can summarize main features of the conditions foritagk incentives to work on
the models in Holmstrom and Milgrom (1991) and in this stuslyalows:

Multitask incentives based on one signajHolmstrom and Milgrom (1991))
Each dimension of the vector-valued signal must be obs&ryvabt each dimension of
the error vector of the vector-valued signal can be depentieeach other.

Multitask incentives based on more than one signal@his study)
Some dimensions of some vector-valued signals can be umabke but each dimension
of the error vector of all vector-valued signals must be meledent to each other

Hence, this study inquires conditions under which the gangs on multitask “high-powered”
incentives are relaxed in a sense, but are strengthenedtinearsense. If a firm can observe the
price vector of its products, the dependance on the signlaéifirm could be reduced. However,
for the price vector to be useful information to give inceas, it is necessary each dimension of
the price vector can be distinguished. This condition seenhe satisfied in the middle range
market of the products, but neither in the low-end nor in tiglatend market.

After Holmstrom and Milgrom (1991) presented their themadtprediction about the dif-
ficulty of applying multitask incentives within a firm, the mditions under which their use
becomes feasible have never been considerEis paper tries to close this gap in the litera-
ture.

6An empirical study by Margaret Slade, which applies the Hitom and Milgrom (1991) model, showed
how their model exactly fits transactions in the market, nibhiw a firm, of the Western world (Slade (1996)).
In the Holmstrom and Milgrom (1991) model, the risk aversidrthe agent plays a critical role, and so another
theoretical prediction by them was that multitask incezgicould be optimal for executives who bear more risk
than employees. Applications of their model on compennatior executives were presented by Feltham and Xie
(1994) and Preyra and Pink (2001).



In the sectionll, some theoretical predictions are deduced from the mod#rimedonic
prices. While Holmstrom and Milgrom (1991) analyzed thechion of incentives within an
organization, this paper is also interested in the streanfafmation that flows from the market
into an organization. Inquired first will be the condition @k more than two signals can be
utilized to provide incentives, then considers a case wtresesignals — observed performance
in the firm and observed price vector of the products in theketar are utilized.

Sectionlll estimates the compensation scheme in a silk reeling factony depicts its
changes from the 1890s to 1910s. It will be shown that a 4-dsio@al wage scheme was
established in the early 1900s when the firm establisheavitsbhmand name to differentiate its
products.

SectionlV evaluates how each dimension of the workers’ effort waswipgd.

SectionV sums up the results and discusses further related topics.

ll. Theoretical prediction

A. The standard model of multitask incentives

The model from Holmstrom and Milgrom (1991) is first outlineere. Consider a multidimen-
sional task. An agent has a particular amount of attentioheashis endowment, and allots
her/his attention to each dimension, which composes arteffatort™ = (t,,t,, ..., t,,).

Suppose that there are two dimensionandt, in the task, and that the principal observes
signalsz; andzx, of t; andt,, and relates these signals to the wage. If the two dimensions
are substitutes and one of them is unobservable, then the &g to get a higher wage by
increasing her/his effort for the observable one and dsargaffort for the unobservable one.
In this case, it is necessary to use “low-powered” insteathigh-powered” incentives in or-
der to have workers pay attention to bothtpfand¢,. We can summarize the discussion on
“low-powered” incentives in Holmstrom and Milgrom (19919 follows: Suppose that inputs
to each dimension of the task are substitutes. Then, unesg dimension of the task is suf-
ficiently observable, multitask “high-powered” incentvare generally difficult to apply, and
“low-powered” incentives are more efficient.

B. Hedonic prices in the market and multitasking in the firm

Since Court (1939), the quality of products has been thotgbe intrinsically multidimen-
sional® Suppose that consumers in the market have a multidimensiblity function that is
concave with respect to every term of the product qualitg @rey assign aflist of quality
magnitude(qq, ¢s..., ¢;) to amount of a product they purchasee., suppose that the market
has a hedonic price functigiq’). Hence, the hedonic priggq’) is a mapping from a vec-
tor ¢/, whose coordinates specify the quality magnitude of thelgpebto a specific amount of

"Holmstrom and Milgrom (1991), pp. 34-35.
8Also see Court (1941a, 1941b), Griliches (1961), Lanc{$@86), Baumol (1967), Rosen (1974), and Epple
(1987).



moneyp. By marginally changing the relevant qualify where: = 1, ..., [, the firm observes
marginal changes of price, thus can approximate the shapedahic price functiom(q’) in
the neighborhood of the amou@tof the product.

Then, the firm can infer thé/ + 1)-dimensional price vector of the produptq)® =

p(p1(q1), -, (@), pe1 (@), Wwhereg, . specifies the quantity.e., g1 = Q.

C. The model of multitask incentives with multiple signals

Now consider a case where a risk-neutral principal utilizesgnals of a risk-averse agent’s
effort vectort. Putm = [ + 1, which is the number of dimension of the price vector of pidu
and suppose,

t > 0: k-dimensional effort vector generated by the agent.
C'(t): private cost function of the agent, which is strictly coxve
B(t): gross benefit to the principal, realized by the agent’sreffo

p;(t) : R* — R™ wherej = 1,...,n: m-dimensional outcome realized by thelimensional
effort vectort.

x;(t) = p;(t) + €;: m-dimensional signal vector of.-dimensional outcome vectqr;(t),
observed by the principale; stands for the measurement error vector of the outcome
vectoru,. €, ..., €, are independently distributed with ~ N (0, ;).

u(w — O(t)) = —e~"w=C®)I: Constant Absolute Risk-Averse utility function of the ag®
o m-dimensional incentive vector.

(. transfer of total surplus for allocation.

Supposée: = m, and thei-th coordinate ofu;, 1;;, iS a one-to-one mapping of theth
coordinate; of t. Then the principal can use the sigagl j = 1, ..., n, to construct the com-
pensation scheme , which extends the model of Holmstrom atgtdvh (1991) for multiple
signals, such that

(1) w=a" [Nz, (t) + Dy (t)+, ..., +Hx,(t)] + 3 =a” [Z L, [pn(t) + €] | + 05,
h=1

wherel’; is ak x k matrix. Then,

T
—r|aT S T () +B—C(t)— = aT [22:1 FhEhFh]a:|

uw(CE)=Eu(w—C(t)] = —e 2 ,

so that the agent’s Certainty Equivalent is

9Holmstrom and Milgrom (1987), p. 307.



CE =a” [Z Ly (t)
h=1

and the Total Surplus is

+B—C(t) - gaT

Z thhrh] (6%
h=1

TS = B(t) — C(t) — %aT

i thhrh] .

h=1
Then the contradtt, o, 5, I;), j = 1, ...,n, must solve

oo -
(2) Irpj’a); B(t)—C(t) — 7 LZ:; nx.rn|la j=1,..n,
(3) subject tot = argmax a® Z Lopn, ()| + 56— C(t). (IC)
¢ h=1

The principal must choose the optimal weight of signssuch that the variance of wage
o’ > I,X,I}] o« is minimized. Here we have to note there is a condition to hisfied
by each covariance matriX';, for the uniqueness of this problem’s solution.

Proposition 1.

For j = 1,...,n, suppose that each dimension of the measurement efrof the signake; is
nonzero so that the variance of each dimensiowr,af positive. Then, the optimal contract
which solveg2) is unique only if all dimensions ef are independent of each other, so that the
covariance matrix¥; of ; is diagonal.

Proof. See the Appendix.

Proposition 1 says each dimension of the signals must be clearly disthgbie from oth-
ers by the principal. If some dimensions @f are not independent, then the sigagl can-
not be utilized as a signal of the same dimensions of theteffector ¢ with other signals
xy,...,x;_1, %41, ..., L, IN the compensation scheriB). If the principal nevertheless wants to
use suchx;, he should use it as a signal of another aspect of the agdfot's e

Therefore suppose for the reminder of this paper that eankriion of the measurement
errore; is independent to each other so tBatis diagonal, hence suppose that optithals a
diagonal matrix whose diagonal entries afg;, for j = 1,...,n andi = 1, ...k. Also suppose
that0 < v, , > r_ 9 = 1,forj =1,..,n,i=1,.., k, and normalize outcomes such that

pa(t) = pa(t) =, ...,= p,(t) = t. Then, since_,_, I, = I, (2) and(3) are reduced to
T - .
4) Irpj’a); B(t)—C(t) — iaT LZ_; nx.r,|a j=1,..n,
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(5) subject tot = argmax o' t' + 3 — C(t).
t/

DenotingC;; as the Hessian af'(t) with respect ta, the first-order condition of5) gives

(6) - [Cl‘j]_l .

o [2CO)" 020t
| ot ot Y

The first order condition of4) with respect tdl’; is

(7) I -3 [Z 2;1] ,

which minimizes the risk to the risk-averse agémt, the variance of wage?
The first-order condition of3) with respect tax is

47T
OB(t) "
Combining(7) with (8) gives
_9 -17 T
OB(t & &
h=1 g=1

The following is a description of this procedure by the pipad: The principal
1. observes the signais(t), forj =1,2,....n,

2. assigns the information weight mati to x;(¢), such that the variance of the compen-
sation, which is the risk to the agent, is minimized,

1°Putaj2-_,il-,j =1,..,n,i = 1,..., k, as the diagonal entry on thieth row of the covariance matri¥’; of the
error vectore; of signalz;. Then, the row vectofyi s, ..., ¥j,i: ---, Tn,is) CONSiSting of diagonal entries arth
rows of I';, j = 1, ..., n, is given as the “minimum variance portfolio”

T 2 —1 T 2 0 —1

1 RTINS 0 1 010 - 1
1 0 ... o2 1 0 . o2 1

n,it n,it

Then,I'; whose diagonal entries atg y, ..., 7} 5, above is equal to7).

7



3. and then chooses an incentive veetosuch that the total surplus should be maximized.

Now suppose: = 2, that is, suppose that the firm uses two signals of the effector
t of the agent; the quality and quantity of the product gemeran the firmu,(t) = u(t),
and the price vector of the product in the markgtt) = p(t). Letx(t) = p(t) + € be the
performance of the worker observed with some noise in the fand letp(t) = p(t) + € be
the observed price vector with some noise in the market. dhgensation scheme is the given
by w = ' [[,x(t) + I,p(t)] + 4. Normalizeu(t) andp(t) such thatu(t) = p(t) = t. In
addition, consider the case whédre= 2, such that

. tl . (03] . O'% 0 . §12 0
(5) en(5) 5 (4 2) 3o (4 3)

wheret, andt, respectively stand for the quality and the quantity of thedpict.
Then, from(8), we have the optimak such that,

(10)
_( (i +s) (07 + 6 +7055Cn) By = 1056 ByCha]
(054 3) [(0f + ¢ +ro7siCh1) By — roisi BiCha)

2 2 2.2 -1
roisiCn 10565 Cay 2 22 22 2

+ 170161 05%, CHC22 - Cl2
o2 +¢? o2+ 3 ( )

(ot + ot (14
An interpretation of the result can be summarizedPasposition 2 andProposition 3 be-
low.

Proposition 2.

(a) If any dimension of the performance vecjot) of workers in the firm or the price vector
p(t) of the product in the market is neither perfectly unobselwabor perfectly observable
(i.e.,0 < 02 < +o0and0 < ¢? < +o0, fori = 1, 2), then itis optimal to use information about
both u(t) andp(t) for each dimension of the effort vectbin order to provide an incentive.
(b) For thei-th dimension ot, if u(t) or p(t) becomes perfectly unobservalfte — +oo
or ¢ — +o0), then it is optimal to ignore the signal from the unobsereabhe and use
information only about the observable one to provide anmtige. For thei-th dimension of
t, if u(t) or p(t) becomes perfectly observalfle? — 0 or ¢? — 0), then it is optimal to use
information only about the perfectly observable one.

Proof. See Appendix.

Consider the conditional joint distribution for a givena@tft;, f,(z;|t;)f3(Pilxi ti) =
f(z;, pilt:). Suppose) < o2 < +oo, and lett” andt. denote high and low achievement of
dimensioni of ¢, respectively. Then the likelihood ratit(z;, p;[t?)/ f (z;, pi|t)) depends om;
if and only if 0 < ¢? < +o00. HenceProposition 2 shows that the “sufficient statistic” result of
Holmstrom (1979) holds also for this mechanism.



Proposition 3.

Suppose < ¢? < +ooand0l < ¢ < +oo. If thei-th dimension of the performance vecto(t)
in the firm or the price vectop(t) in the market becomes less observabiéor ¢? increases,
then it is optimal to weaken the incentive for that dimension

Proof. See Appendix.

As Proposition 3indicates, when théth dimension ofu(t) becomes less observable, the
firm can keep the incentiwe, but must re-weighi-th dimension op(t) by adjustingy;; accord-
ingly, instead of giving up the whole incentive. This shoWattthe conditions for the multitask
“high-powered” incentive to work can be relaxed if the firnressnformation aboyb(¢) as well
asp(t).

As shown by Holmstrom and Milgrom (1991), as long as the firmsusnly information
within the organization, the conditions for the multitaslkgh-powered” incentives to work are
strict. However, if each dimension of the price veqift) is observed and distinguishable from
each other afroposition 1 requires, and if the firm can preserve the stream of infoirnati
about the price vector, then a multidimensional incenteedmes easier to use, Roposition
2 andProposition 3indicate.

Related to this point, another remark is also necessary.

Remark.

Sincep(t) shows the aggregate performance of all workers of the firmtevat(it) is individu-
ally generated, information abopt(t) can be utilized to provide an incentive only for aggregate
performance, not for individual ones.

Now that the benefit from the market-oriented multidimenalancentives looks rather
straightforward, the next question is under what condgitre price vector can be observed and
each dimension of it can be distinguishable by the firm. Thst-base scenario is a monopoly,
where the firm can easily observe the marginal change of esmidioate ofp(¢) by marginally
increasing each coordinate gft), without any noise from the pricing of other sellers’ prod-
ucts. The worst-case scenario is a firm that just sells a ggmeduct at the same price as other
sellers in the market do, where the firm is never able to oleseimarginal price increase from
their efforts to enhance a dimension of quality.

However, if information about quality of a product is not feetly observed by buyers at
the time when they buy it in the market, then some firms willttrgstablish their own brands
that guarantee some quality in order to receive a qualitpnpnn from buyers?! Consider the
establishment of a brand a little more carefully. In prastithere are two kinds of brands.
One is a brand of luxury goods such as the European fashiord$fralThe quality of these
products is hard to evaluate at the time of purchase, so awrsuchoose a product by relying
on the established image of its brand. The other type is &lyia brand of electric appliances
or automobiles for the middle-range market. The qualityhefse products can be seen in
catalogues or as samples, and firms whose catalogue specampies are credible find it

1IKlein, Crawford and Alchian (1978), p. 306. Klein and Leff{@©81).
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optimal to establish their brands to reflect this. The qualftJapanese electric appliances and
cars can be seen in catalogues and as samples at shops, iagdtlegues and samples are
believed to almost exactly show the real quality of theselpets so that the reputation of their

brands are kept.

The condition ofProposition 1 might not be satisfied in the first type of brands; luxury
brands. However, the second type of brands of differemtigt®ducts in the middle-range
market could satisfy the condition &froposition 1. Hence, if the second type of brand is
established, then the price vector is observable to thelisumghen consumers differentiate the
multidimensional quality of the product and then buy it. BEviethe market for such brands is
competitive among suppliers that have established thaids so that suppliers are price takers,
each supplier can observe the price vector of her/his pteduc

Then the firm may try to use the information about the pricaaseaf its brand to control in-
centives within its production organizations, which indéappened in Japanese manufacturing
a century ago. Before studying the details, let's summadhegheoretical prediction.

Prediction 1.

If a firm can observe the price vector of its products by défifeiating it through the estab-
lishment of a brand name, and if the firm can construct a prtidnarganization where the
information is preserved and utilized to control produatichen the firm can introduce multi-
task incentives and optimize the effort vector of workems(PProposition 1 and Proposition
2).

Prediction 2.

If a firm can observe the price vector by establishing its lraa that it can use the information
about the price vector as well as the outcome observed inrtimetdi provide incentives, then
these incentives will be given for the aggregate perforreai@ll workers as well as individual
performance, since the price vector is a signal of aggregatéormance (fronRemark).

Prediction 3.

Consider a product whose brand is established in the matkéte relative observability of a
dimension of quality changes in the market, then the makitacentive must change accord-
ingly(fromProposition 3).

lll. The wage scheme in early 20th century Japan

A. Establishment of the brand

The modern silk reeling industry in Japan grew in the midd@80ks and increased exports to
the U.S. dramatically. The Japanese share of the U.S. nteakleached 50 percent by the end
of the 1880s, 70 percent by 1910, and 80 percent in the 1926sybelming both the Italian
and the Chinese silk reeling industries. This was the firsecghere a competitive export
industry led Japan’s economic development, which has srated by various manufacturing

10



industries since theft.

When raw silk was traded in the market, it was priced accgrtbrseveral factors of quality.
However, it had been almost impossible for silk reeling nfacturers to acquire information
about this price vector in the New York market until the edr880s. Prior to the 1880s, the
Western trading companies put their trademarks, or “peiciops,” on the raw silk after they
inspected and re-packed it before exporting it to EuropethadJ).S. Thus, information about
the price and quality premium came to belong to the Westadirtg companies that owned the
“private chops.”

In the middle 1880s, however, leading manufacturers organcooperatives for joint in-
spection and shipment, and they put their trademarks, agital chops,® on their products.
The New York raw silk market was a spot market where raw sil& tkaded by sample. Thus the
establishment of a brand meant that its samples were rexeyas credible, and the producer
of the brand was able to observe the price vector of her/bidumts. By establishing producers’
brands, the quality premium and the information about ghoes belonged to those manufactur-
ers’ cooperatives, not to Western trading companies. Iitp&dawever, that the most important
information about the price and effort vectors was still modkn to each member manufacturer
of a cooperative. Only the cooperatives’ headquartersshwvbdnducted the joint inspection of
products, recorded the performance of workers, and gusedrhe quality of the brands to the
market, possessed the information necessary to evaliapetformance of workers.

Hence, major manufacturers withdrew from cooperativet, lange factories that included
inspection processes from the late 1890s to the early 1@d@sestablished their own brands.
This allowed respective silk reeling manufacturers to fingkasp the stream of information
about the price vector in the market. Then multitask ine@stiwere introduced by those man-
ufacturers. UsuallyLabor productivity Material productivity'* Evenness of threatfsand
Luster of thread®f raw silk were monitored to provide incentives.

B. Determination of the wage

Now let us inquire about the real process of optimizing tHerefzector. One example here
is that of the Kasahara Factory, in Suwa County, Nagano &tefs which was the center of
the industry in Japan. In the silk reeling industry in Suwaily, all workers were young and
female, all of them lived in dormitories of the firms they wedkfor, and all their living expenses
were paid by the firms. They were not unionized in the relepaniod, so that obstacles to the
introduction of new management practices were small. Eympémt contracts were usually
one-year and turnover rate in a factory between two consecyéars was generally higf.

12Nakabayashi (2003), pp. 1-59.

BTrademarks of trading companies were called “private chapd those of silk reeling manufacturers were
called “original chops.” Duran (1913), pp. 105-106.

4Material productivitywas the amount of a product over a unit of material (cocoomjchvrevealed the
performance of economizing on the raw material: cocoons.

SEvenness of threadsas the most important factor of quality in the U.S. markétere power looms for mass
production prevailed.

16Thus the career concern was not relevant.
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Also The technology of reeling raw silk did not require wanké literally cooperate. In general
wages were determined by the ex post relative evaluation ighathe effects of common
exogenous shocks were excluded; hence the incentivekedvesse workers were enhancéd.
Workers received by lump-sum payments at the end of yeadditian to the living expenses.
The Kasahara Factory followed these common practices.

Until the early 1900s, the Kasahara Factory belonged to peradive for joint inspection
and shipment under the cooperative’s brand. Those dayslabbr productivityandMaterial
productivity had been systematically recorded in the Kasahara Factodgtermine wages,
not dimensions related to the quality of the products. Rdkvtbat did not satisfy a specific
level of quality was excluded from shipment, but the resaft;ispections were not used for
determining wages. The Kasahara Factory stopped coopeiatipections and shipments in
1903, and began to inspect raw silk independently and shipdér its own brand in 1904.

Since 1904, in order to determine wagésLabor productivity 2) Material productivity
3) Evenness of threagdand4) Luster of threadsvere systematically recorded at the Kasahara
Factory, wherd_uster and Evennessvere critical dimensions of quality. These dimensions
were recorded for all produced raw silk everyday during tispection process before shipment.
During the year under the contracts, workers’ performange® recorded every day, relative
performances were calculated every half month, and workéisets followed the overseers’
guidance based on the recent two-week performatt@hen wages were paid at lump sum
according to the relative performance of each worker attioeoé the year. This practice spread
throughout Suwa County in the 1900s, a case of which was teal&aa Factory.

Table 1 shows the wage distribution that does not includditireg expense paid by the
firm. Large variance in the table indicate a feature of thglifpowered” incentive of this wage
system.

C. Construction of the wage scheme

In the Kasahara Factory, the wage scheme had been two donahsntil the early 1900s, as
shown in Table 22°

"Holmstrom (1982a).

8Hunter (2003), pp. 144-189. Nakabayashi (2003), pp. 248.-25

9Therefore the practice satisfied the condition in which adincompensation scheme can be assumed (Holm-
strom and Milgrom (1987), pp. 316-322).

20The coefficientsy; anday of 23 andx4 are unstable in some years on Table 2. It is supposedly fram tw
reasons. One is that: Evenness of threadmndit,: Luster of threadsboth of which were for cleaner threads,
presumably interacted with each other. Indeed, the coeffiaf the interaction term of a standardized regression
through the origin with year dummi&&l9XXis significant as follows:

wl90H1913 1 397,1904-1913 4 9 55, 19041913 4 () 18,1904-1913 4 () 41,1904-1913 4 ) 957, ) 19041913
pvalue fort  0.000 0.000 0.001 0.000 0.000
—1.085Y1904— 1.116Y1905— 1.026Y1906— 1.301Y1907— 0.708Y1908
0.000 0.000 0.000 0.000 0.000
— 0.798Y1909- 0.809Y1910—- 0.809Y1911- 0.460Y1912— 0.780Y1913
0.000 0.000 0.000 0.000 0.000

p value forF' : 0.000. The number of sampleg; 235.
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Scheme 1897
w: wage x;: Labor productivity z,: Material productivity

(11) W= 1T + Qs + B, ay,as > 0.

However, since 1904, the wage scheme has had four dimerasdolows:

Scheme 1904
w: wage xz. Labor productivity z,: Material productivity x3: Evenness of threadse,:
Luster of threads

(12) W= 121 + QoTy + 33 + uxs + B, oy, 9, a3, 04 > 0.

The regressions of12) are in Table 2. In 1904, the Kasahara Factory incorporated an
inspection process into its own factory and began to sefaitssilk under its own brand. With
this organizational change, the Kasahara Factory couldiecthe signate(t) of the effort
vectort that included quality dimensions, recorded in the dailpetwions. Furthermore, it was
able to acquire information about the price veqit) of its own productsi.e., another signal
of t. Prediction 1 suggests at this point the Kasahara Factory could introdacexplicitly
multidimensional “high-powered” incentive scheme, angas exactly what happened.

The aggregate performance, given the price in the marketeapproximated by the return
on sales, i.e., profits over sales. Indeed a regression aktlevage to the return on sales
through 1904-1913 shows a significant relatféiThis indicates wages, at least to some degree,
depended on the overall performance of the firm. In other wjdtdht portion of the wage was
determined as a reward for the aggregate performance oftibkeviactory, a resulPrediction
2 suggests.

Since it was not necessary for workers to literally cooperatreward for aggregate per-
formance was just for aggregated effort, not cooperatitigigc?? However, a contemporary

The other reason was a discrepancy betweemnteincentive andex postperformance. If all of workers
were on the path of incentive mechanism and performed gxasthuided, then their performance should have
concentrated on the optimal point so that their performahoaild be the same, hence a regression of observed
ex postdifferences of their performance to the wage should not iav&or instance, the sign af, in 1910 is
opposite in Table 2, but it was not because workers did ntmvahe incentive fot 4, rather because they followed
it very well as shown on Table 3-c (discussed in the next sekti

The wage scheme in Table 1 estimates the final result of edingla wage. The actual practice leading to the
result was a little more complicated. See Nakabayashi (2@p3 256-268, and Nakabayashi (2005).

2IA standardized regression is as follows:
RW: real wage.ROS: return on sales of the Kasahara Factory.

RW 1904-1913__ 1.067$%904_1913— 0.108$%904_1913—|— 0.052$%904_1913—|— 0.024$1904_1913—|— 0.025ROS1904—1913
0.000 0.000 0.000 0.000 0.000

p value for t

p value forF' : 0.000. The sample humbes:235.
22Hence it was different from the team production in Itoh (19€@2e and Yoo (2001).
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observer in a local newspaper pointed out that rewards fgreggte performance were also
useful to keep up workers’ morafé.
Next, we will check whether the effort vector was really optied during the process.

IV. Optimization of the effort vector

A. Substitute dimensions

In the silk reeling industryMaterial productivity¢,, Evenness of threads, and Luster of
threadst,, all of which need careful processing, were obviously stugsts forLabor produc-
tivity ¢;. If the relative price of labor and material changes, antlierrelative “price” of each
dimension of the quality changes, the effort vector thatim&es profit needs to change ac-
cordingly.

B. Controlling the direction of the effort vector

The firm’s target was some optimal effort vectot = (¢5,t5, 5, t5) = (1, £5/t%, t5 /15, t5/15).
Neither Material productivityt, , Evenness of threads, nor Luster of threads, needed to
be enhanced infinitely. Rather, given the relative priceléarcthe product market, the labor
market, and the raw material market, optimal levels of thaliuof product and the material
productivity were decided such that profit was maximized.

Therefore, if workers’ ability was sufficiently high, theittention had to be allotted to each
of Material productivityt,, Evenness of threads, andLuster of threads, such that the optimal
levels of them were satisfied, and the rest amount of worlatshtion, if they had, had to be
allotted toLabor productivityt;, at the optimum. However, if some workers’ ability was not
sufficient so that their attention was not enough to sattsfyaptimal levels of the,, ¢5, andt,,
the firm had to instruct them to enhance all of thet,, t5, and,.

Thus, according to the distribution of ability of workerketfirm was supposed to instruct
less able workers to enhance all dimensions., t3, andt, with some weights, and instruct
abler workers to fix dimensions, t3, andt, at the optimal level and to enhantge

Hence, on thet,,t;) plane (i = 2,3,4), plots of performancét,,¢;) of workers were
supposed to follow an increasing and bounded-above fungtiq) if the effort vectort was
optimized. Then, the image of the signalt) on the (zq,z;) plane(i = 2,3,4) was also
supposed to converge an increasing and bounded-abovéfuactording to the optimization
of the effort vectott.

Motivated by a Gaussian kernel regressiorLabor productivityz; andMaterial produc-
tivity =5 (Figurel), we take a first approximation of such a function with

(13) J,’Z':’fh/l’l—'—ﬁg, 0<$1;7]1<0;i:2,3,4.

Z3Haizanbo, “Kawagishimura no ichinich (5)” (One day in thew&aishi Village (5)),Shinano Mainichi Shim-
bun(Shinano daily), Nagano, July 28, 1903.
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C. The optimized effort vector and information from the mark et

The image ofx(t) in the Labor productivityz,- Material productivityz, plane had not been
optimized at all in 1897 or 1901 (Table&d; even thougtMaterial productivityz, had been
recorded (Table 2). The inspection process had been camietly the headquarters of the
cooperative before 1904, not the Kasahara Factory, so et ieformation abouMaterial
productivityhad probably not been handed to Kasahara on a daily basiceHlea Kasahara
Factory could neither monitor nor instruct the effort vedt@f workers on daily basis. Conse-
guently, workers increasddbor productivityzr; by decreasing/aterial productivityxz, below
the optimal level. It was optimized after 1904 (Tabla)3-

The process of optimization can also be seen inlLihleor productivityx; - Evenness of
threadszs plane since 1904 (Tablel®-

For Labor productivityt;, Material productivity,, andEvenness of threads, the effort
vectort has been well controlled since 1904, when the Kasahara fiyestiarted independent
inspection and made its original brand. On the other hardntiage oft on theLabor produc-
tivity ¢, - Luster of threads, plane was optimized as late as 1908 (Tablg.3-

Interestingly, some changes occurred in the US market ddebmning of the 1908 season.
The Silk Association of America, the industrial body cotisig of silk manufacturers and mer-
chants, suggested a method of classification for Japanasdsof raw silk, using a standard
brand as a measure. Using this standardized measure albowyers to more easily differentiate
the quality of raw silk sold by different brand$ At the same time it enabled manufacturers to
better observe the price vector from the purchasing behatiauyers in the New York market.
Indeed,Luster of threaddbecame more effective for the determination of wages in 15813
than it had been in 1904-190%.

As Prediction 3 claims, faced with a changing market, the firm observed.tiserdimen-
sionp, of p(t) more clearly, and enhanced the incentivefor dimensionz, of the observed
performancer(t), both of which were signals af, of the effort vectort. Then, the image of
x(t) on the(xy, z4) plane converged to the optimal curve (Table, Figure 2), which reflects
the optimization ot on the(¢,, t4) plane.

The incentive scheme worked on the basis of information fiteerproduct market, as well as
information in the firm, a®rediction 1 mentions. Moral hazard by workers had been a serious

24Classifications of raw silks,The American Silk JournaNew York, vol.27, no.7, 1908, p. 23.
25Standardized regressions through the origin with year dieswi9XXare below.

wl9041907 1 334,1904-1907 | 1 115,1904-1907 | () ()78,,1904-1907 4 () (1), 1904-1907 4 ) 91 (75, 7, )1904-1907
p value for ¢t 0.000 0.009 0.001 0.012 0.147
—0.677Y1904— 0.706Y1905— 0.721Y1906— 0.953Y1907
0.001 0.001 0.000 0.000
p value forF" : 0.000. The number of sample§68.
w1908—1913 21.371£C%908_1913+ 5.139&6%908_1913—1— 0.018&6%908_1913—1— 0.021&6411908_1913—1— 0.028($3$4)1908_1913
p value for ¢ 0.00 0.000 0.004 0.000 0.000

—2.162Y1908— 2.487Y1909— 2.481Y1910— 2.488Y1911— 1.322Y1912— 2.424Y1913
0.000 0.000 0.000 0.000 0.000 0.000

p value forF' : 0.000. The number of samples; 467.
The coefficient ofc, was more significantin 1908-1913.
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problem until the early 1900s, but after 1904 this problem baen almost completely solved.
After 1904, the Kasahara Factory established its own brandnainstrument to capture the
stream of information about the price vector of its produetsized it to control the incentives
of workers, and explicitly optimized the multidimensiomdfiort vector of workers.

V. Discussion: a viewpoint of comparative analysis

A. A tradition of multitask incentives

As predicted by the model, the establishment of a brand thabled firms to observe the
price vectors of their products made the introduction ofjfhpowered” multitask incentives
for workers possible.

In the Japanese silk reeling industry, manufacturers ksi@lol their own brands to acquire
quality premiums that had belonged to trading companies.€Btablishment of brands accom-
panied the construction of an organization to inspect tradityu Within this organization, the
multidimensional performance of workers had begun to beitomed and recorded. As a result
of these organizational changes, silk reeling manufarg@equired information about the price
vector in the market and about performance of their worketkeir factories on a daily basis.
By taking advantage of this condition, they were able torofe the effort vectors of workers
by connecting information about the price vector with thiathe effort vector. The informa-
tion stream of the price vector from the product market wésiehtly utilized for controlling
incentives in the firm.

B. Segmented quality of Japanese cars

This parable of a historical experiment contains some icagilbn to understand the contempo-
rary difference between Japanese and Western manufagturin

For two decades, Japanese cars have had a good reputatauséedt their quality, and, in
2006, Consumer Report&finally ranked “Japanese models as its top choice in all 1Gcieh
categories.” However, what is this good quality? The anmaalbuying guide ofConsumer
Reports'is based on tests of more than 200 models, covering periaceaomfort, safety and
fuel economy, among other factord. Thus the kind of market reports usually evaluates cars
along several categories, such as engine troubles withenvayéars after purchase, or driver
satisfaction in handling, and so forth. Then those repdaissdy cars by summing up the points
given to respective categories or terms. Therefore, theyiaitly assume that consumers’
evaluations, or utility functions, are additively sepdesdicross standardized categories. In other
words, the fact that Japanese cars achieve high qualitygetneans the additively separable
dimension of their quality components are high. Japanasmaaufacturers likely optimize the
guality components of their cars subject to the multidinn@mel price that reflect the additively
separable benefits their customers receive from the quabty the other hand, the benefits

26Consumer Reports New Car Buying Guide 2006nsumer Reports Books, June 12, 2006.
2’Financial TimesMarch 2, 2006, p. 15.
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of owning aCorvetteor Porscheseem to be hard to separate and calculate in their separated
components, and in such a high-end market, Japanese carbéen relatively unsuccessful.
The Japanese auto industry is typically good at hedonicoagpies to quality control. This is
exactly a point directly related tBrediction 1. Japanese manufacturing has focused on the
middle range of the market, where each dimension of the tyuzdin be easily distinguished
from the others, aBrediction 1 requires.

Another particular feature of Japanese manufacturingasmniultidimensional evaluations
for wage and promotion schemes are imposed on blue-collékeras well as white-collar
workers to keep product quality high. Combined with career concerns, these compensation
schemes consist of multitask incentives.

Given those casual observations with the analysis of thieameh, the multitask “high-
powered” incentives on shop floors seem to work better, ifghality control is conducted
in well-defined multidimensional terms.

That story also induces us to return to the understandinigeofliorders of firms” implied
by Alchian and Demsetz (1972). A firm tries to exclude intediagy players and incorporate
transactions if it can acquire a quality premium with snraltansaction costs. At the same
time, the firm can increase total surplus if it can preseneittiormation stream from the
product market to optimize the effort vectors of workersha production organization. Hence,
the borders of the firm can also be decided by the benefits fraatitg and incentive controls,
as well as the transaction cost, as seen in Japanese manimigcbore than one century ago.

C. For a comparative analysis

It has been shown that a multitask “high-powered” incerstivan be efficient under some con-
ditions. If so, why are similar organizations rare in the YWesn the US, Ford style of the
“contractually fixed wage” became dominant for blue-collrkers in the auto industry in
the 1920-30s, ironically when they discovered the concéfitedonic prices” (Court (1939)).
European auto industries had followed suit by the 1970s. asae why the fixed wage was
taken there were with some combination of the new technofogynass production and the
new management affiliated with it. However, another poins weat incentive wages had to
face union conflicts, and a fixed wage has been a part of agrésinetween firms and unions
in Western manufacturing industries until now. In the auwtduistry, for instance, while many
Japanese practices were introduced in the 1990s, the pgustandard pay structure based
on an agreement between the Big Three and the UAW remainddhanlapanese style of an
individualized and “capability-based” wage system wasatgd2®

The inertia of American industrial relations can be tracadkoto the very beginning of
industrialization in the US% Hence an important factor is probably the historical patthef
industrialization. The modern textile industry was a neiaiyplemented industry in 19th cen-

28n0ki (1988), pp. 49-98.

29Jurgens, Malsch and Dohse (2003), pp. 215-280. Wheel®8[1pp. 71-75. Weinstein and Kochan (1995),
pp. 12-15. Adler, Kochan, MacDuffie, Pil and Rubinstein (Z9%p. 68-69. Sloane and Witney (2004), pp.
280-282. For an overview on the industrial relations in dagae Nakamura and Nitta (1995).

30Kochan and Katz (2000), pp. 17-48.
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tury Japan, and young female workers did not have a histogyitds. However, in the Western
world, especially male workers had a tradition of guildeliknions and sometimes they were
against firms that tried to control producti®nThis seems to be a reason why multitask incen-
tives are not offered to blue-collar workers in the West beftare in Japan.

This difference could also be part of explanation of why Wastmanufacturing is gener-
ally competitive only in the production for the low-end oethigh-end market, but not for the
middle-range market. Production of generic or luxury goddss not require or suit multitask
incentives. On the other hand, consumers of middle-rangeéuats can be recognized across
standardized terms, hence multitask incentives work veglpfoduction of middle-range dif-
ferentiated products.

Appendix: proofs of the propositions

Proposition 1.

Proof.
0 I X I
oT;
Since the rank otxa™ is 1, solutionI’; of X' I'"aa™ + aa™I'X] = 0 is unique only
if each row ofI'; contains only one nonzero entry. Suclaminimizesa™ I'; ;o only
if each row of X; contains only one nonzero entry. Since each dimensia) of positive, it
meansY’; must be diagonal,e., each dimension of; must be independent to each othelrl

= ZJjTFjTaaT + aaTFjTZ‘jT.

Proposition 2.

Proof. (a) By (7), if 0 < 0? < 400, and if0 < ¢? < +o0, then0 < ~;; < 1, so that information
both about the performance observed in the firnand the price observed in the markets
utilized to determine the wage.

(b) For the observed performance in the fiartt), aso? — +o0, 7; — 0, where information
only about the pricey; is utilized. Asc? — 0, v; — 1, where information only about the
performance in the firmy; is utilized. For the price vectags(t), the proof is analogous. [

Proposition 3.
Proof. By (10),

[(02 4 62 4+ 10362Cas) By — roass BoCha)
(Uz + §2) 1 + r 0’%§12 Cll + T02§2022 _'_ T20'2§2 0’%§12 <011022 — C2 )
2 2 0,%_|_§12 252 220%—‘—(12 12

o] =

SinceC(t) is strictly convex(C},Cyy — C%, > 0) andoici/ (03 + <7) is strictly increasing in
o? and in¢Z, o, decreases i#? and/orc? increases.
0]

31Clark (1984).
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Historical document

“Kasaharagumi shiryo (Documents of Kasahara group),” bgl@kaya Sanshi Hakubutsukan
(The Silk Museum of Okaya), Okaya, Nagano Prefecture, Japan
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Table 1 Wag_ge in the Kasahara Fusakichi Factory, Suwa County, Nagano Prefecture.
year Number Distribution
of  average maximumminimum median variance kurtosis skewness
sample

sen per sen per sen per sen per
workday workday workday workday

1897 138 18.067 32.042 7413 17997 29.547  0.003  0.362
1901 163 20.898 44.098 0.638 21999 61410 0377 -0.034
1904 191 22.521 53.983 6.667 23.104 74.095 0.389  0.367
1905 199 20.040 46.415 3.625 20.652 60918 0.088  0.268
1906 150 23.196 49.549 1.735 23994 92.764 -0.341 0.034
1907 228 23.191 52.140 0.736  22.852 92.683 0499 0.254
1908 251 22931 59.780 1.774 24.001 99.890 0.178  0.309
1909 351 22.682 58.235 1.264 22999 112989 -0.229  0.405
1910 351 26.083 60.229 1.364 25.000 130.243 -0.258  0.247
1911 343 23450 66.998 0.000 22.998 146.768 -0.001  0.405
1912 88 23.779 47.996 2478 25494 130.575 -1.062 -0.023
1913 83 23.209 60.000 3.080 20.000 159.526  0.011  0.794
source : Fusakichi Kasahara, "Seishi keisan bo" (Book for evaluation of silk
reeling). Kasaharagumishiryo (Documents of Kasahara goroup).

notes: "Wage" does not contain supplemental payment, which amounts to 5-10%
of wage. 1 sen (0.01 yen) was approximately 0.5 cent of U.S. dollar.

Number of sample is small in 1906, 1912, and 1913, because some books have
been lost for those years. However, there is not any bias in distribution of
performance depending on each book, so that this loss does not affect the rsult

of estimation.
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Table 2 Wage and observed performance

w: Wage. a =(a, a,, as, 0,4): incentive vector. X = (x ;, X, X 3, X 4): signal of effort

vector ¢ in the firm, where x ;: Labor productivity . x ,: Material productivity .

X 3. Evenness of threads . x ,: Luster of threads . [ : transfer of surplus.

W= QX +0Xy+03X3+0X4+

year o 0, 03 04 S standard R’ p value
error for F

1897 0.777  0.209 - — 0.000 0.031 0.681 0.000
p value for ¢ 0.000  0.000 (0.000)

1901 0.867 0.191 - — 0.000 0.038 0.766  0.000
p value for ¢ 0.000  0.000 (0.000)

1904 0.838 0.190 0.042 0.093 0.000 0.038 0.809 0.000
p value for ¢ 0.000  0.000 0.209 0.005 (0.000)

1905 0.836 0.099 0.116 0.144 0.000 0.031 0.841 0.000
p value for ¢ 0.000  0.001  0.000 0.000 (0.000)

1906 0.799  0.150 0.052 0.164 0.000 0.044 0.803 0.000
p value for ¢ 0.000  0.000 0.173  0.000 (0.000)

1907 0.848 0.019 0.010 0.155 0.000 0.047 0.762  0.000
p value for ¢ 0.000 0.637 0.788 0.000 (0.208)

1908 0.794 0.143 0.114 -0.022 0.000 0.048 0.777 0.000
p value for ¢ 0.000 0.000 0.001 0.492 (0.000)

1909 0.860 0.073 0.173 0.016 0.000 0.037 0.883 0.000
p value for ¢ 0.000 0.001 0.000 0.436 (0.000)

1910 0.826  0.191 0.088 -0.046 0.000 0.049 0.821  0.000
p value for ¢ 0.000  0.000 0.001 0.075 (0.000)

1911 0.826  0.192 0.084 0.035 0.000 0.047 0.850 0.000
p value for ¢ 0.000  0.000 0.000 0.129 (0.000)

1912 0.754 0.176  -0.007 0.033 0.000 0.058 0.762  0.000
p value for ¢ 0.000 0.006 0912 0.619 (0.002)

1913 0.780  0.202 0.030 0.079 0.000 0.051 0.846  0.000
p value for ¢ 0.000 0.000 0.572 0.160 (0.000)

source : Fusakichi Kasahara, "Seishi keisan bo."
note : Coeffecients are the results of a standadized linear regression so that the
transfer f is normalized as 0. The p value for ¢ of f is from an

unstandardized regression. The number of samples is the same as Table 1.
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Table 3-a Optimization of effort vector ¢ (Labor
productivity-Material productivity plane)
x 12 Labor productivity . x ,: Material productivity .

ty=nx+7,

year n n, standard R 2 p value
error for F

1897 -0.116  0.000 0.404 0.013  0.177
p value for ¢ 0.177  (0.000)

1901 0.035 0.000 0467 0.001 0.661
p value for ¢ 0.661 (0.000)

1904 -0.212  0.000 0.446 0.045 0.003
p value for ¢ 0.003 (0.000)

1905 -0.299  0.000 0.403 0.089 0.000
p value for ¢ 0.000 (0.000)

1906 -0.539  0.000 0.365 0.290  0.000
p value for ¢ 0.000 (0.000)

1907 -0.713  0.000 0.700  0.509  0.000
p value for ¢ 0.000 (0.000)

1908 -0471  0.000 0.261 0.221  0.000
p value for ¢ 0.000 (0.000)

1909 -0.468  0.000 0.257 0.219  0.000
p value for ¢ 0.000 (0.000)

1910 -0.386  0.000 0.224 0.149  0.000
p value for ¢ 0.000 (0.000)

1911 -0.359  0.000 0.270 0.129  0.000
p value for ¢ 0.000 (0.000)

1912 -0.563  0.000 0.249 0.317  0.000
p value for ¢ 0.000 (0.000)

1913 -0.338 0.000 0400 0.114 0.002

p value for ¢ 0.002 (0.000)

source : Fusakichi Kasahara, "Seishi keisan bo."
note : Coefficients are the results of standardized linear

regression while the p value for ¢ of 7, is from an

unstandardized regression. The number of samples is
the same as Table 1.
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Table 3-b Optimization of effort vector ¢ (Labor
productivity-Evenness of threads plane)

x 12 Labor productivity . x 5. Evenness of threads .

X3=11/x1+1,.

Year N1 n, standard R ? p value
error for F'

1904 -0.156  0.000  0.000 0.024 0.032
p value for ¢ 0.032 (0.000)

1905 -0.383  0.000 0.000 0.147  0.000
p value for ¢ 0.000 (0.000)

1906 -0.270  0.000  0.000 0.073  0.001
p value for ¢ 0.001 (0.000)

1907 -0.589  0.000 0.000 0.347 0.000
p value for ¢ 0.000 (0.000)

1908 -0.150  0.000  0.000 0.023 0.017
p value for ¢ 0.017  (0.000)

1909 -0.216  0.000  0.000 0.047  0.000
p value for ¢ 0.000 (0.000)

1910 -0.266  0.000  0.000 0.071  0.000
p value for ¢ 0.000 (0.000)

1911 -0.132  0.000 0.000 0.017 0.015
p value for ¢ 0.015 (0.000)

1912 -0.094  0.000 0.000 0.009 0.384
p value for ¢ 0.384 (0.014)

1913 -0.071  0.000 0.000 0.005 0.523
p value for ¢ 0.523 (0.207)

source : Fusakichi Kasahara, "Seishi keisan bo."
note : Coefficients are the results of standardized linear

regression while the p value for ¢ of 7, is from an

unstandardized regression. The number of samples is the

same as Table 1.
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Table 3-¢ Optimization of effort vector ¢ (Labor
productivity-Luster of threads plane)

x 12 Labor productivity . x 4. Luster of threads .

Ly=nix+7,.

year N n, standard R 2 p value
error for F'

1904 -0.003  0.000 0.012 0.000 0.970
p value for ¢ 0.970 (0.103)

1905 0.017 0.000 0.015 0.000 0.816
p value for ¢ 0.816  (0.000)

1906 0.035 0.000 0.008 0.001 0.675
p value for ¢ 0.675 (0.027)

1907 0.027 0.000 0.011 0.001 0.682
p value for ¢ 0.682 (0.267)

1908 -0.154  0.000 0.014 0.024 0.015
p value for ¢ 0.015 (0.174)

1909 -0.106  0.000 0.014 0.011 0.047
p value for ¢ 0.047 (0.001)

1910 -0.339  0.000 0.012 0.115 0.000
p value for ¢ 0.000 (0.000)

1911 -0.214  0.000 0.014 0.046  0.000
p value for ¢ 0.000 (0.852)

1912 -0.431  0.000 0.013 0.186  0.000
p value for ¢ 0.000 (0.029)

1913 -0.492  0.000 0.010 0.242 0.000

p value for ¢ 0.000 (0.000)

source : Fusakichi Kasahara, "Seishi keisan bo."
note : Coefficients are the results of standardized linear

regression while the p value for ¢ of 7, is from an

unstandardized regression. The number of sumples is the
same as Table 1.

27



39.10

39.05

39.00 |

3895

Gaussian kernel, bindwidth=10.

3890 F

3885 |

Material productivity x ,

38.80 |

3875 F

38.70 L L L
30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00

Labor productivity x |

Figure 1: Gaussian kernel regressibaljor productivityMaterial productivity: Kasahara Fac-
tory, 1904.

Source “Seishi keisan bo”.

Note Material productivity produced raw silk per 4hou (7,216 liters) of cocoon.Labor
productivity mommé3.75 grams) of raw silk per workday.
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Figure 2: Optimization of effort vectadr(Labor productivityLuster of threads Kasahara Fac-
tory, 1910.

Source “Seishi keisan bo”.

Note Luster of threadspoints of Luster per momm&3.75 grams) of raw silkLabor produc-
tivity: momme®f raw silk per workday.
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