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Education, Information and Efficiency

Finis Welch

This represents two chapters of a proposed boog co-authored by
Bob Evghsbn and me. The subject is relatiqnships between agricultural
productivity, research and information.

The first chapter of tﬁis part is concerned with the “theory" of
the value of information. Among other things, the Bayesian learning
‘model is used as a vehicle for describing optimal-learning from exéeriencef
Tﬁe second chapter presents results for a number of empirical studies cor-
¢erned with relationships between education ;n& allocative efficiency.
Section I, is reprinted from my J.P.E. paper, "Education in Production".
Section-il is the "Scale Economy'" paper of mine which has existed in
various unpublished versions for ﬁwo years now,., The final section sum-
marizes retent disseffatioﬁs by Wallace Huffmaﬁ (Chicago), Nabil Khaidi
(SMU), and Charles Fane (Harvard). : o e |

I would appreciate any "constructive" comments.



: _ ‘ , ' Preliminary Draft

» ' Information and Efficiency

The purpose of this chapter is to present a framework for determining
the value of allocative skills, a point about which “the productions litera-
ture is surprisingly silent. Of the relatively few discussions concerned :
with efficiency most focus only on questlons of technical efficiency --
of failure to maximize output given input. In fact, in Friedman's defi-
nition of entrepreneurial capacity he opts for a purely technclogical
-definition: managel A is more efficient than B, if & gets more output
from the same inputs, i.e., if A,s production functions is superior. A
more complete nefinition-thet takes account of technical and allocatlve
‘efficiency is that A is more efficient than B, if when faced with tHe
N same input and product prices, A earns more profit or returms to his
(;B | managerial input. The extra return could arise either from different
ptoduction. functions or'from an added ability-to optimize, to have
smaller ex post errors between marginal facter costs.
»1@ a world of perfect i{nformation;.there is no room for.qunstions
of efficiency. All actors are perfectly jnformed of the consequences of
any given action and each will do whatever is necessary to maximize what-
ever he maximizes. In this sense, all will be perfectly efficient. If
information is imperfect, the actor follows an optimization ‘strategy
which takes account of ex p____errors. This is to sqf only that hind-
sight is better than foresight and ex ante optimizing stratagies are
. those which minimize the preception (or expectation) of the cost of ex 225_

————————

. e I am indebted to John ‘Hause, Jim Heckman, John I\oehler, .and Lee
: Lillard for helpful comments. Support for this research '{s provided
by the National Scicnce tcnrdation, NSF~GS- 20030
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mistakes. In the following sections a framework is presented to describe

 the cost of imperfect information and the implications following from

" the existence of learning possibilities. -

In Section I, the cost of ignorance is defined under the assumption
that decision units maximize expected yields. In Section II the Bayes

learning model is presented as a basis fo}'determining the value of

. information or learning. The next section parameterizes the cost of

ignorance ano the associated information revenue functions for quadratic
yield functions and, what amounts to the same thing, for second-order
Taylor approxlmations to more general functions. The idea is that for
the quadratic or second-order approximation, cost of imperfect informa-
tion are functions of error variances in activities or of variances in
state. parameters which result in activity errors. Accordingly, the
value of information is derived from the foreseen reductions in error

The remaining sections describeua number of applications. Section IV
deals with iearning from experience, Specifically it considers the
problem of'input selection for a fimm that.has impetfect knowledge of
its production function. Each input trial serves the dual purpose of
contributing of short term profit and of contributing information of pro-
duction parameters. Optimal learning from_experience implies that the
expected marginal loss of short term profits aseociated with an ekperi-
mental input trial is compensated at the margin by the expectation of
increased'future revenues resulting from more accurate choice of future
inputs, Although the initial application allows only sequential experi-

wmentation, a discussion follows which takes account of opportunities

for spacilal experimentation via replication of experiments. One interesting
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. reéult is that when spacial expcrimentétion is possible, multi-plant

firms will not be technically efficient, i.e., they will not maximize

aggregate output from given input aggregates. The final part of Section

IV discusses problems associated with systems change and the oblesence

of knowledge.

- ———

Section V presents approximate losses for firms and consumers as

- functions of antibipated error variances in first-order or marginal opti-

mizing conditions together with a brief discussion of the effects
of uncertain quality of goods. Finally, Section VI describes scale

economy in the use of information.



. T, The Cost of Ignorance

Ignorance is défined as the perception of imperfect informatiom.
If one is ignorant (has imperfect-iﬁfdfggiion)_but ignorant of his igno-
rance he will act as though he h;s perfect information and this case is
not ana'ly zed.

.Actors,(decisign making units) are assuméd té have.yield func;ions:
for the firm ﬁbese are profit functions and for the consumer they are
utility fuactions. Yield is defined as a function of two ctlasses of
variables, tﬁose endogenbus (determined by theAactor)and those that
are exogehous (given by the state of tge world), the state vector.

To the fiém, the state ;ector includes input supply functions, prp@uction

technolog§, and prodﬁct/demand functions. The firm's activities, the

endogenous variables, consist of inputs. To the consumer,  the state

. wvector consists of goods prices, initial wealth, and demand functions

for his labor. His activities include the labor he sells and the goods

he purchases. A condition of ignorance is defined-as a subjective den-
sity function of aiternative stafés of the world. iThe yield function
for a given state of the world is presumed to be concave wi;h'respect to
activities so that corresponding to each state'(vecgor) there is."an
activity (vector) that maximizes yield. Iguofance has cost oqu:if
activitics are determined without knowledge of the state of the world.

In this case the asgqmption is added that the actor selecté tﬁat activity

which maximizes expected yield. Given the yicld function

f{(l)  wew (x, B)



with x indicating activities and 8 referring to the state of the world,
the activity which maximizes expected yield 1is

(25 x = P51 g(®) n(x 8) d 8 .
: 8 .

where g(8) 1is the subjective density function describing the condition
of ignorance and within the integral x is independent of 8. Define
- x{B) as the y1e1d maximizing activ1ty for given 8 SO that

I(x(B), g) - = (x,B) = > 0 which gives the ex post cost of

© ignorance for any realized state, 8. This indicates that although the

actor selects his act1v1ey to maximize expected yield,he is aware that
corresponding to any state vector the activity that he has selected need
not be optimal. The cost of ignorance is defined as the expected cost

of these

E
"J

ost mistakes, i.e.,

(3 CI.=JS g (&) (x(x(8),B) - n(x,a))ds.
- ‘B . R

-

The cost of ignorance is ex pected maximum less maximum expected yield.

I1I. The Bayes Learning Yodel

_To learn is to move from one condition of ignorance to another, to
modify the subjective density of states of the world. The problem with
measuring the value of learning is that one does not know whaE he will
learn until he has learned it, and then, since he has learned whaérhe
has learned it may be difficult to get him to pay for the experience.
"To av01d problems of enforclng contracts with ex post payment,assume:
that payment occurs (or that value is imputed) before learning. In this

case, the value of a lecarning experience is the anticipated increase in

expected yeild associated with the experience, and learning is itself

o
~

A
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treated as a (subjectively) random variant. In conjunction with the

earlier discussion, let g(B8) refer to the initial condition of ignorance

.

-and let £(2) describe the density of learning realizations (i.e., resul-

tant ignorance conditions) with h(Blﬁ) being the ignorance density for

a given %£. Bayes' formula is that for. all B,

) g(8) = / £(2)h(B[2)dL ,
L

i.e., the mean of h(BIl) over £(2) 1s the initial density g(8). This is

‘a sf}ong assumption. It is not clear a priori that following a learning

experience the probability of a given state of the world, Bo’ when
averaged over prior learning probabilities, £(2), should equal the prcb-
ability initially assigned to that state. Assume then that for Bo’-

the posterlor rean {over learning possibilities) is g(So) + 6(50) so

that the actor expects the learnlng experlence to increase the proba-

bilities he assigns to B by 6(8 ). It is clear, however, that the

" actor w1ll not pay for the §(B ) because he can 51mply augment his inltlal

prior by this amount without being submitted to or hav1ng to pay for the
learning experience. Thus to the extent that learnlng has value, that -
value is subject.to the restriction imposed by“equation (4).

Corresponding to each ignorance condition foreseen, as resulting from

g

the learning experience there is an activity, x(2),which maximizes

expected yield, i.e., _ _ . .
x(2) = "¥* 1 n(s|2)n(x,8)ds. o ST
B : .

The cost of ignorance foreseen as following the learning experience, 1L,

is

(3.a) CI(L) = [ £(2) / h(B|2) (n(x(E),B) -m(x(L),B))d3de
. L B . .



Notice, howevef, that expécted‘maximum yield for the prior_learning
experiénce is the saﬁe as expected maximum yield in the initial igno;aﬁce
. condition. That is, .

S £QR) £ h(B]2)n(x(8),8)dBdL = én(x(éﬁ,s) i fil)h(éli)dzds |

L B : ‘

- fg(®)m(x(B),8)d3  (equation ).
B

let x(o) represent the activity that maximizes expected yield in the
initial contion describéd by g(B) with CI(o) referring to the cost of

ignorance in that condition. Expected yield in the initial condition

..'is B .

fe8)n(x(0),8)d8 = £ £(2)/ h(al2)m(x(o),8) dzdL .
8 ST Y _

Put according to the definition cf »(L), for esach 2,

5T (L) = f h(B|2) (n(x(2),8) - w(x(0),8))dB2 C.
. oMol | 3

~ and the value of the learning experience,

(5) VL = S £(&)aT(2)dL, is the anticipated increase in expected
L .

yield which, insofar as learning is foreseenas possibly changing activities,

has positive value. Notice, of course, that the value of learning is

also the expected reduction in the cost of ignorance5

~

(5.a) VL = CI(o) - CI (L):.
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\iII.-Paraneteriggt{on

It is clear that the cost of ignorénce arises from subjective dis-
persiqn in state parameters,so that it is tempting to model the value |
of informationvin terms of its anticipated effects in reducing sub-
jective dispefsion. In this section, i present second-order a2pprox-
—imations that treat learning or information essentidly{as the antici-
patién of reductions in (subjective) di;petsion of staté péfameters.

" The effects of learning must, however, be iﬁtermeaiated through acti-
yities for these approximations to serve as valid -indexes of the value
" of infarmatiop. i

In general, there is no presumption that the yield function is con-
cave with respect to state parameters. The presumption is _only that for
given states of the world, yield is concave with respect to activifics.
Assume then that yield.is convex with respecﬁ to state pararmeters. In
this case if learning isforeseenﬁimply as reducing suﬁjective disper-
sion (about a given mean), then learning reduceé expected maximum yield.
0f course, the Bayes formulatisn does not permit this result. The initial
ignorance condition is treated as the mean of the conditional learning

" distributions,so that the marginal distribution of maximum yields (over
learning possibilities) is tﬁe initial distribution. -

In thése models when activities arxe selécted without prior.’knowledge
of states of the world, the cost of ignorance arises from the p;ior
expectation of E§.£9§£_mistakes, from recognition that after the state’
of the world is specified actlvities will not generally be optimal. The

value of information arises through partitioring of the initial ignorance

distribution among the cqnditional distributicns so that for each of these



distributions the activity that maximizes expectéd yield is preferred
to the activity that would have been selected without the information.
In a sense, learning 1s foreseenas the ability to adjust activities to

levels that are "closer' to optimal than is otherwise possible.

Quadratic Yield Functions. To illustrate the above discussion

assuvme that the yield function, w{(x(B),B), is quadratic with respect
to activities. We have then that E%— is liaear in x and according to

“the definition of x(B) as the activity that maxinizes yield,

. om

=— |. =0,
.a* x = x(B)

It follows that

3T (@) (x = x(B))

ox
and that _ o _ .
2 . . " i )
- 3w g -
- b(B) -

ox ' _ B
wﬁere'b(s) is negative and is distributed independently-of x. The yileld

corresponding to activity, X, for given B8 1is

’ Eks - \ 1 Bzﬂ 2
(6) w(x,B) = w(x(8),8)* o (x - x(B))+ 5 — (x - x(8))
: X | 2 .2
. _ x=x(8) 8x
Expected yield, given x, 1is maximized whén .
d 2 :
= ! g(B) b()(x - x(B))"dB = 0.
. B _ :
Define )
g'(8) = = g(B)b(B)
t ’ T b
with " b=/ g(B)b(R)AB .



W)

Maximization of eﬁpectcd yield requires minimization with respect to X of

£ gt (8) (x - x(8))7as
8 .

which gives ' : - i

x = f g"(8)x(8)dB
B .

as the mean of x(B) in the transformed diseribution g'(8).

' The cost of ignorance'in the initial condition is then’

CI(o) = :%- Ié;(s)(x - X(B)) dB = %' i(B)

e

and is proportionate to the error variance in activities associated with -

the deciéion, x. Transform the conditional densities, h(S]i) into h'(sli)

o ICORNEI
b .

Loy -

. and the.learning density into £7(L) =

”~~

D £

°"$

where b(g) is the mean of b in h(BI ) ard b is the mean of F(i) in £(2) as

well as in z2(8). The value of a learning experience is then

(7)  C€I(0) - CI(L) = %’f £ J h'(B{l){(x(O)—x<s))2 O EIONSLE
% B .
-t FENR) (x(2) - x(0))2d2
L

where x(2), the mean of x(8) in h}(Bll),maximizes expected yield in h(Bll)
and x(0), the mean of x(8) in g'(B),is also the mean of x(%) in £7(2).

Thus in g'(8), variance of x(8) abOut x(0) can be partitioned into the sum of

the variance of x(2) about x(0) between thc condit;onal learning distri-

.butions and a f' (%) weighted average of- variances of %(B) ebout x(2) within
_the conditional learning distributions. The cost of ignorance is propor-

-tionate (with the same ﬁactor) to the between class variance. Thus,in this

sense, the value of information is proportional te the predicted change in



activity error variances.
Although the yiéld function is not nccessarilyvquadrAtic, in accofdance.

‘with a second-order aﬁproximation}fbllowihg the Taylor expansion I will

simply assume that it is. This assumption Permits césts'of ignorance to be

viewed, in what I think is an intuitively zppealing description, as functicns

of anticipated error variances in activities. Or, since ignorance is the

.perception of dispersion in states of the world, the cost of ignorance is

also a function of subjective variance in state parameters when the impact

" of state dispersion is intermediated into activity errors. Accordingly,

the value of information is ﬁeasured in terms of its effects in reducing

error variances in activities via reductions in state dispersion.

The Second-drder -Annroxiuztions. The Taylor evpansion for yields

corresponding to a given activity, x, whew expandad about the optima

“activitv., x(8), i<

. a - )
(8) Cn(x,8) = w(x(B),B) + 5 (x - x(8)) S
’ 1 "b 3211' ' . .
+ E-(x—x(s)) (x-x(B)) + higher order terms.
ax 'ox
am 32 L
Evaluated. at x(8), = 0 and =—— 1is negative definite. Notice that
-9xtox
the more general notation is used to permit x to be a (k by &) vector. 1In
. : 2 _ -
this notation, — is the Hessian with- . '
ax‘ax . . o
2 2 ' -
T 3w
, = { }= {N,, }. e
Caxtax X% 1]

by

Since {—Hij} is postivé definite it can be written as a matrix whose

typical clcmenf is



o+ e ——— =

- 10 -

f k
(8.2) (Hig) = ey,
The éecond term in the expansion is then
k
%—Z ‘a, (x-x(s))(x—x(ﬁ)) a, .

A =1

_where'az is K by & with‘typical element {ail}' Transforming the density,
g(B), into the loss-weighted density,g'(s),as in the quadratic case,gives
the cost of ignorance as

k

. 1 - -
9 CI(0) = 7 a, 'v(x)a
| 9.-1 . b

where Ez is the mean of a, in g(8) and V(x) is a k by kmatrix of loss-
weighted activity error variances.
To express the cost of ignorance as a function of state paraEEter

variance, note that as a first-order approximation,

x-x(B) = %%— (8 - 8) where 8 isr by % The loss associated with x is
- k. '
. a .
L@ -y iy }.3_5(3 )= 2rct @-eE-ore,
. y ) “e=1-
' = 9% )
-where Cr by £ = 38 3¢ ) . . ..
Aag is as defined in equation (8.2). The cost of ignorance is then
. l'k e c . :
(10) CI(0) = 3 b c, V(3) ¢ ;
2=1 * S

_with v(8) being E(B - S)(B - B) for the loss-weighted densities so that v(R)
is a covariance matrix r by.rfor state pargmeters. Recall that from
equation (7) the value of information 1s proportional to the anticipated

reduction in activity error-variances associated with learning. Therefore,

PR
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) . E | ) ' ‘ —_ .
(7-3) VL = - '2_ [ Eg'(B)(x—x(B)) - Ef (2) Eh'(e‘l) (X(i) x(B)) ]

2

= P— 2_ 2 - 52
T2 (ox ox(l)) o

b
2 x

with 8 teing the antiéipated percentage-reduction in activity error
variance. By analogy, the value of information corresponding to COStS
depicted in equation (9) where cost refers to activity erroT variances

and equation (10) in which cost is expressed in terms of variance in

state parameters is

S Lk - :
(9.8) VL=37I 3 Av(x)a,
=1
_and
_ 1 k _t _
(10.a) VL=35 I c, AV(Bjcz.

=1

The value of information is thus approximated by functions that take
account only of forscen changes in error variances of either activities

or of decision parameters.
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IV. Applications: . A .

ggpertain Tééhnologv and Learning From Fxperience
Consider a problem in experimental design. Assume that a profit
maximizing competitive firm does not know its production function.
The function is estimated and the estimates are revised with -
each new observation, with each realization of output.corresponding
h ﬁo each inpué trial. Assume, first, that the firm has no other option

for acquiring information. Sc;le replication and learning from expéri-
‘ence of others are each ruled oﬁt for the momgnt‘but are considered
jater. Here, the firm faces a.problem of acquirihg knowledge, one

‘of its many forms of capital. Against-the contribution of an input

) ) : v -
~ - get to expected short terms profit, the firm balances the contribution
.of these inputs to reductions in parameter estimate variances,

_— - for réduced estimation error reduces the size and therefore Fbe cost
of future éistakes. Let the unknown produption function'ﬁe vy = £(x,v).
Assume that this function is estimated through ordinérylleast squares
(OLS) regression based on historic observations. Assume . also that
the production function can be linearized so0 tﬁat o
al) Ve °® z'g +u

describes the function for which yx and z' represent suitable trans-

-

formation of vy and %' and B represents production parameters. (In

the Cobb-Douglas function yx = log y and z, = log xi.) From equation (10)

L]

-/
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the cost of ignorance corresponding to a given variance of state

parameters is

w

T v ©

CI(0) = z
g= L .

roj-

80 thaf minimization of the cosg of ignorance requires minimization
of V(8). TFortunately, if the productioﬁ function can be linearized
as in equation (11), and if the stochastic terus, ﬁi’ cor;esbonding
to the jth (past) observation are independently distributed (of 2
and of uy for j#1) with constant variarce and zero mean, then OLS
regression minimizes V(8) according to the Gauss-Markov Theorem.

Define Bo as the OLS estimate

i S K
Bo = (25 Z,) lzoYo

based on T previcus observations such that the ith row of Z (T ¥ r) is

the 1th past observation Zi. It follows that - -

. ) ? - . i L. ae -
V) = 0,222 '

Now consider the effect on V(B).of addinz a new observation, 2161 X r),
to form %f the modified estimate. Since V(Bl) devends only on the
. ? i .
‘desipgn matrix Z = ( 9) the effects of Zl in reducing the variance
- z

- ° : l . 2 . . -
of 8 are known, at least up to ag,, before the experiment is par formed,

-

i.e., before the y's associated with Z1 are observed. In fact,"

2,0 S |
Ve = cu(gozo +742,)

(N
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/1
and it can be shown that—
az) V() = v(sy) - V() = oi(z;zo) . 1y (ZoZo) z +1 )
which with equation (10.a), ' ‘ i i
(10.a) - VL = 1 § E'Av(éjc”*
L3 A - 2 2'-1 2 2

-

gives the informational value, for one period, of the experiment, Zl.
Let Z1 refer to a single observation z, and let y represent a present
worth summary statistic (discussed later) for the l1ife ekxpectancy

. i
of the information contained in z;, so that the value of the experiment

becomes
k _ T u
14 - -1 : -1-

Qan VE = A P TS S L e,z '2) "z2'(2'2) Tc,.

2(21 §Z° Zo) z; * l)l=; 2 %o "o 11 "o o 2
Since

3 __"' » . -1
ey (z,2,) 2 .
i )

o - 1
YANA Z Z + Zl 1
 Pre-multiply by (Z' z)~ and post—wultlply by (Z '2 ) ,1' which gives
1 -1, . _. t -1, t 1 '
(,Z° Zo) Zl =(2'2) Zl + (Z Z) Zl Zl(zo_ ZF’_)<
then _ . ‘
—1 . "1 1 "1 s —1' 1
1 ' ' = .
(_Zo Zo) Zl (In + Zl(Zc Zo) Zl ) (z'2) él .

post multiply by - , L .

’ 19 1 -1 . . )
yA (Zo Zo zo) . . , .
(zo'zo) '(I +7 (z 'z ) 1, (z 'z ) = (2'2) z (" 'z )
-1, -1 -1 -1 '
[ 1 1] . - 1 - Al
(2'7) Zy _Z(Zo Zo) 4 (Zq 20) (z'2) ,
and ' ///’/. T e )

@n™

o e —— . - e m—

- |' "1 Y ' "1. s . - [ ;1 .' "1 1 "'1
2 '7) - (2, 2 )2, (142, (2, z) 2" 2,(2,'2 )

1y (zéz
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is . 8calar,

“1
-and )
k
> E (z 'Z) zz'(Z'Z)c
i=1
'(z z ) 1 clcl Wz 'Z) 1
=1
‘But
c g
£ 3B L
~and
. k R -
- ox X
£ ‘cc '= (- 1..} =
4=1 g2 3B ij~ ¢B
w_:lth

So that the value of the e}';per’iment, El, beccomes

oL ar.a) VE = 3
with
-1
= |
(Zo Eo)
and
= 1y Xy, ‘ ) . :
A B {- 1_,} BBB' | . y

In principle, the expariment, zy» should be designed to maximize

4{ts value net of its cost. Before considering cost, compute marginal

1nformatioh reveure for v‘l rather than zy- Define Q as the function

transforming x into = such that

) . ! 2z
z = Q(x) with _-S-Z_; = (q'ij} - {_5)5?_}

)

£\



- 16 -

. ey = ————

Note that : ‘ : .
. ‘ ' : . '
3 ( zy Az1 . 2A 2y
[}
le zy B;i+ 1 (zlngl + 1>2

when A and B are symmetric as in this case. Therefore the marginal value '

of the experiment, xl(zl =Q(xl)), is given as

Az
_ 8VE _ . 1 sz'
(18) MVE = e _q; : 7 .
1 (zl Bz, + 1) 1

1l
which is k linear (in'the z's) équations, each divided by a fourth-order .
polynomial. |
Costs for the experiment, Xy» is definedvsimply as maximum expected-
yield.less expected yield gt activity, Xy For thé second-order apProximation,

,this is
(19) Ec=-]=(:;—x)'{—11 }(x—:r).»'
' pIRLS SR & R S

where x, is the activity that maximizes expected yield. Marginal expefimental

cost is then the linear functionm, .
| CBEC L i Y ¢w ox
(20) | MEC = - { Hij} (xl X.).

1

The first-order conditions for an optimun experiment egquate marginal

revenue and marginal cost giving

Y Az 351 = (z,'Bz, + 1)2 {-ﬁ LY (x,-x,) | A
ox 1l 1l ij 1 7=

which, even if %%— is constant, i.e., if z is linear in x, gives-é fifth-

order polynomial. It is not generally possible.to derive analytic solu-
tions to these equatious, but in application, numeric solutions can be
obtained. Turn, for example to the simplest possible case, the quadratic

N " production function,

y = ax + bx? + ux _ .
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and assume’that this function is estimated by OLS in average product form,

%=a+bx+u.

' - PN 2 -
Based on T historic observations with activity variance © and nean X,

-~

the variance of (a, 8) is given as

rS 2 :
v(a}_ op fo 2452 —x\
o - X .

Tcng\—x 7 1J. . . : | N

With a new observation, X,, the change in variance is

- N gram— *
a o 2 , (o 2 z(x —:_;))2 (o 2
N = - u X 1 X
av() =V, - V3 7™ 7 ~ 73 S
b ° G 2o+ k0 L T T
D x 1 .9 - _ _
L(_cx —x(xl—x)) (xl—x)

~Assume unit ' product price with input price, P. To maximize expected

profit, x is selected cecording to the rule,

e o £32P)
"
. so that ) -
ax _ _ L i
22 2b ,
and
x .(_a:l’l' ' S
> -2b° S

1

In this case, the information value of the experiment, X, is.

1 o, ¥ {(a-p-bx) (xl-.-x) - bcx } .
y -2
2 -4b‘3'rcx2 ((T+1.)cx2 + (700

and experimental cost is

N2
-;—b(’fl"“*) :

. ﬁquation of marginal cost and revenue yields a fifth degree polynomial

so that as in the general case analytic solutions cannot be obtained.

)
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As a numeric example, suppose that the firms's history ié surmarized by

x =20
] 2 = 10 'H ' : . -
x . . . = H -
T = 9.
Assume, also that a = a = 110
b=b=-1
g 2. 82 = 16 :
u _ -

- .

with current conditions given by P = 60 and \p= 9 (a discount rate of
,abog:tt 11 percent). The activity maximizing expected profit is x,=25.

For this case, marginal information revenue is

40 x 3(100 + (x,-20)0) (3(x3=20) £1)-(30x, 20)+1) % (5, =20)

1 ——
x =

(100 + (x1-20)2)2
and marginal information cost is (xl-?ZS). These functions are ﬁlotted

" in Figure 1 with the optimum experiment glven as Xl = éZ.l.
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al Nevenue and Cost - - An Illustration.

Marginal Information
there are three veal roots

Figure 1.A
(In the hypothesized function,
for the net revenue function) .
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Returns Through Time. To this point, ﬁhe problen of timing experi-

ments has not been addressed. That information has a future was cab:ured
simply by the summary s;atistic /I Unfortunately the problem of time is.
not simple. Not’onlyvdoes the valde'of information'depend upon all past
observations (experlments) but it depends upon fnturé‘experiménts as well.
with the statlc technology depicted by equation (11), tomorrow'svalue of
toda&'s experiment depends only on past experience together with today's
expefiment, but the value of today's experiment the day after tomorrow
depend$ also upon tomorrow's experiment. And tonorrow's experiment will

diminish the value of today's information the day -after tomorrow and in

. The optimization criterion is that- the present worth of tocay's

experiment net of experimental cost should be maximized. But since

future values depend upon future experiments, the entire future plan

must be determlned 301nt1y with today's plan. If the firm faces a

-

finite Jlfe, it will not experlnen* in its terminal perlod,pnd a basis
exists for determining the experimental path as a solution to a dynamic

programming problem. Rather than pursue this approach, consider an

.alternative.

Define the factor y as the rec;procai of.the nffective”rate of
discount and consider the orders of»nngnitude of this.discoun; rate.
Notice first that implicit in thé model is an incentive foF:
sign (z-z,) = sign (2,-2).

Thé'information vaiue.function is minimized 'in tne Vicinity'of‘;.
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Clearly by introducing an expériment,-zi = ;, regression estimates of
slope coefficients and their variances are unchanged. The only element
of ambiguity lies in the estimate of the.intercept,for,in general, the
gfeater is z,, the greater is its effect in reducing.the error variance
of the intercept estimate. Thus, in thg numeric exanple infcrmation
value is not minimized at the historiﬁ mean of 20, but at a point between
19 and 20. In auy caée, the hisﬁoric mean serves as an approximation of
the poinﬁ of minimum information. For movement of_z toward z, when z
ligs between z and i*, informational costs afe falling and information
revenue is rising. An optimum experiment dpe; not then lie between z

énd Z, but would océur suéh that 2z, lies between zl,the optimunm exﬁeriment,
and ;,'the historic mean.

Second, through time, discrcpancie; betwéen z and z*.and, possibly,
between Z and £ will decline. The discrepancy between z and Z, is an
{ndex of the "size" of the experiment. As a firm's history extends, the
gbility of another observation to revise it estimates, i;e., to reduce

estimator error variances, declines. And as the value of experimentation

'falls,the size of experiments falls as well. Recall, however, that 2z,

is a function only of state parameters that are known prior to activity

_selection, estimates of parameters not known at the point of activity

selection are given. (In the above production case, prices are presuma-
bly known prior to selection of inputs.) If.these prior decisioh_para—
meters are drawn from a distribution that is stéble through time, they

will mirror & distributioﬂ~of z, that is itself ‘stable through timeuand
%z will move toward the mean of that aistribution; Define (z*'z*) as the

steady statc moment matrix such that at time, t, (z*'z*) = TC where C

- d . . e -

N
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ié'the stafionar? covariance matrix. C, then, serves as an index of the
amount of experimentation natﬁre subsidizes. The more definite is C,
the'larger its determinant, the }arger ié the variance in Z,, i.e., the
larger is the activity variance associated with intréperiod optimization,
and éhe smaller is the value of information. When prior decision para-
meﬁers are con;tant C contains non-zero elements only in the row and
columg referring to the regressibn intercept.

To determine the effective rate of discount, it is necessary to

know the time-path. over which 2'Z, the moment matrix indicating actual

experience,moves toward Z'*Z*, but this requires full knowledge of the

-

experimental path. We do know that incentives for experimentation are

such that at any point in time |2'Z{>|2'Z [, i.e., experimentation

augments the determinant of the design matrix. With this, we can determine

-upper and lower bounds for the discount factor. Consider two boundary

paths: one in which all future experiments augment the design matrix in a
manner similar to the average of all past experiments and another in

which no experimentation has occurred or will occur. For the first, if
zZ'2
t = 0 o
Zo Z0 To( f =)

: o
then at future point, t,

AL -
(z'2), = (). , _ ’
o |

-

Since incentives for experimentation diminish as experience deepens,

z't'zt 2.2,
- )|.>|t0( .

|zo-zo|>.[t-°( )]

* where Zt'Zt indicates actual expcricﬁce.

Consider the marginal informational revenue in future period, t,

accruing to the current period cxperiment. Define Zt'z as the design matrix
' . ) t

.
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that includes ZO'Zo plus moments on all

of the current observation.

. . A Z 3z ."
(18.a) .- MVE_= 1 5 Bxl
4 (z-l' Btz l+l) 1
with
B = (Z 'zt)"1
and .i
x' x
| ) At = Bt 3 {’Hij} sg B
Define
'i P zt'zt
' =
=t ¢ . )
so that
t .
n ) -1 o
Bt = (Z' Z) ] (—t—)B b
Then, Ly .
. A2y azl'
B o= e E 12
nNEt (zl'B z +E-)— axl :

_ For the boundary cases A and B are constant so that

2

MVE, = MVE —=—\";

with

iﬁe present worth of the irformation flow is

¢ - MVE § 1+r ( ) N
o o i=1

¢ MVE

. ;f tab is "large",

1\~ 1 \i-1
-1 3
W5 W Te

and

!

future observations to t e

tz'\,

and A = (—90 A .

= to, t9+1,t°+2, .o

xelusive

7~
S
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2(1+1)
(r+————-tb )
,.' O

with r being the market rate of interest. The effective rate of discount,

1

.471, as then bounded by - : :
r+ i(1b+ Do lers i'£1+r)
o1 o2
.where
| -1
= ] ]
bl. z, (Zo Zo) zy +1
and '

-1
= ' 1 -
.b2 2y (Z, z*)‘ 25 +1

with Z, being normalized to to observations. .

The point is that
. i -1 ) -'1
“y uh.= z. ' 'y - 1

B >
- - .

-may be "small" so that the bounds on the effective rate of discount are

"tight" .

For the moment matrix, X'X, based on t observations; we know that
G T - -1, -
e . = = SRL N I -
x&'X) x =7 (1 + (szx)'s “(xgx))

vhere x, is an arbitrary vector, x is the mean of X and S is the covarizance

matrix,

.
*

S,, = x,  -x,) (x, -x.).
i] t=1 ( it xl)(}Jt XJ)

i

-

™

Consider the diagonal matrix A whose i-th diagonal. element ié the
-
: . 1 - 2. =
] s : = = (= x, =X
standard deviation of x; in x, i.e., *11 9y (T Z(Ait xi) )2.

The matrix of zero-order correlation cocfficients,

' a1, -1 -
Re (ryp) = X8 A

and"
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s"1 = x’lRflx'l

_ such that

=1

'\'l
x" R 'x

(x-%) '8 (x-%) =

oA : . , :
where x is the vector x expressed in standard deviation units about the

mean. But, .
-1 1 . 1 13
R~ =-— adj (R) = (™)

wvhen riJ is the co-factor of rij in R. With xt' being the t-th row in

X, the mean

'R = k-1

A
xt t

1
T

e

t=1

where (“-1) is the dimension of R. This follows from the-observation

thaf -

1 2 V. .

o7 z;1 *¢ 5t~ Tij , :
and that

k-1 k-1 43 N

R
DI gt T = Rl
1=1 j=1 '

" Recall that as z, varies about z, variation.in z about z is exag-
gerated but that incentives to experiment fall as experience deepens so

that variation in z about z, dampens through time. It therefore seems

-

reasonable to expect that correlation patterns-within Zo to reflect

correlations in Z* and that variance in»zt declines through time to
. _1 i
variance in Z*. On this basis, I assume that zl'(Z O'Zb) zl < %where

k ‘45 the number of paramcﬁers in the regression function given in equation
A =1 ,
- (11). It follows that the effective discount rate, ¢y , is understated by

s) o+ 2(1+1) |
T +k° - | ‘ I
o . .. - : :

.
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Assume that steady state variance in Z_ is some fraction, s, of
historic variance in Zo and that variance in the current design,

is intermediate to these extremes. Let,

z.'z,
Z 'Z
o o

| ]
to(zlz1 )
Z 'Z

oo

zl zl"

=g

and

=6

1 .
Z* Z, are identical,

bym by = (2 - D227 - (3,2 T - ¢ (5.

As a numeric example, assume that three parameters are being estimated,

that current estimates are based on twenty historic observations, that

the market rate of interest in ten percent and that

§ = 3

On the assumption of common covariances the "effective" discount rate is

bounded by

2(1+r) -1 2(1+r) .

(16) r + -—_—————> Y > r +
' (k-1)&te s+l (1) S+ e

-

and in this case lies betweén 19.3 and 18.5 percent. If s is reduced to
0.1, the lower bound falls pb 15.3 percent.. As the number of historic

observations increases the bounds converge.to the market rate, r, which

also serves as the lower bound for the stationary case in which there is

- zero variance in prior decision paramcters.' Since § cannot be determined
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indcpendcntly of 2y and since, for most purposes s is unknown, equation
05) offers an alternative upper bound. When these bounds are "close"
little is gained by pursuing the dynamic solution.

The central idea in this analogy to lecarning -"from - regression
is that learning phenomena can, quite naturally, begouched in the ordinary
optimizing frame. The major problem is in forming an optimal learning

algorithm and the argument here is that this rule-for-learning falls

directly from the yield function. Eased on any given history, the optirum

' way of digesting experienée is that which minimizes the cost of ignorance.

For the standard case of the profit oriented firm, the problen is
manageable because yield functions are profit functions. For the con-
sumption case, the problem is more difficult because utility is harder to
observe. Even so, we are not completely empty handed. In a later sec-
tion, approximate loss functions for firms and consumers are presented
in vhich errors are expressed 'as percentage discrepancies in first-
order eptimizing conditions. There, the. costs of mistakes vary directliy
wiéh expendliture shares ‘and, with demand elasticities. This offers a
basis for determining the allocation of resources to, say, search activity
*to reduce wncertainty concerning quality of goods. It also provides a
rationale for the development of "habit'" when habit is descrlbed as a
propen51ty towvard goods whose characteristics are more certain.

These observatious are cold comfort for those interested in class-
room learning behavior. Their only relevance is to note that so
long as something is being optinized, the learner should not be viewed
as a purély passive participant in the educational process.

~Turn now to three rather straightforward extensions of the learn-

ing model: experimentation through space rather than time; thcuques—
tion of technical change and the obsdlesence of knowledge; and scale

economies in the use of information.

7y
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A; Replication of Experiments

In the analysis of learning by regression, activity design is an

input vector, 7 Learning is possible only by experimentation and

1°
experiments are conducted in sequence, one-at-a-time. In}application,
therelmay be several modes of gleahing information. One. is simply
through observation of others. This ades a "public goods" aspect to the
pictuee. If information is obtained costlessly by observing others,

this eppears from the individual firm's perspective as an autonomous con-

ponent in state covariances, V(B),and in terms of the earlier discussion,

reduces the private incentive to experiment by Increasing the effective

- rate of discount.

Another mode of garnering information is by conducting more than

one'experiment at a time. The problem is, of course, analytically similar
to ihe design problem d;scussed above. The distinction is that if n
experiments are simultaneously conducted the design, Zl is n by krather
than ¢ by kin equation (13). Here the expexiﬁental cosf_fune;ion can
be conyeniently partitioned into two parts, a mean and ;ariance.'

- Consider a multi-plant firﬁ e . . that has the same

micfo-production function for each plant. Total output across plants

" 4s maximized for given input aggregates when merginal physical pfeduc—

tivities for eacﬁ input is equated across the plants. And in this case
where plents are assuned to have a common (concave) production .function,
output is maximized when each plant uses the same input mix as,qii other
Plants, ; .

But for given aggregate inputs; an equal allocation among plants

would minimize the informational coentent of the experiment so that
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fncentives are to vary the activity mix. Define an experimental cost
function for input aggregates based on the Hessian, {-nij}'as before and
add a cost-of-interplant variance function which ié proportionate to
difference between maximum expected output (which redﬁires intérplant
eaualiéation of activities) and expected output correspending to any
pattern of interplant activity variance. The ogtimum experiment would
equate the marginal informational value of the aggregate experiment
relative to its marginal cost to the marginal revenue of variance relative

to its cost.

As an example assume that the firm operates with a one-input Cobb-

" Douglas production process of the form,

i

and Xy is the input level. Presumably a<l and this concavity gives the

. . . . u,
basis for the inter-plant variance cost function. So long as E(e’i) =
n.

y; = Ax,%"1 over n-plants, were Yy is output of the i-th planf

u, o
E(e J) (for all plants.i &nd j) with given aggregate input X I x, the fim

° =1

- maximizes expected output with x; = X /nand the expected product func—

.tion is : - :

s O, Uey _ g l-o, @
¥, = Iyy = IAx,CE(e'1) = AN 930

(with E(eui) = 1), Let ¥, = E(Xyi) vhen not all va;ues of x; = xo/n and

consider a second-order Taylor's éxpansion‘of ¥y about Yor

2
- dy. _ 1. 37y; '
?} yp +1I 3% ‘x X /n)+ 3o sxi | (x =X, /n) +o.e
Xi=ko/n . i:lx /n i
Since o
ay
&y, = —J
9%y Gy kX
'xi“xo/n j (o]
“the linear term becomes
o
o Z(x1 - xo/n) -0

©
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Since.

the second term is a

a(a~ll o _
2 xsz L(x

ala-1) 2 2

4

x : .
Let p, = =+ withp=;-];- eid Tp, = 1°. Wnichis Yo 3 ~ 10~ with

. o : _ P
2

= 1 Z(p; ;E)z. The approximation to the production function is
O'p n 1
= - a(l-a) A 2 2
Y=Y, (1 _—_E—_— n Up )
- This gives
a(l-a) 2 2
Yy T n op

as the cost function in physical product units for inter-plant variance

‘which nust then be” adjusted for product pricé. To this the cost function

-

for aggregate experiments that deviate from short term oppimal (Xo # X))
must be added to give the total experimental cost functién.

Presumably the méin ingredient in determining tge optirnum éxperi—
mentél mix between déviations’qf X, from x, (v;rianée through time) and
variance (through space) in Xy for given aggregates, X, lies in the plant
residuals. Concavity of the prodgétiqn function is of course élways rele-
vant in as much as it forms the basis forexperimental cost, but-cdhcavity
enters both space and time functions,and is not central to determining
optimal mix. The distinction is on the revenue side, in the conteat éf
the altcrnativg forms of information. .Suppose the plant resicduals canbbe

partitioned into two stochastically indepcndent elements,
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Upe = Ve Ve

where L is the firm specific error that is held in common by all plants
and Vie is the plant specific error. The variance is then partitioned

as:

The greater is the ratio owz/cuz-the greater is the incentive to gather

information via spatial variance! At a point in time, w is fixed so that

the greater is owz/ou2 the greater is the informational content of

spétial variation in estimating the production elasticity, a.

()

£

7\
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B. Change and Obsolesence of Knowledge

To this point, discussion is restricted to static processes. Both

‘production technology and the distributions_of.prior decision parameters

are fixed so that, through time, stable activity distributions evolve.
Instead of these static assumptions, suppose that technology and the

- : ' : .1
distributions of prior parameters change over time . For purposes of

experimental design, these time based trends have two effects. First,

they "subsidize" experimentation at functional extremes. That is, they

" introduce trends in x, (informationally myopic.observations) which adds

variance to the design matrix and reduce incentives for current experi-
mentation. Operationally this is equilivent to increasing the effective
rate of discount. The second effect is that prediction problems are .

exacerbated. BRecause ef trends in x,,yield response tends to be pred

yoe

cted

at observational extremes where predictions are least reliable:s Recall

that the error variance of the prediétions,

= v A 1A = 1 L -1 — 7
yp z g 1is z V(p)z° . T.(1+(z° z)'s (zo.z))

where S refers to the covariance matrix of historic observations and z

is the historic mean of these observations. The larger the discrepancy

between z, and z, the larger is the prediction error.
To get an idea of theorder of importance of these contradictory

forces, consider a few simple models. First for a standard.of comparison,

consiaer a fully stationary process}

1 . ' e s .

I consider only trends in means of distributions of prior decision
parameters here. If, for cwample,variances of these distributiocns expand
with time so that ‘the variance of x, is increasing, then nature is sub-

“sidizing larger future expcrimentat{on and less experimeuntation is required
“in current periods. Alternatively, if variance eof x, is declining with time,
- larger currcent experiments are optimal. In each case, these trends in dis-
. persion can be viewed as adjustments in effective discount rates.

i
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y=at+hbx + u
where there 1is nb trénd in technique (a and b) or in factbrs determining
optimal activity, Xg. éuppose thaf. on average we are interested in
.predicting y for values of x that differ from X, the hiétoric mean by one
standard deviation. Prediction error variance, from least sdquares
estimates,

yp = ;'+ g(Eiox)
is 92

c

. .u
91 2

-~

wﬁere n 15 the number of:observations on which the estinates, ; and b,

are computed. : _
‘Now suppose.that tecﬁniq&e‘is gta;ic but that X, is.trended so

that )

T =t + Vo - | ' :

" where Vt is stochastically independent of time, t. The trend in x adds
variance (since the mean grows only half as fast as the activity level),
but sincé for prediction problens we are concerﬁed qﬂly.with extreme

- activity levels, there is a trade-bff between the reduced coefficient’

estimator variances and the necessity of evaluating the estimated function

at observational extremes. Define 62 as prediction error variance at

activity level, x =t * 0. In this case

©
)

lim

n=

2|
]
BN

1 - o @
As sample size jncreases, predictions tend to be more accurate than in

the fully static case. That 1is. the added variance in the historic obser-

vations reduces the variance of the cocfficient estimates and this dominates

the effect of the reduccd reliability associated with prediction at

/!
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observaticnal extremes.

As a third alternative, suppose that x, is trended, but that the

function to be estimated is also trended, such that

x=t+ Vt
v is stochastically independent of t) and

at = a° + al

t,

the intercept shifts with time. For prediction problems, this is the
worst of possible worlds. Yot only is prediction required at observa-
tional cxtremes, but the time dependent movement in x is not a source
of independent activity variance for improving the reliability cf the

-~

estimate, b. Let O, indicate prediction error variance at

_ 3
= - ’ = g .
a, vao + bo t and X, = t v
Hefe, .
" 1im _ . ’
o 0376 = 2.5

g0 tﬁat as the number 9f observations increas;s, ;his fully dynamic
process résults in larger predictioﬁ error than is associated with the
;tatic‘process.

In each of these cases, prediction errors decline as the number of
observations increases and incentives for exﬁétimentation diminish through
Eime. With the stationary case as a benchmark, it appears that the
quasi-dynamic case in which actiyities are trended and techniqué is not
results in‘reduccd inceﬁtives to experiment. On the other hand, when

both techniques and activities are trended incentives to experiment are

cnhanccdl.

1Thc omitted case corresponds to a trend in technique, a =a +a.t
with no trend in activicy. Lvaluated at & = 4 + &,t with x = xig_, pre-
diction crror is less than for the static cnse? bu% convergés to that of
the static case as the number of obscrvations increases.
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It is obvioﬁs that this view really bégs the fundameptal informational
question of systems change. 'The point is that when a system progresses
smoothly with time, here is a trudcoff between the informationally en-
ﬁancing effects of increased activ1ty variance and the errors associated
with prediction at observational.extremes. The most interesting question
from an infofmational persﬁéctive afisés when the system not only pro-
gres;es with time, but is actually subject to change. For example in
fhe éarlier cases suppose that the intercept not only depends on tire, but

*

that the dependence is stochastic, i.e., at'= at—l+ €

More generally, consider the productionfprocess described by

t t t

Qa7) y*t'=z'8 + u

(17.a) B = AB- v, -

where Ve and z refer to transformationse cf. product and input that lipearize

(vis a vis state parameters, B ) the process, u, is an unobserved residual

- and A is the k by ktransitional matrix (which for 51rp11city is presumed

Aknown) that along with the unobserved re51duals, vtk byktransforn state

t-1l parameters into current state parameters Bf' " Viewing past observations

in terms of current system techneclcgy, gives

y*t =z 'B+u

t t t
-1 - . )
= t - t .
Yap1™ Ze-1 & B T Ze1 B 1Vt tuy S
and for the n-th previous observatioﬁ, ' ‘ s
-n . n --i
e o .
y*t-—n - ztrn A 3t zt:—niil‘A yt—n+i* ut-nf

i

Estimatlon of B is obviously complex, even when A is Lnownl. Not

e e—— . . . |
1For a discquion of this problcm.with proposed solu;ions, see Deutsch
¢ ), chapter 8, 11, and 12. .

()
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only do more distant observations re’lect todays technique with larger

error, but the errors are serially correlated. This, however captures the
essential ingredient of change, i.e., the obsolesence of knowledge.® w;th
sespect to today's technique, yesterday's observation is blurred by tech-
nical change between yesterday and today. Similarly, the observation

from tse day.before yesterday is twice.penalized in counting for its

value in estimating today's structure.

'Presumably the generalized least squares estimates fof this system
are informationally efficient since they mlnlnlze'V(S ) and therefore
minimlze the cost of ignorance. . -

The most 31gn1L1cant distinction betseen this kind of approach to

ystens change and the cases discussed earlier, in whi ch'systems are
either static or progress smoothly with time, is that in this view of
dvnamice incentives to gather information do not venish through time.

In terms of current systems states, the 1nforﬁatlonal content of a given
observaticn declines through time: Information is: subJect to.obsolesence
which creates an incentive for updating information.

Obsolesence of informatisn implies that at any point in time there is
less of a basis‘for forming estimates; fhis creates an incentive for
current eyperlmentation. But, since obsolesence renders past observations
less relevant to today's system, future. systems change makes todays
sbse;vations less relevant in the future. This side of the'obsclesence
issue reduces the value of present experiments: bThe net effect of these
contradictory forces is uncertain.

While it is clear that the existence of systems change, of the

obsolesence of knowledge, providés incentives for stcady state experimen-

tation, and there is noncin the static case, 1 am still unable to derive de-

finitive results showinp that even for simple models of obsolesence, experirel

o Y . .
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V. Loss Functions for Tirms and Consumers

To this point the discussion tas been couched in terms of e
generalized yield function. In this section 1 present formulae for
two cases of epecial intefest to economists, the profit maximizing
firm.and the utility maximizing consumer. The idea is that as a

result of imperfect information at the time activities are selected,

- mistakes occur. This section offers second?order approximations to

the cost of a mistake, a sub-optimal activity, for a given state of

the world.

e) The firm. The firm is assumed to err in two ways: first,
at the observed or realized output le&ei costs are not minimized, i.e.,
marginal rates of input substitution are not equal to marginal rates
of input exchange; the second mistake is simely that output is not
optlmal marginal cost is not equal to marginal revenue. Define «
as the profit the firm earns from a given activity, a 01ven choice
of inputs, and define T* as the maxinum that could have been earned

had the activity been optimal. We have then,

t18) T wx o= wk + drn ' -

where dr represents the cost of incorrect choice. Let x4 indicate

I is the optimum. And-for

the competitive firm let p indicate marginal revenue or product price

the quantity of the ith input used when x

and Py> the price of the ith input is also marginal factor cost. It



follows that

19)  an = I

where f;'is the average ©

"~ 18 -

i

Fo-p) Gy - x;)

£ the marginal physical pro

the interval, (x - x*). Note that when x and x* are not sub

reference is to the full input vector. The product,-(pf; -

ig the average difference

between value of the marginal prod

*
{nput price times the size of the input error, (xi - xi), i.

. 4g the unit cost of the nistake multiplied by the size of th

Since n is assumed concav

an input is undérutilized

e in x, this product most be negati

* .
. xg < 0, the value of its mar

duct of xi over

scripted,
RICHEE WP
uct and

e., it

e mistzke.
ve: when

ginal

product exceeds its price, ﬁ?i - Py 0. TFor the second-order approxi-

mation, let -

- - P
Pf; - gi = ‘E'd £ with
N N . _ *
d £, £,00) - £,G7) gfij(xj x3)

where fi(x*)- = Pi/P and fij = K
- ij.
Then,
' - B v ook
520) dm 5 E g fij(xi _~xi)(xj xj) -

ig quadratic in activity

This, of course says nothing about
x - xk, Presumnbly,‘error

_..¢asts or because of uncertain technolog

errors is the loss from x # x*,

the source of the errors,
s occur because of incorrect price fore-

v so that 1t is convenient

VRN
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to express the cost of an activity mistake in these terms. In equation

(19) let Sl pi/fi(x*) =p and define «' as the least cost input combina-

'tion for producing the output con51stent with x,i.e., f(x)=f(x') with

pi/fi(x') = pj/fj(x')for all inputs, %, and?xj. Substitute

x-x% = (x-x")+(x'-x*)= dx'.+dx* = dx

so that the movement, dx' corresponds to movement on the isoquant, f(x)l

and dx* refers to cost effecient changes in output between v = f(x') and

= f(x*). ‘Indicate y-f* as dy and p= p—i + X with X being the average

jevel of marginal cost between y and y*, This substitution into equation

. _'(19) gives

(19.a) dr = (p-A) T £ dx, + T(fy - pi)dxi.
' i i
. - B * -
But-acco;ding to the definitions of dxi s dxi , and A,

- - -

L E: dx', =0, If, dx, = dy,
{ i i i i i »
and _ . : ’ - : s
‘£ GF . =0 .
('i—pi)xi T M
i .
‘So that

.=_" "';_ ;y
(19.b) dir = (p-\)dy + i(lfi pi)dxi .

The first term on the right hand side of equation (19.b) is the producticn ef-

fect, the cost of producing the incorrect output and the second term is the

cost effect, the loss resulting from the failure to minimize-cost.

Since p = %, Ak-X is approximated as %-dk with dx = - 3 dyll-qo that

Y
9
the production. effect is approximated as < E-E; dy . Introducing the

elasticity notation.Ea =d 1In a,

. 1 .
The substitution of d\ = - E-%% dy is in recognition of the opposing

nature of prediction errors on marginal cost and output. An overestimate
e it eiat At 1educes oubtput. '
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dp
B
i i

dp

.where gg-is the percentage prediction error in product price and P is

the percentage error between input price and marginal productQ

Py

——

EA

— B

Epi

respect to the price of the i-th input with

(o
the bordered Hessian, }
fi

F, L
i

average of the percentage
. with weights referring to
marginal cost. Let
dy o (e
.. dy = X P (p

F
T

i
Also,

1 4s the elasticity of marginal cost with

F being the determinant of

£, ,
3 , and F, is the co-factor of £,. Since
f';} i - e i
Exlj ' g %P1
E% = 31 and the term ¥ — (—= ) is a weighted
EPy S EPy Py

errors in input prices or marginal productivities

the effects of these errors in predidtions'of

s0 that the production effect becomes

2

dA (dy)~ =

2¢.b.1) - 1
( ) 7 &

; By EX.(QE._ Ql)z
2 EA P - A

where the percentage error in marginal cost

dx Ex 9Py
T::z...}.: (-_.
i Pj
and
Ey | F
EA yFo

with Fo being the determinant of the Hessian,
effect is proportionate to total revénue, py, and the squared
error between marginal revenue, p, and marginal cost,

Now turn to the cost effect.

Thus the production

ASTIE
percentage

A

With the approximation that fi is
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1inear over dx',

— : S\ B
FOE -9 2§dficui .
‘ N E X
From Allen ( ), we have i = ko so that
: R &
EPj
= . drg

with kj’ the expenditure share of Xj and Oij as the Allen-Uzawa partial

elasticity of substitution between X, and Xj, Since p,x; = kiC vhere

i

C is total cost, the cost effect is rewritten as

z o — dn dp
(19.5.2) P GCF -pydel = Sk k i j
d Ay - '
where Py __Ei is viewed as the percentage discrepancy between

Fyq B Afy

marginal factor cost and marginal factor preductivity as in the

. expression for the production effect. Since X k. 6., = Tk, o
. oxP P AR S & IR S B &

. the cost effect can be written in an equivalent form by substituting

. d . d" 2 . . '
.- % Cjii - 7 for ) ( . In this form, the cost effect is
P P P _
i 3 _ i j
: ' Cy 5 k k' ..(dMRsii)z
- — G .
(19.b.?) 23 $51 1§ %13 HRSij -
dMRS 4P,  dp T
where .. oi =0 and 11 (——i.- —1 is the percentacge
j j nRSij 'pi : pj ' : . e

discrepancy between marginal rates of substitution of xj for xy and

_their marginal rate of exchange.’
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b) The Consumer. Having derived an expression for the cost a

firm incurs in not maximizing profit, the cost a consumer incurs in

‘not maximizing utility i; easily fdrmulated. It is in fact only a
restatement of the cost effect for the firm. The syﬁmetry between

the cost minimization problem given an output constraint and the utilicy
maximization problem given an income constraint is obvious. In fact

4f U is defined as utility realized under goocs selection % and U* is
the maximum éhat could have been achieved with optimal select;on x*

given the budeet restraint then the psychic cost of x-x* is
1) u = u*-u .

To translate this utility loss'into a monetary term, divide it by, 1,

the marginal utility of income so that dU/X is a meauure of the incone

wastcd_ﬁ' failing f'o optimize. Expansioa gives o : :
. g—l_J- . . Ui - * b

where Ui’is the marginal utility of Xi' Since i piii = g glxz

the analogy to the cost effect is obvious. Therefore

Q2.2) @i = I K, n, (dPi)(_.J

j i i) Pi j

where income, I, is substituted for totai cost in equation (19.a.2)

NIH

-

and n = k, O {s the income constant elasticity of demand

1] i 4]
for x, with respect to pj Similarly, substitution in terms of dis-

crepancies betwecen marginal rates of substitutiow and marginal rates

of exchange gives . .
- : dar 2
(22 .a)' i‘% = ——;— Tr T k n (_’[Rgi1 ) .
{451 1 13 :



- 43 -

To go from these approximations of the cost of suboptimal activity

to measiures of the cost of ignorance requires that expected values

"be taken over the loss-weighted activities zand the activity, X,

that is selected to minimize expected cost, is the mean of X* in the
loss-weighted densities. Clearly, this approximation to the cost

of ignorance is a linear function of percentage error variances in

prices and factor oroductivities, and the value of learning is a

1inear function of foreseen reduction in these error variances.
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In the egrlier sectiohs‘bf this'chapte:, thﬁ only behavioral-issue
is concérned with learning from experience. It is of codgse obvious
that a lack of full knowledge has other behavioral implications. OCne
dmportant application of concepts of imperfect info;mation is the search
models forwvarded by Stigler: actors perceive price dispersion and search
for the best deal. In there simplest form, the search models are prcb-
lems in order-statistics - the best deal is the minimum price obtained
in n trials. More recently, Evenson and Kislev have extended the search
" framework to applied research in the biological séience;. Within a
fixed genetic distribution researchers search for the 'best" attributes
in plants and ;nimals.

The loss functions for firms and consumers presented here serve 3s
a basis for extending behavioral impii;ations of decisioﬁs under uncer-
tainty... Here, I consider two special cases; one invelving soods of
uncertain quality ané in'tﬁe other case I_éoﬁsider the question of

scale economy in using information.. ) L

A, Uncertain Quality ' .

Unlike thie genéral models for.which the quéstion of attitudes toward
risk is foremost, the case of qntértain quality iéifairly simple. This is
because actors are definitionally risk adverse with.resﬁect-to quality.
The éoncavity of the production function guarantees that input'éuality
dispérsion reduces expected output and concavity of the incomenconstrained
_Qtility function quarantcés that dispe%sién regarding goods quality
lovers expected utility. ‘

Thus f&r thé consumer,increased quality uncértainfy lowers real

income and the consumption of the consumption'bundle shifts in favor of -

income inelastic

™\
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goods. For firms, this effect is ambiguous at ecach level of input scale -
corresponding to given cost as in the consumption case with fixed income -

input composition shifts in favor of expenditure inelastic factors, but

input scale can also be affected. For a competitive industry, quality
uncertainty increases costs and therefore product price. If demand is
elastic, industry revenue will decliné and.the~associated reduction in
input scale will reinforce Ehe.shift toward expendigure ineiastic factors.

But if demand is inelastic the increase in input scale associated with

-

rising revenue will twart the tendency away from the expenditure elastic
inputs.
For the linear homogeneous production function associated with

classical perfect competition, all factors have unit expenditure elas-

ticities and the question of input scale is one of industry revenuz cnly.
There is also a question of composition effects for given scale sincz

quality uncertainty may alter rates of substitution. These "'substitution'

effects depend upon (1) the relation between the quantity of "a commodity

used and the uncertainty associated with the content of the commodity
and (2) the concavity or convexity of marginal functious, This d:pendunc£

upon concavity or coavexity of marginal functioas is regretable

because our economic intuition is poorly formzd insofar as third-order

derivatives are concerned. The first effect concerns the relation bet-

-

ween quantity and uncertainty.

P

If a unit of commodity X has quality variance 02, then the variance

of N units of this commodity is ch if the units are drawn independently

22

"and is N70” 1f each unit is of the same quality as all othcrs in the

sample.

Consider a production process that is a known function of intrimsic

input attributes, X,. Dut assume.;hat instead of purchasing these ''‘poodies™
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()

the,firm pdrchases "goods', X% of quality, q, Where quality is goodies

per good. According to the second-order approxiration,

£(x, %) = £0x0) + £'(0) (xm0)+ %-(x*~x)'kfij} (x,-%) .

Add the assumptions, E(qi) =1 (goods and goodies arc measured in the sane

units), E(qi) = Gi 1 and E(qiqj) =1 (qualities are independently dis-

tributed). Expected values are

n

. _ .1‘. 2
E f(x*lx) = f(x) f 2 iil Xy fii oy

) .

for n-inputs. Expected marginal products,

2 2
», £... 9, .
i “4ij i

. T . . . ”
MP."—EE‘L}&‘L}'{)‘:f.*'X. . U--'*'l
R j 3 33 3 2

ol e

'

In;this expreésion, the first.term is the certsinty equivaleﬁt

" marginal product, the second is>the direct effect linking quantities

“and uncertainty and the third term involves the concavity or-convexity

of the marginal functions as noted above. For quadrétié functions,
third-derivatives vénish and the effect of quality ;ncertainty is simply
a price effect;aéood subjectlto quality uncertainty is seen simply .as
having a higher price than in the certain-casq; More generally the effect

on the rate of substitution,

M p\‘ff -ff-'i’Ji#.- -
d °k2 IRk T Titkkg? 7T L.

and

..1_2 - .. 'k i = €.
“ 2% Ceha i fad *afyfyy0 #1-

.

™

/

}Notice that'by assumption, quality is homogencous within x. If
quality were Eydépcndently distributed, in the sample of x units variance

- would be xici .
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Prgsumabiy the third-derivative is an index of similarity between

inputs 1 and k. If fkki < o an increase in Xy increases the rate of

productivity decline associated with X, SO in a sense xg substitutes for

X The impact of these secondary cffects is to shift input composition
away from inputs of uncertain quality and away from close substitutes in
this restricted third-order sense of substitutes.

Interestingly enough for the two factor linear homogeneous process,

y = £(a,b) .

" the Euler equations give

2, .2
8 faa = 0
so that the expected product function is

_ \ 2 2,-2 2 2
.E(y[a,b) = f_(a!,b) +_§ faac 3 0= Ua»'+ oy

Here, since marginal rates of substitution depend only upen input ratics,

the origin of uncertdinty is irrelevant: effects on expected output are

symmetric between ca2 and © 2 and the effect of quality uncertainty on

b

input composition is independent of origin. There is however a conposition

effect which for the constant elasticity of substitution function is

3 M ' < - -
d.IPal P, ) (k ~k_) (1-¢)
doz ez - ‘ '- .

Here, ka and kb refer to inpUt-sharcs and € is the elasticity of sub-
stitution.  An increase in uncertainty shifts composition away from

Inputs accounting for greater shares of cost when substitution is inelastic

and toward these inputs in the substitution elastic case.
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VI. Scale Ecoﬁémi

Many forms of informatibn are environmental: they are like public
goods 1in the sense that the use of information does not deplete the
stock -and the value of knowing that A is sﬁperior to B may be in direct
proportion to the use of A or the non-use of B. 1In a situation in which
the cost of information is independént.of its intended use ;nd value is

. S 1
proportional to use, scale economies are createds

Define r, as the ceteris paribus ignorance level that would exist

at a point in time-if no alternatives for pﬁrchasing information existed.

The cost of this ignorance is presumed to be proportional to scale so

. : . . & .
that the firm's cost function is given as C(y) = C (y) (1 + ro) where

* -
"C (y) corresponds to the minimal possible cost for achieving output, vy,

12

and r, is the fraction.by which realized cost exceeds minimum cost. Ti

* ,
cost of igncrance is rOC . HNow until this point ignorance, ro, is

treated as independent of the actions of the firm. But suppose that

ignorance can be controlled-- that information can be purchasad either

' subscribing to trade journals,

, <
explicitly by consulting with "experts,'
¢tc., or implicitly by experimentation and "visiting the friendly neigh-

borhood research station.”

"Let g(-r) represent a cost-of-information function such that g'(-r) > o

~

(marginal information costs are positive). The equilibrium conditions for
) * ..
purchasing information are g'(-r) = ¢C. and g'"(-r) > o. The first states

that the marginal cost of information (minus ignorance) is equal to mar-

ginal revenue. In this expression, ¥ is a present-worth summary statistic

1This point is not original. Nelson (10) carefully delineates the
size bias vis a vis a firm's R & D investments. :

Ve



. Education and Allocative Efficieucy

This chapter describes a nurber of empirical studies of the sources

of education's productivity'in agriculﬁure. The first examines deter-
minants of relative wages among groups of workers with differing amounts
of schooling. The main result is that the return to schooling is

directly related to rates of technological changes.

The second study summarized here explores relationships between

education and returns to farm sizes in the United 3tates. Agricultural

productivity advances appear to be closely related to growth in fam
size. The érguement advanced is that technological growth creates scale

economies in using information which alongside rising levels of fam .

operator education results in larger more efficient farms. The remaining

sections report work completed by other. Nabil Khaldi uses an estimated
aggregate agriculturgl productiqn function ;q coﬁpare observed input mix
to legst—cost input conmbinations. His‘conélusion is Lhat tgthnological
gféwth results in production uncertainfy'such that allo;ative efficiency
declines as the raté of technologzical change rises. Alongside this,
he finds that in.a dynamic p;oduction envirénment moré educated farﬁers
are more efficient in selecting iﬁput 5undles.

Fane uses a similar approach for a different body of é;ta with

-

similar results. Wallace luffman explores the link between rates of

response to reductions in Nitrogen fertilizer prices and farmer schooling.

He concludes that more educated farmers respond more quicl:ly to change.
The central theme of all of these studies is that education erhances
allocative efficiency in an environment of rapid technological change.

LA IR}

.



The P.r.o_.@_c_t.iyf.}’_a.l_ﬁ_& of Cducation

étandara competitive tneory, in its assumpt
yules out allocative ability as a source of the
compléte information, there is no room for.the ¢
alternative since in equilibrium all alternative
margin. That ié, the perfect information assump
return to a factér is ﬁroportionql to its margin
product. But, for educatloq and some other inta
that the.direct contribution tb physical product
contribution to revenue. There have been atterp
tive model to allow for "entreprenecural capacity,’

ability is alvost alwvays corwuted as a re51dua‘,

ion of perfect inforration,
return to a factor. With
oncept of a superior

s are equally good at the
tion implies that the

al contribution to physical
ngibles, it is not clear
ion accounts for the total
ts to modify the competi-

L' but the return to this

total revenue less the

cost of other things, which does not facilitate marginal aaa]ysls. Yet,

firms clearly make marginal decisions vis-a-vis
They sometimes hire new "managers' and inveét bo
tion information. As’an alternative to computin
as being proportional-to marginal physical produ
things are held constaﬁt, I explore the implicét
input_(education) whose function, in part, is to
inputs.

It secems plausible that the productive valu

allocativa atilities.

th in market and produc-
g margiﬁal factor revenue
ct %ﬂ wgich all other
jons of variations of -an
yﬁry the use of othef

-

e of education has its

-

roots in two distinct phenomena. “Increased education simply may permit a

worker to accomplish more with the resources at hand. This “worker

effect" is the marginal product of education as marginal product is

- mormally defined, that is, it 4s the increcased o
'~in_cducation holding other- factor quauntities con

increased education may enhance a worker's abili

utpdt per unit change
stant. On the other hand,

ty ability to acquifc

™\
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and decode information about costs and productive characteristics of other

i

inputs including, perhaps, the use of some 'mew' factors that otherwise

would not be used. The return to education is therefore considered as
consisting of two effects: a "worker effecé" and an."allocative effect.”
In recent years, we have SCressed'the importanct of edqcation as a
factor of production and have 1ncluded it, often as an adjustment for
uality of labor, as a varluble in estimates of production functions.
Consider three 'production functions" to dlstlngulsh the role of education

in each: (1) the engineering producLlon fuﬂctlon of a single cormoditys

(2) a production function of gross sales; and (3) a production function

of value added by some subset of factors supplied by the firm or 1qdustr

theAqther inputs being "purchased.” As 1 show, when the narginal product
cf‘education is treated as a partiai‘dsrivative, the composition of the
bundle of "other things" held constant is crucial. : .

In cach case, production is assumed to be technically efficient in
tﬁe sense that for given inputs, physical ‘output is maximized.

For the engineering funstioﬁ, we have . -

Q = q(%,E),

where Q, physical output, is a function of education, E, and other inputs,
X. In this case, the marginal product of education is 3q/3E ané refers
only to the worker effect. As noted earlier, it refers to Ehc sbility
to accomplish more (physical output), given the ressurces at'hé;d. Ly
including cducation or Yknowledge' as an explisit factor of productien,
the concept of techﬁical sfficiency becomes soriething of a tautoloéy.
Production is technically efficient if producers do not knovingly waste

resources. If they wast rcsources but are ignorant of doing so, the loss.

is attributed to a lack of knowledge. Presumably, the worker effect is



-

related to the complexity of the physical production process. In the

engineering function there is no rcom for allocative ability, since

-questions of allocation do not arise. In the tenaining functions, education

4s excluded as an explicit factor. To include it would only reiterate
the worker effect which is obvious in the engineering function.
Now consider gross sales for firms producing more than one product.

With two commodities, we have,

Q = pya, (%) + pay(%y) s )

where Py and Py refer to the prices (assumed exogenous to the producer)

of the respective cotmodities, d; and q,. Both cormodities are assumed’
* 3 ~

to be functions of the input vector, X. The quantity of X used in pro-

ducing 9, is denoted by Xy and similarly for X, In this case, assune

that x is given, but that i=s allocation anong competing uses X; and X.

is not. ~liere technical efficiency refers to being on the product trans-

formation frontier, that is, of maximizing q,, given 9, and X, and does
FS

not correspond to maximization of sales, Q, given X. To maximize Q, we
have . ,
20 %4y 24, ‘

—_— =

" P, = - Py 3
axl 1 axl 2 Bkz

as the first-order condition. Maximization of sales requires technical
efficiency and that the marginal value product of x be equated between its
competing uses. Suppose that productive capacities of some factors are

not equally understood by all who use them so that Q, given X, 1s not

s H

necessarily maximized. Suppose further that the allocation of X among
its alternatives is a function of education, that is, Xy < xl(E). In

this case, the marginal product of cducation,

a2 M\Ta
"3 T P11k T Paex, Ja

1

A

(



is positive ifcducatién enhaﬁce§ allocatiye,ability. fhus when education

is treated as a tactor in functions producing gross sales, if the alloc;tion
of inputs among alternatives is nat an explicit part of the function, we
have the infecrence that the marginal product of edu;ation includes gains

in allocative efficiency as Qell as the worker effect.

In considering value added, assume thét there is only one product.
Nothing rs gained by multiple products since the que;tipn of allocation
between coméeting uses is obvious in the previous example. value added
is exprcésed as Q = pa(X,2) —.p X, where p refers to cormodity price and
qd, physical product, is a functlon of purchased inputs, X, and inputs
supplied by the firm or 1ndustry, Z. The prlxe of X is t and Bbth ol
and p are assumed exogenous to the producer. llere, max1m1zation of Q

with respect to X gives 3Q/3X = p(2q/3x) - P, = 0, which is the margl inal
.productivity theor?, that is, in equilibrium the value of the marginal

" product of X should equal its price. Hhén Q is maximized with respect
to X, we have the inference that value added is a functiqn of Z only.
But, again assume that producers are not equally adeﬁt ét assessing pro-

ductivity and that the quantity of X purchased is 2 function of education.

In this case, the marginal product of education,

._9

i

dX : .
(p—"-px):ﬁ

Heré, the question of the ceteris-paribus bundle is obviaus, ;If a
préduction function of value addcd is estimated and X is introduced as
an explanatory variable, a positive marginal product denotes underuti-
lization (at the.mean) and vice versa for a negatlve marginal product.
Alternatively, X can be exclulcd as an expllcit variable and education

included, in which case the marginal product of educatlon reflects comove-

ment betwecen X and E with any resulting allocatlve yalns or losses. Thus,



if a vaiue—added function, based on'multiple products, is.estimatcd which
specifiés the quantity of supplied inputs, Z, but does n&t specify allo-
‘cation among competing uses, and if purchased inputs are omitted, the
margiﬁal product of education wili contain three eléments. First is the
worker effect, then there is.the question of selecting the quantity of
other inputs, and finally the allocation of these iﬁputs arong their
alternatives.

These effects can be combined by considering a value-added production

.funéiion in which there are two products produced, 9 and 9y and each

4s a function of three inputs: education,E; other inputs supplied bv the
firm,Z; and.purchased inputs,X. The respective comﬁodity prices are

pl'and Pys and Py is the price of X. We have value addeq by education

= . r. 0 -
Q = pyay(x;,25Ef) F Py (¥pp7p0Ep) P

Vhere E = L. + E., 20 = z.+z + x,; and

1t B 1F2g0 X5 % 7% - »
& TE aE T aE 3E ~ 4t &

If value added is taken as a function of the total quantities of education

and supplied inputs, Q = f(E,Zo),_the marginal product of education,

of _ 3q1 . aqy ) an , dE Ny aql ) . qu , dz
3E P2 3C P13 ~P25%E ’ dE P13z "~ P23z 7

3q 3q dx 3q
1 12 1 2 dE -
+ (pl ox Py 3x ) Ef—'+ (pZ 3x - Px/ A

Where the first term is the "own" valuec of the marginal product of
education, the worker effect, the next three terms refer to the gains
frém allocating the respective factors, education, supplied inputs, and
purchased inputs efficiently betwcen competing uses;_and the last term

refers to the allocative gain from selecting the "right" quantity of
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pﬁrchased inputs, X. If this were a production function of sales, dX/dE
would ‘equal zero and the effects of sclecting the input bundle would: be

lost.

Since returas to education include al}ocative ébility, estimates
of the productive value of education should include a provision for these
returns. This can be done explicitly by the use of total derivatives or
implicitly through profit or value-added funciions.1 Production functions
of gross refenue include the worker effect and the effect of allocating

factors between competing uses but exclude the effect of selecting the

"right" quantities of other inputs. FEngineering production functions

reveal only the worker effect. . .

Perhaps this helps reconcile the inconsistency betveen the estimates

(o))

of Griliches (1964) and Kislev (1965) of the productive value of educa-

tion in-agriculture. CUsing similar data, both estimated an agricultural

" production function of gross revenue for 1959. At the state level of

. .

aggregation, Criliches found schooling to be an important source of
productivity, whereas Vislev, working with county dafa,.found little or
no ‘return to schooliﬁg. The level of aggregation méy be the key to
understanding thé diffcrence.in their estimates. fWmile both used gress
revenue as their measure of output and therefore pernit education to
éaptufc the gains from allocating resources between‘competing uses, it

is clear that agriculture at the state level is much more diversified,

vis-a-vis product, than at the county level. Thus the state ‘apgregate

' permits more "room" for allocative ability than does the county. It is

1 .-
Value-added functions become profit functions in tlre extreme as
all inputs are trcated as purchased (variable).



also clear that to the extent that éducatién affects the choicg of which

inputs to use, both Grilicheé and Kislev understated the productivé;value

of education because both held qther’input quantities (including purghased

inputss constant in estimating margidal_productivité.
This also helps interpret 2 pecuijiar result of an earlier attempt

of my. own (Wélch-l966) to analyze the determinants of the value of schooling

in U. S. aoriculture;' The dependernt variable in my analysis, the return

to eight years of schooling, was assumed to be the value of the marginal

_product (as a partial derivative) of schooling in agriculture. Clearly,

_when tho return to schooling is estimated from wages, it includes gains

to allocative ability. 'The cocfficient estimates. 1nd1cated that the

share of labor in agriculture js about three-fourths of total output and

the share of nonlabor inputs is one-fourth; factor shares ‘morc relevant
. 1 " ’ 2 - - .
to value-zdded than Lo ZTOsSS sales. . -

The first clear—cut distinction between worker and allocative effects
is prov1ded by Chaudhri (1968). In trying to assess the impact of education
on Indian agrlcultulc he estimates an aggregate production function (at
the state level) of gross revenue. Although statistical problems of few

observations and large error-variance in cocfficients preclude strong

statements, Chaudhri fails to demonstrate that education is an important

source of productivity. He argues (partly in error) that, in his esti-
mated function, marginal product of education refers to the worker effect

alone, and to capture the allocative effect he provides evidence showing

gt

2

1 failed to recognize the 51ﬂniF1cnnce of this result, and although
I referrcd to the underlying nroduction process as one of value added, the
measure of nonlabor inputs included purchased inputs.
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in case after case that the composition of the "other"” input bundle varies

with the incidecnce of secondary schooling in the farm lzbor force. His

‘conclusions reinforce the Nelson and Phelps (1966) contention that educa-~

tion enhances innovative ability as he demonstrates that the use of
modern, as opposed to convcntlona1 inputs 1is positively related to educa-
tion. In this context, innovative ability is one dimension of allocative

ability.

_The Case of Agriculture , 4 . . .

The empirical analysis of factors detcrmining the productivity of
schooliné is restricted to agriculture in the United States. There are
two good reasons for dolnb so. First, the aata.are fairly aceessible.
The effort of others, part1CUlarly Griliches in his work on the sources

of measured productivity growth (19G63a, and 1963b, 1964) shecws nany

relevant considerationss also the work of Evenson (1967, 1068) refines
some aspects of the orlolnal Griliches measures. The ablllty to build
on.this kind of empirical foundation does not exist outside of agricul-
ture. The second reason is that U.S. agriculture is highly dynamic
technlcall}. The well-known concept of the farmer on the treadmill
places peculiar emphasis upon innovative effort. A rapié rate of
Ytechnical change' together with an inelastic apgregate product demand
implies that there is continual pressure on some factors, particularly

labor, to leave agriculture, and the ability to stay current vith respect

to productive techniques determines whethar a firm will exist in the

long run., While these factors favor the sclection of agriculture, there

4s one shortcoming.

Agriculture ie‘probably atypical inasmuch as a larger share of the

productive value of education may refer to allocative ébility than in
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most industries. Fafminé usually includes a diversifiéd set of activities
for which allocative decisions are made continuously as part of the ﬁorﬁal
routine. In other industries, thé jobs of a large portion of the work
force do not involve decisions for which p;ices are‘relevant. Too, in
most industries jobs performed by persons with different education are
more sharply differentiated than in agricuiture, and, in these cases,

the physical pfoductivity.of educatioﬁ is more'easily understood. In

. agriCUlture; differences in job complexity associated with éifferences in
educatioﬁ are less noticeable, and the product of education is more

likely to be associated w1tﬁ alloc;tive efficiency. Does education

enable one to pickmore grapes or do a better job of driving a tractor?
Even if it ‘does, these vyorker' effects are probably small when compared
with the considerable differences revealed in income. Allccative ability
plays éﬂkey role iﬁ determining cducation's preductivity in agriculture
and is. most relevant in a dynamic setting -

The ;elevance of dynamical factors is stressed by Schultz (1964)
when he suggests that, in econonies in which agriculﬁurél production is
accomplished almost soley by the use of "traditionél" factors, theré.isr
reason fo believe that factors are more efficiently allocated than in
“mogern" agricultural economies. Schultz's interﬁretatlon is that tra-
ditiqhal agriculture is close to an gconbmic.equilibrium in‘adjusting
to relatively stationary techniquéé. Begéuse of this,.judgment; about
factors are based upon extensive oﬁservdtion; the stationary.technology
--guarantecs ample time to cxplorc the ﬁoteﬁtial of factors being used.

In contrast, in a technlcally dynamic agr:culture, a factor may be

- obsolete before its productivity can be fully cxplorcd, terein, I think,

iies the explanation of education's productivity. If ceducated persons

S

™
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are morc adept at critically evalucting ne&land reportedly improved
inéut varicties, if they can'distinguish more quickly betweenAthe's}s—
tematic and random eléments of producti&ity responses, then in a dynamical
context educated persons will be more productive. Furthermore, the
extent of the productivity differentials between skill levels will be
directly rel;ted-to the rate of flow of new inputs into agriculture.

In the empirical_analysis.that follows, 1 ;oncentrate on determinagts

of relative wages among three skill classes: college graduates, high

school graduates, and persons with one to four years of schooling (func-

tional illiterates). As is described in Appendix A, laborers in

ijnterrediate classes are treated as linear combinations of persons in

‘these three classes. For example, a person with eight vears of schooling

is "counted" as 0.46 of a person with one to four years éf schiooling,

0.53 of _a high school graduate, and so on for. the schooling classes:

0, 5-7, 9-11, and 13-15 years. Wages refef fo males 45-54 years old,

and the associated number of persons in each skill‘clags refer; to a

white male, 45-54 years old, equivalent wage eéfner. It is assumed

that a laborer's wage is his mgrginal product from an underlying produc-
tion process of value added by labor and inputs supplied by farms. XNon-
labor inputs-include a measure of the flow of services from lan&, nachinerr,
and livestock inventories. Purchased inputs are excluded.

The measure that I use for the rate of flow of new inputs ig a

weighted average of expenditures per farm for research over the past nine
years. As a measure of the availability of information . about new inputs,

I include an average over the past four years of the number of days spent

{per farm) on farms by state and federal extension staff.

P
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The unit of observation is the "state'" of which there are forty-nine.

‘The thifty-nine "states" used by Griliches (1964) are included togecther

with a breakdown of ten Southermn states3 into white and nonwiites. The

white-nonvhite specificatien is in recognition of the segregation of the

Federal Ixtension Service prior to 1962. While factor ratios and research

-

are treated as the same level in the white and nonvhite sector of each of
the ten states, the extension variable refers to days spent on white and

nonvhite farms, respectively.

“Table 1 proviaes estimatcsiof factors af ectlng relative wages in
agriculture. Although coefficients on inputs are reported separstely,
the equatlons are estimated using factor ratios so that the sum of the
coefficients on the inputs is constrained to equal zero.. All varlables

except resezrch and extension are in logaritnms.
In-Table 1, regression cquation (1) and (2) raise as mzny questions

as they answer. Notice fh;t in cach equatioﬁ‘the coefficient estimates
indicate that the relative'ﬁroductivity of a college éraduate is increased
by increasing the number of college graduates, although-pot "sigﬁificantly"
so. There is anqthér peculiarity of these two‘equations. In equaticn (1)
an increase in the number of functional illiterates reduces the wage of
high school relative to college gfaduatés. In equation (2) an increase

-

in the number of high school graduates increases the wage of functional

illiterates relative to college graduates. That is, high school graduates

. o @

3

The states are Alatama, Arkansas, Georgia, Loui51a1a, Mississippi,
North Carolina, South Carolin, Tecunccsee, Texas, and Virginia.

For an enlightcning discussion of the semregation of the Federal
Extension Service, sce U.S. Commission on Civil Rights (]96))

LI

.‘\
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Tablg 1

Estimateé of Factors Affecting the Productivity of lore Relative to Less
Schooled Persons in U.S. Agriculture, 1939

.

Dependent Variables

| W ¥ W
Independent Yier/M12 . Mie4/71-4 ¥12/M1-4
Variables (1) (2) (3)- (%)
1. Functional illiterates .054 442 .388 .359
‘ (.037) (.048) . (.03%)  (.038) -
2. High School Craduates - .034 -.426 -.460 1 -.359
(.084) (.109) (.089) (.038)
-3, College Craduateé - 048 .062 1,014 e
’ (.064) © (.083) (.068) )
4. Nonlabor inputs ’ ‘ -.136 -.078 ~ .058 :.;
_ : i (.034) (.045) (.036)
5. Research expendituras ' _ : - ) : ; A
{($00) per farn . .056 .179 .123 " e
) . (.094) (.122) o (.100)
6.'Day per farm by extecnsion - ‘ -
Personnel -.130 -.136 -.006 caee
' (.078)- (.101) ~ (.082)
7. Nonwhite ' .38 -.122 -.260 -.281
. ' (.043) (.056) (.045) (.045)
8. Intercept 1.742 2.008 - T 266 744
R ot .578 737 .722 671
Residual sum of squares ) : ) | . .
(degrces of frecdom) 436 «737 . 486 574
E ’ : (42) (42) (42) - - (46)

Note, Subscripts indicate years of school completed. Standard errors of the
coefficient estimates are in parentheses. Variables other than rescarch, exten-
sion, and nonwhite (a dummy variable) are in logarithms.
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Definitions of Variables: ’ . <:

1. Wages. - Wages refer to total income in 1959, for males with
income, age 45-54 years. The estimation procedure is discussed in the
Appendix. - ’

2. Humber of persons. — The number of persons-in each schooling
class is estimated in terms of age constant, white, male equivalent
earners. The estimation procedure and tlhie procedure for reducing the
schooling distribution to three classes is described in the Appendix.
The procedure described there results in estimates of number of persons
in the rural farm population, not in the farm labor force per se. To
adjust for this cverstatement of numbers of persons, the number in each
schooling class was multipiied by the ratio, R, for each state. Ihere
R = number of employed wmale farmers, farm managers, farnm ilaborers,
and foremen .in 1960 divided by the number of rural farm rmales emplcyed
in 1960 (1960 Census of Population, tables (s) 121). The national
average for this ratio is .955. '

3. Nonliabor inputs supplied b farms. - A linear aggregate of the
estimated flow of services from land and buildings, machinery, and i
livestock inventories. The measure includes: 4

a) 3 percent of the value of farm land and buildings. The
land and buildings variable is taken from Griliches (1964). 1iis series
adjusts for differences in quality of crop, irrigation, pasture land, and
so forth, using relative prices for 1“40 A uniform price index zdjust
ment was used by Crili cne Lues 1in 1 59 doilars, and I
[ 49
c

(a3
o
”y
)
A
o
»
7
P

s
7 1,69 (the 38-1942 price ind
a ar

9 dullars. The 3 p
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ieA H-:s ey |

£
[
b
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1 by c »£ th

wm real esta o that wvaluve is in 195
refers to zan assum d 8§ percent cempetitive ra
and an-assumed 5 percent rate of appreciation in farm real estate va

. b) 15 percent of the value of machinery on farms. A measure
of the value of machinerr on farms is constructed using price indexes sup-—
plied by Kislev (1965) and Census of Agriculture estimates of the stock
of machines on farms. The 0.15 refers to an assumed average machiine life
of ten yecars and an 8 percent rate of interest.

¢)8 percent of the value of the livestock inventory: U.S. Census

cf Agriculture, 1959 estimates. 4

4. -Rescarch per farm. - A veighted average of total research expen-
ditures refer to all federal and state expenditures by Census of Agri-
culture number of farms. Resecarch expenditures refer to all federzal
and state expenditures (including farm management researci). These data
are provided by Evenson (1968). The annual weights are: .04, .08,
.12, .16, .20, .16, .12, .08, and .04 for the years 1959 to 1951, -rcsectively.

5. Days per farm by estension personnel: A weiphted average over
.four years of the total days spent by cxtension personnel in eipght selected
activities divided by Census of Agriculture number of farms. The-
included activities are: crops, livestock, marketing, soils, planning and
management, land, buildings and macnlncry, and ;or;stry These data ar
obtained from unpublished reports of the Federal Extension Service. The
annual weights are: 1/3, l/J, 1/6, 1/6 for the yecars 1959 to 1956, respectivelr.
For the Southiern states, days per farm is computed from scparate statistics o
for the Nepro and white extension services, and number of farms similarly
refers to Negro and white farm operators.

In the Southern states, the number of persons in a schooling class
refers to the nunber of whites plus the product of the number of nonwhites

and the relative wage of HOUWhltCu. ‘This number is interpreted as "white"
equlvalent laborers.

(
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enhance the relative productivity of functional illiterates, but func-

tional illiterates detract frem the relative productivity of high school
graduates, Strictly speaking these reéults are not necessarily contra-
dicto;y because the coefficient§ refer to fhe elasticity of the relative
wagé of two factors with respect to a third and are nct transitive.
Nevertheless; this result is contrary éo the usual interpregation of
factor substitutability and questions the form in which equations (1)
and (2) are specified.

Before discarding these two equations,.consider the remaining results,

In each case, nonlabor inputs supplied by farms detract from the relative

- productivity of coliege graduates. Too, the evidence is that research

~activity, the rate of flow of new inputs, enhances the realtive produc-

tivity_of college graduates and that” extension activity, the flow of
1nfornm§}on cbout new inputs, detracts from the relative productivity of
college graduateé. This is as it should be.; If education enhances the
ability of a producer to decode informafion aﬁout the bfoductive charac-
terisfics of new inputs, then the more raﬁid the rate of flow of new
inputs, the greater will be thé productivity differential associated

with additional education. Further, if the advantages associated with

added education refer to a differential ability to acquire and decode

. Information, then an activity of disseminating information (extension)

can short-circuit the gzains to education. In a sense, the Exten%ion
Service may serve the pdrpose of overconming the disadvantages.gssociated
with insufficicn; schooling., Unfortunately, the effect of extension
seems more apparent than real, inasmuch as in considering a (hopefully)

superior specification of equatiéns (1) and (2), the cffect of extension

disappears.
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"-Regressioﬁdequations_(3) and (4) provide thé most valuableiinfbrma—
vtion of.Table 1, 1In fact, equation (3) is implied by equ;tions (eD) and
(2) and can be calculatéd simply as equation (2) 1less (1): Neverthéless,
| when (3) is compared with (4), the evidence is that the wage of high
school graduates relative to functional illiterates depends neither
upon the number of colle@e graduates,‘theIQUan;ity of nonlabor inputs,
research, nor upon extension activities. Equation (4) is estimated with
the constraint that the coefficient on each of these four vériables is
" zero. ‘Deleting these variables reduces R2 by onl&..OSl.(from .722 to

.671), indicating that the partial R2 of these four variables with the
relative wage is .16. 1In testing for the joint significance gf these
variables, the the computed F(A,AZ) statistic is 1.90, whereas the _
associated critical value of T at a confidence level of .05 is 2.59.5
I therfcre accept the hypothesis th#t the marginal rate of substitution
(assumad equal to thé reiaéive wage) of funciional illiterates for high
school graduates is a function of the ratio af high school graduates to
functional illiterates only. Under this hypothesis the‘coefficiént on

the factor ratio, .359, can be interpyeted as én estimate of a special
kind of elasticity of substifution; It is not the.partial elasticity

in its most general form, but is'is the elasticityibf the factor ratio
with respect to the marginal rate of sbustitution. The point estirate

of the elasticity of substitution is 2.8 (the reciprocal of .359). The
evidéﬁce here is that the e}asticity of substitution between ;@g;e classes

is siguificantly different from unity so that the commonly used Cobb-

Douglas and lincar-forms for combining inputs seem inappropirate.

: 3 The test that a subsat of coefficieat in a regression equation is
“equal to zero is givén in Craybill (1961, "pp. 133-40),

N
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.‘;SolowA(l956), a la tﬁellﬁontief separability theofem, has-poin;ed
out that, if the marginal rate‘df‘su%stitution between two inputs is
independent of otherlinputs, prodﬁction can be considered as a multistage
process in whichlthc twvo are first combineg into an.intermediate good
which'is then combined with other inputs to form the final product. The
evidence here is that functional illiterates and high school graduates
can be aggregated intp an intermediate good. Call iF "conventiona%'labor”
in contrast:to the "modern" skills acquired in college. If the production
process is viewed as a nested C-E-S function of the form suggested by
Mundlak and Razin (1967) agé if high school graduates and functional
illiterstes belong in th; same subaggreéate; theg equation (&) is cor-

N
rectly specified, and equations (1) and (2) are not.
Table 2 provides estimates of régréssions vhen high school graduates

and persons with one to four years of schooling are aggregated using the

" C-E~S form into conventional labor, CL,_and.the wage is estimated as

the average cost of CL. The aggregate is: . : -

— ¥ —B - N —B —1/8 ) N
oL = on;+ - an?))
l1+8= .35
5

,loge(ﬁ = .744,

vhere le Nl-4 indicate the numbers, respectively, of high school

-

graduates and functioqal illiterates. The wage of the aggregafeiis'

computed as . ’ s

R T VAl A
cL CL ‘

W

These results appear supérior to these provided in cquationsr(l)
and (2) of table 4. The major change in specification is the form of

the labor variables, and coefficients on labor inputs have much smaller
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Table 2

Fstimates of Factors Determining the Productivity of College Graduates

Relative to Litorers with Conventional Skill, an Aggregate of Functional
Illiterates and High School Graduates, in U. S. Agriculture, 1959

Depcndeﬁt Variables, the Relative Vage

Independent Variables L 2) (3
1. The aggregate of functional
illiterates and high .
school graduates .699 © 699 .711
| (.062) (.061) (.081)
2. College graduates -.377 - =.377 -.711
: (.084) (.084) (.081)
3. Nonlabor iﬁ?uts -.322 —.322 vea
' ' (.056) (.055) ces
4, Rescarch expenditures ) .
{800/ farm 485 .482 .663
5. Days per famm by extension :
perSOHHEI -0009 s e n’ L)
6. Nonwhite -.637 -.637 -.540
"(.084) (.079)
7. Intercept '1.167 1.157 -2.314
R .803 .803 648

Note, - Standard crrors are in parcentheses.

logarithms.

Inputs and wages are in
The equations are estimated subject to the constraint that

the cocfficients on inputs (excluding research and extensicn) sun to

Zero,

For definitions of variables, see the notes to table 4.

-

N

()
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standard errors relative to the estimated coefficients than in the earlier
equat ions.

1f the average cost of the combined high school graduates and func-
tional illitefates is considered as the marginal prdduct from an under-
lying production process, then the relations between the wages (marginal

products) of high school graduates and functional illiterates are given

as:
aCL
W,, =W, = : '
12 CL odlz -
and
;W oCL

. 1T4- CL 3N1_4

From this it follows that equations (1) and (2)'of table 4 should be:

Mier  Yier . (“12) 143
Wi, Wy ~cL ) '
and - .
M6 _ Y16+, . t1-g 1P a
Tl Sl o) '
1-4 CL :

Since the function H16+/

estimated in equation (4) of table 1, estimates of these relative wage

WCL is eStimatéd in table 2 and (1+32) and S are

equations are easily derived. Too, when viewed this way, the misspe-

cification of equations (1) and.(Z) of table 1, is obvious. The variable,

”

conventional labor, is simply left out.

-

_Thus, table 2 together with equation (4), of tablel, brovides an

internally consistent set of estimates of factors determing relative

l'wagGS'in agriculture.

In table 2, eqﬁatiou @) indicaﬁgs that extension activities are

--not important in determining relative wages, and equationm (2) presents

the regression estimates when this factor iIs deleted. It represents my

J



: a -20 -
"pest" estiﬁate of the eqﬁaéipn. The third column also excludes non-
1abor inputs-to provide an estimate of the long=run (since other factors
are left free to vary) eiasticity éf substitution between college gracu-
ates and conventional labor. That estimate is 1.41'(the‘reciprocal of
,711).

One important by-product of these estimates is that the marginal
~ rete of substitution betwgen college graduates and other labor appears
to be significantly related to the quantity of nonl;bor inputs. As
such, it does not appear that all forms of labor can be aggregated into

- a single input.

From regression equ;tion (2) of table 2 .the coefficient on research
can best be interpreted by asking the-qucétion: What would happen to
the réig;ive vare of college graduatés if the rgsearch variable were to
Become-éero? At th& camples geometric wean, the wasse of college
- graduates relative to high schocl graduates is 1.62, and relative to func-
tional illiterates it is 1.75. The sample mean value of research expen-
ditures per farm is $26.74. 1f this value vere to fail‘to zero, the
estimate here is thgt the relative wage in each'casé would fall by about
14 percent or to-l.39 and 1.50, respectivelyf Thus, about one-third of
the produc;ivity Jdifferential between college graduates and either high
school graduates or functional illiterates is diéectly attributable to
research. In fact, this is probably an understatement of the ifwpact of
research, If productibn vere to become tcchniﬁally staticz, ggéﬁtually
the productive characteristics of all inputs would become fairly well
understood. ?his cowrmon informgtion would be passed by word of mouth
from one generation of fgrmcrs to the nc;t, ard under such conditions

it is difficult to understand how education could enhance allocative

efficiency. In a dynamic setting discretionary abilities may be the key

Y
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to allocative efficiency. In a static setting these abiliﬁies seen
unimportant;

That the partial effect of nonlabor inputs supplied by farms is
negative (with respect to the réiative wagé of college graduates) is
conéistcnt with many explanations that cannot be distinguished with
these data.6 "It is likely that the préductive characteristiés of land,
buildings, machinery,and livestock (the supplied inputs) are more com-
monlf ungerstood.than are the characteristics of the purchaéed inputs,
seeds, cormercial fertilizers, pesticides, and so forth. 1f true, we

would expect farmers who are adept at assessihg the productivity of

larger share of their input bundles to modern inputs than would farrers

less certzin of the capacities of rodern inputs; and if this is- true,

a plausible explanation of the negative effect of supplied inputs is

that, fqr college graduates, the productivity’ gains associa;ed with

increments in supplied»inputs are less than proportioné;e to relative
wages. _Redall that, at the sample mecan, the relative wgge of college
to high school graduates is 1.62. For supplied inputs to be neutrzl

between high schoocl and college graduates, the rate of increase in pro-

One possibility is that, given existing factor and product prices and
the quantities of labor inputs, there will exist a corresponding combina-
tion of nonlabor inputs that is optimal. Call that cembination” K*. TIf we
assume that the farm enters the production period withh K of these  inputs
(K denotes the inputs supplied by the farm), then X* - K remain.to be pur-
chased, 1If more educated persons possess superior allocative ability, the
gains to this ability will be positively related to the '"room” for selecti-
ing inputs, that is, to K* - K, and will therefore beregatively related to
K. 7This, of course, is true only if K% is independent of K, which secems
unlikely, and if the "superior' allocative ability is superior only in the
short run., Otherwise, this ability would be reflected in the previous
sclection of K, - :

. L SN .
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ductivity of céllege graduates from increments in supplied inputs vould
have to be 1.62 times tﬁe corresponding rate for high schbsl graduaﬁes.
The evidence here is that, Mile it is possible that an increment iﬁ
supplied inputs jncreases the productivity of colleée graduates by more
in absglute terns than for less schooled perscns, the ratio of the
absolute increments is less than the prevailing relative wages. College
graduates presunably get the added leverage (that results in relative
wagesvbeing wvhat they are) through the use of other inputs. 

~since the effects of extension activities appear néutral, that is,
they do nbt seem to alter relative wages, & question arises as to wvhether
the nonwhite"séates" should be inclﬁdcd in tbe analysis. 'Thi; is because
extension is the only varizble other than the durmy for the "level effeét"

distinguishing the Southern white and nonwhite observations. To "test”

for the-sensitivity of the ccefficient estimates to the nonwhite obscrvations.

the regressions presemted in tables 1 and 2 are estimated for the thirty-

nine white "states' and are orovided in the Appendix in tables & and 5.

There is marked agrecment in the two sets of estimates.

Summary

—_—

The role of education in producticn is.stregéed here, showing that,
while it can be considered as any other factor in the sensgthat it may
directly contribute to physical product, the cffects of allocaring other
factérs must also Le recognized. 1If education enhances allchéive ability
_.in the sense of selecting the appropriété input bundles. and of efficiently'
distributing inpﬁfs between competing uses, fhc return to this ability is
. part of the fc;&rn to gduqation. The cmpirical'analysis refers to deter-

v

minants of relative wdges in apgriculture. |

B

p
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The evidénce is that, while factor ragios'are important, much of
the "leverage' associated wiﬁh added schooling is drawn from the dyha—
mical implications of changing ;cchnoloéy. But this appears to hold
only .for skills that result from coilege. Relativc.wages for persons who
have not attended college are determingd by labor ratios only.
Considcr-the effecgs of rescarch on the retufn to college education.
Research expenditurcé per farm che $4.30 in 1940 and $28.40 in 1959.7
Based on coefficient estimates in tablé 2, 1if resgarch were éo fall from
$28.40 to $4.30, holding factor raﬁiqs consfant, the.relative vage of

college to high school graduates would fall from 1.62 to 1.43, indicating

.that about one-third of tﬁe vage differential would disappear. Tco,

‘purchased inputs have becore relatively.more important. In 1939, inputs

purchased from other industries accounted for 38 percent of agricultural
(]

. . . 8 .. .
output, and by 1959 the sihare had increased to 48 percent. This trend

should have increased the role of the innovator—-allocator.

7Constant 1959 dollars (Evenson 1968).

8 ) .o . '
Agricultural output excludes the intermediate goods, feed and

-
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II. Returns to Scale in U.S. Apriculture

One result commoﬁ to virtuall& all estimates of aggregate productiop
functions for U.S. agriculture is that'larger farms.are rore efficient
than smaller ones.9 In Griliches' (3) aceounting for growth in measured
productivity, 1940-1960, more than one—half of the total gain is attri-

. buteé to increased farm size. There are a number of.gg_ggg arguenents
that can expiain coincident productivity growth and econonies of scale.
For examﬁle: technieal change is embodied in large, indivisible inputs -
the productivity of machiner§»increases rore rapidly with size than do
machine costs. Also, in;egration of many acfivi;ies within a sihgle
managerial unit can reduce transaction cost. Finally, there is a sys-

tematic relationship betveen farm size and the activity mix. Possibly

productivity advances have most effected products and inputs om waich

" larger .firms are more depeﬁdent. But, is there any prima facie reason
to expgct_these relationships? o s
An alternative view is that scale economies exist ané persist as
part of the purely technical relationships of farm p&oduction. These .
ecoﬁomies are not a byproduct of productivity advance; instead they are
ﬁhe vehicle of this advance. .But if these economies have always existed
why have farmers waited so long to capture the returns to size expansion?

Yet another view is that productivity.change, changes in the rules

of the game, create production uncertainty and there are scale economies

9Sce the Griliches summary (4), Hluer (5), Madden (8) and Tweenten
(12). Kislev ' (7), in the introduction of-his paper, cffcrs an interes-
ting summary of the scale evidence for micro (farm-level obsurvations)
and macro (state agregates) studies.
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{n using information. A model of this sorf‘is described in the preceding
chapter. Bécause of technicél change, actual costs of produétion exceced
mininum possible costs. Excluding appoftunitics for acquiring informa-
tion, the percentage descrepanc§ betvcen asctual and minimun cost is |
1nde€éndent of scale. That is, since the relative cost of 1"norance is
independent of scale, the absolute cost is proportionate to scale. When
opportunities for acquiring information are considered, if cost-of-infor-
matién is indepeﬁdent of scale it is clear that it will pay larger firms
to purchase more information. Further, for the cémbined cost function
which adds information cost to exp11c1t productlon cost, the ratio of
'averagé to ma;ginal‘cost is greater at evéry 1evel of output than for
_either the "most efficient’ cost function or for the cost funcﬁion thaf

ignores information opticns. This situation is depicted in figure 1,

vhere . .. ' . .. C_k(l'l"ﬂ,\}

Avesnq®
CosV

)+ Y

Figure 1

™
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growth offers incentives for size expansion.
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C* reprcscnts average cost when costs are mininized, r, is the cecteris

parabus level of ignorance - the proportionate discrepancy between nini-

mun and actual cost that would cxist if there were no oﬁportunities for
acquiring information;‘ The full cost function, C*(i+r) + ¢ g(-r),

includes the current cost of information ¥ g(-r) and realized produ;tion
cost C*(1+r)., The C= and C*(1+ro) functions are minimized at X and the

composite cost function is minimized at output, xl.'

Suppose that a technological innovation shifts the cost function

for all firms in a perfectly ComﬂetlLlVC industry downward from C*(l+r )

to C*, but that flrns can reallze thls cost saving only by adopting the
new technique.. First, if no new information.is»availablc,}thgre is no
effect - firms will simply continue producing as before. With informa-
tion purchasing opportunities firm siée.will orginally organically expand
and will_ then return through time to its original level as r, falls as

a result of prior in&estﬁegts in informatidn; .If, on the othgr hand,
technical change occurs continuously then ;o is an index of the pace of
change; In the ielson-Phelps ( ) termninology, it is the "technoiogical
gap". The larger th; technological gap the gréater is the return to
investing in information. If inféfmation costs are independent of L
the pace of chauge, then the grgatér is the changeifhe greater is the
scale bias (the discrepancy between xi and xo) assogiated with invest-

-

ments in information.

In Table 1, post-World War II trends in farm size and aﬂrlcultur

v o -

producpivity are summarized. The important evidence is that in periods

during which productivity was advancing most rapidly, farm size was

growing most rapidly. This is at least suggestive that productivity

v . N

f
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Table 1

Trends in Farm Size and AGricultural
" Productivity, 1945-64

A

. Gross-— , OutpuE Growth (percent
Numbers of Reccipts ner unit | per Xgar)
Farms per Farm Inport T Receipts | Output per
(millions) | (1957-39%) | (1957-55=100) | per Farm | Toit input
Year . — —
. ‘ : -
1945 5.9 5,240 82
i . 1.7 0.7
1950 - 5.4 . 5,680 85
4.9 1.8
1954 4.8 6,830 91
) . : 8.2 2.2
1959 3.7 10,220 101 .
' 6.2 1.6
1964 3.2 13,780, 109

The price

i
SATINETS

Source: Various issucs of ég;}cu%pg;al Statistics (15).
deflator is the U.S.D.A. index of prices received by £

E .-
. =

1y purpose here is to examine determinants of returmns to scale in

U.S. agriculture with special reference to scale economies in the use of

information.

Scale Ecoﬁamieé: Although the concept of scaie econoni.es is-useé in
various Qays, one consistent theme is that iﬁ a2 competitive industry the
existence of returns to scale is taken és a signal of‘diseduilibrium such
that.adjustments result in larger firms Qith iower unit costg.-.uhen the
term; scale economics, is used? T mean simély that larger firms have a
comparative advantage over smaller ones. In the case of a s;ééle procuct,
scale cconomies exist if average cost is falling, and if firms produce

multiple products,scale economies refer to the cost/revenuc ratio declin-

ing as total cost or revenue rises. 1 assume that firms are competitive
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so the -existence‘of scale economies implies that something in the total

environment has changed to the relative advantage of larger firms and

" that adjustments have not exhausted this advantage.

To allow for the production of more than one pfoducf, aggregation
is necessary. The assunption here is that firms are efficient in the
sense that revenue is maximized given cost so that for given market con—
ditions (prices) there is a functional relationship between revenue and
cost. If a ﬁarginal expénditure on any givenlinput is allocated to
produce a particular product the efficiency requirement is that an alter-
native allocation not exist thatwouldpfoduce more marginal revenue.
If the quantity produced:of one product doesinoé depend upon the allcca-
tion on inputs to another thenm competitive firms will specialize in
producing a single product whenever marginzl costs are félling. Diversi-

fication occurs when preduction functious are interdependert or for inde-

.- pendent preduction functions whenever marginal costs (deflated by narginal

. . 10 ' e ee o s
revenue) are rising. The revenue constant cost minimizing condition

is that the ratio of marginal cost to marginal revenue be common among

all products and that the ratio of marginal factor cost to marginal

factor revenus be common among all inputs in the production of all com—
modities. If these conditions are satisfied and production is diversi-

”~

10There is an exception for the independence case. 1If marﬁinal cost
(deflated by marginal revenue) is falling for one product at a slowver
rate than the appregated deflated marginal cost functions for. 3ll other
products is rising, then the firms can reach a diversified equilibriun
for given total cost. But in this case as agpregate output expands the
expansion is accomplisiied by increasing production of the product with
falling marginal cost and reducing the roduction of all other products.
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fied the fimm's aggfegated marginal cost anction must‘be rising.11 Thus
.for anal?zing scale economies in which average éosts are falling we are
gestricted to the range of production in wh;ch marginal costs are rising.
This, of course, corrésponds to levels of productio; in which short-term
equilibria can be establishéd but not maintained in the longer term and
points to the linkage between the presénce.of scale econonies are pres-
sures to adjust firm size. ’

?hioughout, scale elasticity is defined as the elasticity of revenue
'withhrespect to cost and scale'économies exist whén thi; elasticit} is
greater than unity. Tor a -single product the scale elasticity is the ratio

of average to marginal cost and if the production function 1is homogeneous,

this measure is the degree of homogeniety.

Table 2 reports measures of farm size for the six cormercial classes

an
il

i 14
of farn épecified by the U.S. Departzeat of agriculture’” when fara s

(1

-
s

e

is measured alternatively by total output and by total inputs. The third
row gives the normalized cost/revenue ratio and the fourth reports the

elasticity of revenue with respect to cost between size classes.

11The aggrepated marginal cost function is defined as the horizonal
summation of the individuval product marginal cost functions when each is
deflated by its marginal revenue .and the quantities being summed are either
total costs or total revenuecs.

12 e .
*“For some purposes, large scale farms, having sales above $100,000
are distinguished. Tor economic Classes 1-VI, respcctively, stratifica-
ticn is based upon the valuec of farm products sold as: $40,000 or more;
$20,000-539,999, $10,000-$19,999; $5,000-$9,999; and, $50-52,499 with
operator under 65 and working off farm 100 or morc cays. Farms dubhed
"non commercial® include, Part-time: farms with sales of ¢30-82,499
whose operators work off the farm more than 100 days. Part-retirvement:
farms with sales of.$50-$2,499 with operator 65 vears old or over. And,
abnorml: institutioaal (hbspithls; penitentiaries, schools, cte.) and
Indian reservations. ' '

-

v . R

7.1 e too

£\
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.As reported, the normalized cost/revenue ratio falls fron 2.63 for

.

the smallest class of commerical farms to 1.61 for the next srmallest

class, giving an interval elasticity (computed from row 1 and row 2 as

the percent change in revenue relative to the percent change in cost)

of 2.21. As farm size increases, the scale elasticity falls consistently

to a low of 1.18 for a comparison of the two largest size classes.
Confrigggggg_ggctorsr I assume that scale economies exist because
changes have;occurred and perhaps are occurring that give comparative
advantage'to larger .firms and that adjustments in firm size have teen
insufficient to exhaust thesé advantages. Thus an explanation of why
scale economies exist islin fact an answer té the question: that changes?l
Here two sources of pro-scale bias.are explored. The first feeds

upon the scale-free aspects of information and the second is z discussicon

of how differences in input and product mix alongside changes in prices
..

-

Information: In the context of U.S. agricultrue wheré relative
prices are:éhanging and there is a continual stream of new and reportecly
improved input varieties and technique;, it would be.surprising if entre-
preneurs -were consistently able to maximize ex post profits. Instead,
misgakes occur and are costly and the anticipation of these mistakes
Jeads to a demand for information. 1f the value of knowing tﬁat A is

-

superior to D is in direct proportion to the use of A or the non-use of

B, scale economies in using information exist. cee

Measured scale elasticities are related to interaction between rates

of change in educational levels of farm operators (as a function of farm

size) and public expeunditurecs on agpricultural research for evidence of

this scale~information relationship. Farmer education 1s seen as a shift
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operator on the shoft—term information costifunction, and from a iong—
run perspective the opportun{ty cost of education is an argument in total
informational cxpense. That opgrator eaucation is closely related tg
farn size is evident in Table 3 where the distribut{on of school comple-
tion levels of farm operators by economic class of farm is summarized.

Notice that

Table 3

Schooling of Farm Operators by
Size of Farm, 1964 .

Economic Class of Farm
[
lLarge ScaleClass 1 | II 111 IV \' Vi
Percent {Sales cf llass large ! '
Who  1$100,900+) lscale Farms_) 1
Did not .. .
attend .
Highschool 20.4 "23.4 29.51 39.2} 49.6 {54.7{ 66.9
. Completed
.at least
one year :
of college 31.9 . 22.1 14.6 1 10.1; 8.5 3.5 5.5

Source: Census of Agriculture 1964, volume II, ch..6.

three of ever; ten farms with sales cxceedihg $100,000 in 1965 are managed
by peréons vho have completed at leaStAone year of college aud’oﬁiy one
in tweAty operators on the smallest class of cémmercial farms haa.attcnded
college. |

| 22922535193; It is trite but true th&t if the price of a purchased

input falls, the firm that otherwise would have purchased the most of

'that input will have the grecatest reduction in cost.. It is also truve

-
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that the firm spending the greatest proportion of total cost on that
1nput.wiil as a result of the reductionin its price realiié the greatest
proportionate decline.in cost. Thus when prices change; comparative
advantage shifts among firms in inverse prdportion to cxpendi&ure or
revenue share of the inputs or products whose prices are changing.

pefine the scale elasticity as

c/
s =55

wherc C/y refers to average cost and A is marginal cost: let Py refer

to the price of the i-th input in the production process y - £(x); X =

{xl,...xn}. Using the notation Ea = d{ln a) so that %% is the elasticity

of a with respect to b, we have

ES _EC/y _ EA_
Ep, Epy - EPy

It is well known thaq-holding output censtant, %_§£X = ki, the
_ - : i -
expenditure share of X Further, from Samuelson (12),

dx | dx,
dy

yy all
other prices

all prices

So that

A, o4 '

Epi i EC -
wheré C refers to total cost. It is alsoc obvious that PR

EC EC '
on combining terms,

EK
.- ES .-k i .

Epi . i EC

gl



' This result is intuitively obvious: 1If the expenditure share of Xy

increases with firm size the scale elasticity is increased by a reduc-
tion in Py

A.similar result can be deduced for the case of non-neutral tech-
nicél change. The simplest specificatibn of technical change is in
terms of input qualities. Let tﬁe production process be specified in
terms of effective input quantities which are nomina% quantities nulti-
plied by quaiity, ie., y= f(x*); x* = {xi*...xn*}, where Xy = agx; .
Now with respect to costs of production, a one percent increase in 9

holding constant all prices is the same as a one percent fall in Py

holding quality constant. So it must be true that

Es _ _IS_
Ea;  Epy
In the classic case of perfect competition zll firms in an indus-—
try are scalar replicas of each other. In this case, Tc " 0 because

cost expansion occurs only with the addition of new firms and comparative
advantage is unaffected by external changes in either'pfices or- technique.
In U.S. agriculture, the evidence is contrary to the.classic'case. Large
firms differ from smaller firms in many respeéts other than size: they
simply produce differcnt products using differént inputs. Because dif-

~

ferences in composition of input and product bundles_are related to
farm size, scale economies will vary as prices vary. In Table'A;jthe
composition of revenue and production cost is summarized for eaclr of the
Census economic classes.

The most striking featurc.is that larger farms are much nore depen-

dent upon farm produced inputs such as feed and livestock than are the

smaller farms. Notice that Class I farms devote 50 percent of their dost
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dollar to farm produced inputs as compared to 9 percent for Class VI.

This points out cne fallacy of measuring size by gross sales. Consider

a farm that raises both feed and livestock. By selling its feed and
feeder calves to ofher farms and then.repurchasing them, its "size”
would be approximately doubled. As measured by gross cost, Class I
farms are seventeen times'as large as élass VI farms. but as ﬁeasured by
cost not of farm produced inputs, the relative size of Class I farms
falls to less than ten times that of Class VI farms.

Within the complex of farm produced inputs, iarger farms are more

dependent on beef cattle and with the exception of the Class I farms,

‘there is an inverse relation between size and expenditure shares for

‘labor. Llarger farms appear more land and fertilizer intensive, while

small farms are labor and machinery intensive.
Tabls 4 also provides a summary cof revenue shares. The largast |

absolute discrepancies are for field crops and beef cattle. Class 1

 farms receive 30 percent of their revenue from field crops and 32 per-

‘cent from beef cattle whereas Class VI, the smallest cormercial class,

receive 59 and 15 percent vespectively from field crops and beef cattle.
A change in relative prices such that the price of beef cattle increases

by 10 percent relative to field crops will increase the gross revenue of

Clasva‘relativc to Class VI farms by about 4.5 percent. )

The Empirical Specification
The analysis is cross-sectional and is based largely upon Census

of Apriculture data -for 1959. First, average scale elasticity is esti-

mated for each of the 438 coterminous states. Then summary measures are

‘constructed to capture some of tlie scale biases-that may have emerged

-
.
.

{

£\
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Revenue and Cost Shares for !ajor Cormodity and
Input Groups by Lconomic Class of Tarm, 1959

Economic Class )
, 1 11 III v | Vv | VI
Percent of- (larg I {(Small)

(¢}
L

1. Revenue from . ,
a) crop sales 47.5 44,8 | 45.2 | 47.51 51.61 63.8
b) Livestock and Live- .
stock products 52.5 55.2 | 54.83 | 52.5| 48.4{ 36.2

2, Cost attributed to
a) Labor including
operator and )

family | © 1.1 21.4 |24.9 | 31.4} 38.8{ 57.5

b) Land, machinery
fertilizer and 7 _

. seced 30.0 41.6 {46.6 | 57.5 % 45.1| 33.7

" ¢) Livestock inven-— - N
torics, purchases,

and feed purchases 48.9 37.0 28,5 | 21.1| 46.1

0
&)

Notes to Table 4 : .

“\

Except when notes data are from the 1959 Census of Agriculture (15).

Labor - The cost of labor is taken as the sum of expenditures on
hired labor and an estimate of the value of operator family lzber. Annual
equivalent farmer labor is one less one-half the proportion of farwers in
each economic class {(except part-time) working off the farm 100 or nore
days. Days worked per ycar are assumed to be 250 for commercial farrs.
For part-time farms, days are 75 and are 150 for part-retirement farms.
This estimate of annual farmer days is then nultiplied by one plus the
ratio of unpaid fenily to farmer labor. This cstimate is repoffed by
Kislev (6) for each state but is not given scparately for the economic
classes. Farm family days are then multiplied by the state specific aver-
age daily wage of hired farm labor (17).

N land - The cost of land is imputed "user" cost. The opportunity
St . cost of capital is assumed to be 10 percent. The cost of land is then .1
less the average annual rate of land value appreciation, in the state,
realized betveen 1954 and 1959 times the ‘reported value of farm lands and
buildings. In cases in which averape annual appreication exceeds 8§ per-
cent, the cost of land is 2 percent of value. (con'd)
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(Notes on Table 4 cont'd)

Hachinery ~ 22 percent of the estimated value of machine inventories
plus expenditures for gas and oil plus expenditures for custom hire of
machine services. The '22" correspouds to a 10 percent crportunity cost
of capital plus 12 percent annual depreciation. The value of machiine
inventories is computed using physical inventories and prices (regional)
reported by Kislev (6).

Fertilizer - Census reported tonnages for fertilizer and lime ad-
justed by state specific prices (6).

Livestocl: - 10 percent of the valuz of livestcck inventcries (60
percent for poultry) plus purchases of livestock and poultry. Lxcept
for poultry, no inventory depreciation is assumed. It is assumed rather
that sales are reported net of lerd maintenance expcnses he proraticn
of livestock and poultry expenses is as follows: Tor poultry farms, the
national average ratio of purchases for livestock and poultry to poultxy
_sales computed (0.39) and for dairy farms the ratio of livestock and
poultry purchases to sales is 0.33. Within each econonric class of each
state the shares of poultry to total livestock sales, S,, and the dairy
share, S,, are cormputed. Purchases of poultry and dairy ccttle are
respectively assumed to be .5951, and .3382, is assumed to be purchases
of beef cattle. .

: Feed, secds and bulbs, plants and trees - Ixpenditures are reported

in the Census.- . . . -

) e 4.



vy

A e

. .

- 37 -

as a result of changing informational demands. A second qlass of expla-

patory variables is constructed to allow for scale economies that

' are associated with size differ

Finally, using the informationa
state scale elasticities are e
squares regressions.

In addition to the statist

correlations between each of th

. and the measures of returns to

ences in input and product compositicn.
1 and composition constructs, estinated

xplained" by a series of ordinary least-

ical question of how significant are the

e information and composition variables

scale there is the related question of

attributing the observed scale bias to these forces. Tor this purpose

a final accounting section is a

cent of measured scale biases,

tional eccnomies, another 55 pe

the 25 percent residual is unexplained.

lotice that to explain sca
expla;n thgm away. The evidenc
increase average farm size. It
increases, aggrcgate.output ris
exercise .is to show that the bl

largely upon very real and rela

_ditions.

et e w6 i

dded. 1t concludes that about 20 per-
at the U.S. averape, is cue to inforra-
rcent is related tLo composition, and
ile economics it is not necessary to
e is overvhelming tgat forces exist to
also appears trﬁe that as average size
es relative to input.' One purpose of this
ack box of productivity advances is based

tively simple changes in underlying con-

~

Scale Elasticities: The underlying Census data from which” state

specific scale elasticities are
nomic classes. For each class,

all products. Data-are not ava

- ment payments, the wvalue of honm

the rental value of home dwelli

A} -

estimated stratify farms into nine eco-
revenue is defined as sales per farm of
ilable to permit the inclusion of govern=

e consumption, changes in inventories, or

nps. The exclusion of these terms may
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result in an upward bias in measured returns to scale since they pro-
' - 13
bably account for a larger proportion of revenue for smaller farms.
Also, the stratification of farms by revenue pernits the regression
s ~ 14
fallacy and adds to the upward bias in measures of returns to scale.

Becausc of these factors, my estimates are considerably higher than

those reported fron the aggregate production functions. Nonetheless,

the purpose is to analyze state—-to-state variations in returns to scale

and if biases introduced by stratification and incomplete revenue speci-

fication are not systematically related to the explanatory variables

then regression estimates (other than the "intercept”) will be unbiased.

The state specific estimate of scale econonies is the slope coefficient
from a regression of the logarithm of revenue on costs, where costs are

estimated by adding to out-of-pccket expenses, imputed cost for rachine

e e e . .- - -

-

13 s
Tweenten and Schirciner (13) have shown,that covernment payrents
are slightly more eveuly distributed than are farn receipts. In 1959

-—
farm roceipts were $424.9 pillion, increases in inventories were $4.6
million, and government payments Were an additionmal $3.6 million (16).

Further, home consumption and the rental valuve of farm dwellings con-
stitute a larger fraction of total income for smaller farms.

Because of production uncertainty, revenue is a random variable.

Consider two farms operating with the same input scale and assuwse that
onec experiencecs a "eood" vear with positive deviatioms in revenue and
the other has a "tad" year. Clearly the average cost for the unlucky

farm exceeds that of the lucky farm. If size is measured by revenue then

we will find that as size increases, average cost falls, so that there

are scale cconomies. In fact, the two farms are the same cost size and

we should not be able to say anything about the prescnce or absence of
scale economies from observing ouly themn.

1 \
5For the repression model y = a + X3 4+ u, supposc the Efu)-= b,
the bias in the scale estimate, and suppose that, (X' (u-b)) = 0; so

that the stochastic component is independent of the "explanatory' varia-
bles. Then E(2) = 8 wherc 2 is the ordinary least squares estirnator and
E(a) = atb. The bias is only a "1evel" cffect and is transferred to the

intercept.

O
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' ) 16 .
and livestock inventories, farm family labor and user cost for land. the

observations are weighted by aumber of farms and are for the nine econonic

>

classcs reported in the Census.

Although the form of the cquation estlrated holds the scale ;lasti-
city.constant, the evidence is that, in fact, it declines with increasing
farm size. Recall in Table 2 the U.S. summary showing that the cost/

revenue ratio falls from a factor of 2.63 to 1.61 between Classes VI and V

as cost per farm increases by 37 percent implying an interval elasticity

"of 2.21 between these two smzllest classes whercas the comparable elas-

ticity between Classes II and I is 1.18. Cost per farm is 9.5 times as

great on the Class I as compared to Class VI farms. This is as expected;
earlier, I observed that if farms are diversified, marginal costs must |

be rising. But if scale economies enist, if average costs are falling

and margindl costs are rising, the scale elasticity nust fall as size
increases. The fact;that the scale elasticity.declines.as farm size

rises presents a prcblem concerning how states should be cornared Idcall;,

a measure of scale economies is an indication of the comnaratlve advantage

- of 1arger size and the measure used here is an average of this advantage

over the various ¢lasses. Slnce observatlons 7ithin each state are
weighted by thelnumber of farms, the points at which the scale elasticity-
s;zc function is evaluated will vary from state to state, As an example,
suﬁpose that all states have exactly the same relationship between classes

as that indicated in Table 2, and differ only in their size distributicn

of farms. In this case, states with farms whose average size is above

10 . - .
A detailed description of the operational definition of costs is
provided in the footnotes to Table 5. '



‘cﬁe naticral average woula gave low scale economies reiative to those

states with smaller farms. But fhis is as it should be, for in statgs

with farms of larger thgg averagze gize, the added advantage (in terms of
average cost) to a furtﬁer increase in sizg would bé less than in states
with smaller farms. The scale elasticity estimate is a regressibn esti-
mate within each state ofAthe elasticity of revenue with respect to cost.
Obser;ations are averages per farm for the nine econqmic classes and are

weighted in the regressions by the number of farms in ecach class.

Information: Although data are not available to identify a farn's

informational investments, tﬁe picture for U.S. agriculture is not hope-
less. The 1964 Census réports the distribution of years of school com-
pleted for farm operatcrs in each economic class of each state. The
evidence is that in alli§tates.ex:ept Phiede Island, "average" schicoling
incteaség_with farm size. If_educaticn fscilitates lzarning, then in-
-an uncertain environrent more educated farm operators whould be more
efficient. The function of agricultural research is one of producing
‘new and better-inputs and techniqu;s, and since the réseﬁrch product is
new, efficient use reﬁuires learning. If more resea;ch inplies a more.
rapid flow of new things, then we can assume that the greater the level
of research activity the greager is the spread betwéén t;aditional and
"bes£" nethods and the greater the potential role of ;earning.' With
learning efficiency being related to education and more educated 6pera—
tors résiding on larger farms, the comparative advantage of largey farms
would be gfcater the greater the level of.résearch activity. But extension
aéfivity presunably -serves the pgrpqse.of disseﬁinating the.reéenrch

L]

product,

()

£



Unfortunately, there is no data concerhing the distribution of the
extension effort between farm size classes. Unless this effort is severely
Lewed in favor of larger farns, we can thlnk of extension activity as
sirplifying the 1earning required in conjunction wrth the research pro-
duct, which is therefore a reducation in the level of technical uncer-
tainty. If research enhances the comparative advantage of rore educzted
farmers, then this advantage may be eroded by extension.

‘A set of variables is constructed to see if scale econonies have
bcen affected by the research- educat:cn -extension conplex. Tirst an

iudex of scale-education olas is constructed for each state. Within

‘each econonic class averare farm operator schooling is ccmputed in waich

reported years of school completed are weighted by 1952 incore levels.

The elasticity of average schooling uith respect to total cost is com-
puted from a douvle log regression across econonic classes, like the
regreo ions used to estimate scale elast1c1t1es. This regression measures
the rate of increase in operator schooling .with farm srzé and.is dubbed
tﬁe.education bias. Interaction variables between education bias, researcﬁ
and extension are constructed eeing public research expenditures per

farm in each state and an estimate of days per farm spend on farms by
personnel of the Extension Service.

Composition: Since relative prices do change it is possible that
these changes have altered the structureé of comparative advantage among
the size classes. To allow for this, a variable is constructed-to sun-

marize the effects of recent price changes. liolding the composition of

cost and revenue constant, i.e., holding revenue and cost shares coastant,

.

7 . e e
Opcrational definitions are provided in the notes to Table 5.



- 42 -

both total cost and revenue are computed using the avcrage of the 1954
and the 1949 prices. Then, scale elasticities are computed in the same
ﬁanuer as for the cost and revenue values givcd.in 1959-for e;ch state.
The difference betwcen the scale parameter éomputcd.using 1959 prices
and tﬁe one calculated when prices are lagged (about 7.5 years) is then
~dubbed éhe pecuniary bias.18

The calculation of pecuniafy bias can differ shﬁrply bé;ween the
gross and value-added formulations. Conéider beef cattle. For Class I
-farm;, they account'for_33 percént of sales and 25 parcent of cost; but
for Class VI farms the correspoading numbers are 15 and 3 percent. A
100 percent increasé in the price of beef cattle would increase revenue

relative to cost by 12(15-3) percent for Class VI farms and only 38

percent ‘for Class I farms thus increasing the "comparative' advantage of

f.)

‘the smaller farms. For the Value added formulaticn, beef cattle ppear
only in 'net" revenue and represent 6.6 perCLnt for class I and 2. 3 per-

cent for Class VI. Thus an increase in beef cattle priccs will increase

8 » .
1 In general, the technique is simply to multiply percentage price

changes between 1949-54 and 1959 to each of tire cost and revenue shares

to compute cost and revenue at 1949-54 prices, holding physical quanti-
ties constant. Tor all inputs except labor, perantage price changes are
taken only at the national average. For labor, the state specific daily
wage rate of hired farm labor is used (17). The user cost of a physical
unit of land is 10 percent less the average annual appreciation rate over
the previcus five years in the state times the national average dcre value
of farm lands and buildings. Tor products, antional average price changes
are Uocd but state specific indexes are calculated for field cross—bas;u
upon revenue sharcs for the one to five most important crops in" eacui state.
The revenue shares are computed using physical producltion and state speci-
fic average prices as reported in the Census. For the eight states most
dependent on fruit and vegetavle revanue, state specific indexcs are com-
puted using 'state" prices and date w01ght¢. For other states, the
average of these cight indexes is used. DPrice data are taken from various
issucs of Arr1cu1CUr1};S:gF}_C1ca (15) and the Census of Aariculture (14) .
Machinery prices are quallLy adjusted” using the | lcttlp (2) scries “far
farm tractors.

I
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the comparative ad?antage of élass I farms.19

AE an aécounting level, there is evidence that éricé changes haée
fairly systematically favéred‘larger farms. At the national average,
the value added measured scale elasticity is 0.21 higher yhen prices are
at 1949-54 levels then at 1959 jevels. Further, for value added, price
changes have increased the measured scale élasticitf in 47 of 48 sﬁates
(Alab;ﬁa is ;he éxception).

But price changes are not the cnly way that composition4differences
lead to changin comparative advantage, non-neutral technical changes
may alter scale economies. The logic is tﬁe sane as for pecuniary
éffects. As technical change augments one ihput_relative'to othéré, the
comparatife'advaﬁtégc cof firmé most dependent upon that input will increase.

To -allow for factors other than direct pecuniary bias, two indexes

of input mix dissimilarity are constructed. They are elastieities of

- . : cer s . " 20
expenditures for specific items with respect to total cost. One refers

to expenditures for intermediate inputs and the other to the “‘combined

cost of the traditional land and -labor inputs.

19This only points out that the term comparative advantage should
be in quotes throughout the analysis. Obviously the important question
should be whether a change in a given price will change profits by nore
(absolutely) in ore class than another. In that respect, the value added
form is superior. For example, a 10 percent'incrca§e in beef cattle
prices would increase averape profits of Class 1 farms by $2G9O and only
by $2 for the average Class VI farm. -

. o @

20, - . s
These elasticities are computed-in the same manner as the scale

_parameters. Regressions weighted by nusbers of farms are calculated

within cach state acrcss the nine economic classes. The regression is
of the form: log of specific expenditure regressed on the log of tetal
cost (per farm). : :

« - . '
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Regression Nesults

Regreésion results are presented in this section for ﬁhe‘&alue;adde&
formulation with the corresponding estimates for the gross sales func-
tion being provided in Appendix B.

Table 5 summarizes the value added results. .Independen; variables
are'grouped according to whether théy refer to compésitional effects or

to information. Among. the compositional variables, the first, direct

pecuniary effects, is an interaction constrct between price changes and

.compositional differences. In addition to the adjustment for price

changes, compositional offects are important in the case of non-neutral

technical change. Variables I(b) and 1(c) measure the rate at which inpat

mix changes as form size increases and presumably capture pervasive effects

due te chancing input comparative advantara, i.e., changes in marginal
(=] (&) H [4 2ue | 2 (¥

£

ﬁroductivity relative to price. Variable I(b) is the expendituze 2las-
ticity for the traditionallland and labor inputs. Much of the product
of tbe private research effort and the contribution of gechnical change
that occursg outside of agficulpufe may be embodied in n;n-traditional
inﬁuts such ac fertilizers and machinery; Yot embedicd technique need
not enhance the comparative aQQantage of the factors Leinz augmented
becaﬁse the existence of complementary inputs.introduces the possibility
of transferal. This variable is included to sce if there is ;vidence of
changing comparative advantage between traditional and non—tradigicnal
inputs. Variable I(c), the cxpenditure clasticity for intermediatc

inputs, serves a dual role. Like I(b) it can capture the effect of ﬁon—

ncutral technical chanpe, for much of the public rescarch effort is

TN

devoted toward improving livestock, feed, and sceds, but it can also be
considered as an index of specialization-in livestock production as

size increasces.



- 45 - .

Tab 1e 5

. Regression Lstimates of Factors Affecting !easured Returns to Scale

in U.S. Agriculture, 1959

Value-added Yormulation; Coefficients (Standarcd Errores)

—

—

Regression urber

2

Variable Hean 1 3 4

1. Composition Effects ' . )

' a) Direct pecuniary bias .214 1.296 1.435 1.481  1.444

) : (1.123) (.095) (.092) (.084)
b) Expenditure elasticity ’ o
-for land and labor 960 1.533 "1.916 1.944 1.514
.¢) Expenditure elasticity 1.682 °  .515 .5069 .561 543
for intermediate inputs (.087) (.045) (.045) (.051)
d) b x research expenditures 034
: (.037)
e) ¢ x research expenditures . .009
) (.003)
II1. Information Complex
a) Education bias L1120 2.239 1625 .222
_ : (1.012) (.919) (.382)
'b) Research expenditure 13.270 - -.042 -.006 " -.001
) (.033) . (.003) (.001)
¢) Days on farms by .307  1.089 925 =-.092
extension personnal - (.448) (.429) (.033)
d) axb 120 104
J (.063)- (.047)
e) axc -7.367 -6.558
(3.073) (3,045)
f) axbxc -.172 -.145 i
(.075) (.067) -

III. Regional Dummies + - - -
Intercept -.806 -1.199 -.967 -.540
Dependent variable 2.136

' (.235)
2
R .942 .933 .922 912
RSSQ 1539 L1779 .2081 .2335




Notes to Table 5.

All regressions are for the 43 coterminous states and observations
are weighted by the number of farms in ecach state. - ‘ -

. In the value-added fornulation, both revenuc and cost excluce esti-
mated expeunditures for livestock, feed and scecs, inputs considercd as
farm produced. State specific estimates fa returns to scale, direct
pecuniary cffects, exnenditure elasticitics for land and labor and farm
produced or intermeciace inputs aud the farm operator education bias are
each estimoted as slope coefficients from wvithin-state double lozaritiimic
regressions in which the independent variable 1is estimated tctal cost per
farm and arc described in the text. :

The research variable is proviced by Evenson and is similar to the
varisble reported in (1). The rain difference is that sore emrpenciture
~items such as "econonic research' which are net scen as directly contri-

buting to agricultural production have been onitted. Tvenson estirates
total researcii expenditures for each of nire-vears ending in 1559 ‘and
then averages them by using jnverted "'Vk weights'over the period. Tinally,

average annual resecarca is divided by the nurber of farms in the state.

* The extension variable is an ostinate of average annual days rer
farm speat on farms by personnzl of tlie Exntension Service. The data are
unpublisized but uare proviced by the Federal Tuteasion Service of the U.S.
Departnent of ACGriculture. Caca vear, eacit couniry staff reports a dis-
tributic- of days spent oa a list of zbout twenty activities. 0f these,

- six are considered as being directly related to agricultura

and may well hiave been days spent on farms. The annual ave
puted using the weights .16, .34, .24, .16 for thc years 19
respectively. The tvo regional dumny variables refer to the soutih only.
Cne is for the East Souti Central Division and the other is for both the
South Atlantic and the Uest South Central. 1In the gross value formula-
tion, the south, especially che East South Central Divisien, had lower
estimated returns to scale than the rest of the country.

f
- - P
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Because data for public;rcsearch'cchnditures are available, varia-
bles I(d) ;nd I(e) are dcsighcd to capture state specific conpbsitional
effects induced by resecarch. They are simply the pfoduct, research
expenditures times variables I(b) and I(c), respectively. These last two
variables shopld be important if the impac; of composition effects is
conditioned by the local research eéfort.

Variables rgfcrfing to scaie cconories originating with the use of

information are intrinsically interaction variables. For example, the

-comparative acvantage of more educaticn is conditioned by lcarning pos-

sibilities. liere it is presumed that the more rapid the research flow

and the less active the extension service, the greater is the compara-

tive advantape of education. Thus the interaction terrs 11(3), 11(e),

and I1(f) are introduced. The first is the information hypothesis pure

and simple. If the comparative advantape of éducation is enhanced by

. : . e
research activity then it seems reasonable to interpret this advantage
as having its roots in learning capacitieé associated with education.
The remaining intecraction variables are relationships between education
and extension. Ye carlier discussion assumes these effects to. be nega-
tive, which is to assume that more cducated persons do not tlhenselves

have a conmparative advantage at interpreting the information supplied by

. 21 . ' . . X
extension personnel. And, according to the assumption tnat education

-

N -

21

Actually, cvidence of interaction between extension and.education
cannot contradict the informatien hypothesis. llegative intecraction 5ays
that they arc substitutes and, therefore, supports the hypothesis, but
positive interaction would also, while "no effect' would not contradict
it, but would at least be consistent with a contradiction. Lxtension
clearly refers to information dissenmination and if education is scen as
augmenting the spread of information it is not clear how they interact.
The key to breaking iuto this plienomenon would be an understanding of

: : - . : (Cont'd on the next pare)
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and extension are compctitive,_if‘the‘magnitude of the education effect
is conditioned by research, then the cffect of research on education is

conditioned by extension--variable II(f). Variable I1(e), extension-

education-interaction, is designed to capture any effects between educa-
tion and extension not in proportion to research expenditures. Variables

1I(a) and II(c) are the "own' effects of educationm, rcécarch, and exten-

sion. Mmile it is clear that each can have an effect upon the compara-

tive advantage of size via information, other effects can exist as well.

Education is the most obvious example: 1In an opportunity sense, more

educated farm operators cost more. Yet, the cost estimates used are
independent of operator education. Since operators of larger farms are

more educated, the absolute effect of this omission increases with size

and may have introduced an upward bias to the return to scale measure.

In Table 5 the most striking cvidence 1is that direct pecuniary

effects literally swamp the regressions, both in the sense of partial

correlations and, as is later demonstrated, in accounting for the level

of measured returns to scale. Clearly, price movements during the decade

of the 50's enhanced the comparative advantage of larger farms. In the

-
.

Footnote 2 i 2 previous . '
(Footnote 21 continued from previou .pagc)(l) the level of com-

plexity associated with extension information as compmared to the level
and rate of change in the level of complexity of informnation persous at
a givea level of education would be capable of "digesting,' and €2) the
covariance between farm operator ccducation aund the distributicn bf ex-
tension effort. If "they' do not talk to you then what they are saying
does not recally matter. : ) i

22

Lut the hias introduced by excluding operator education in imputing
cost may Le relatively more importaat om smaller farms since operator
labor accounts for a much larger share of ail costs. Thercfore, this
omission may have resulted in a negative bias in measured scale econo-
mics., '

N
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context of this analysis, it ig not possible to say whethcr larger farrs
were lucky in the semse that they happened to be produc1n those things

whosc relative price increased using inputs whose relative price fell

or whether they correctly anticipated price movements and adjusted pro-

duct and input mix more efficiently than smaller farms.
The evidence is that in addition to price movements, comparative

advantage increased for firms most dependent upon intermediate inputs

and firms most dependent upon the traditional land and labor inputs.

That is, there is evidence of ncn-neutral technical change that enhanced

the productivity of intermediate inputs and of land and labor relative
to the productivity of the non-traditional fertilizer and machinery

inputs. This evidence is contained in the "siegnificantly" positive

t-
™\
or
A
(2 1Y

. ; .
I{c) ere, the evidence is nct

uniquely in favor of 1arge; farms because smaller farus tend to bé‘more
dependent upon land gnd labor and larger farms are more dependent upon
intermediate‘inputs. In faét, the compositional effeéts aréfbredoninantly
févorable to larger farms sin;e, at thc nﬂtlonal average, the clasticity
of expenditures on 1and and labor with respect to expenditures on all
primary inputs is 0.96, 1nd1cat1no that the cemposition of expen%ltur

on primary inputs does not change rapidly as sizg varies. In_ 18 of 438

states, larger farms are actually more land-labor intensive than smaller

farms.. . o -

Although the state specific rescarch-input composition interaction

variables do have positive coefficient estimates, they arc not signifi-

cantly different from zero at ordinﬁfy confidence levels. While there

- 1s evicence of non-neutral téchnical change, the evidence ‘that this

‘change is.iocally produced is unconQincingl



. .Another important feature of the evidencc‘containea in Table 7 is
that régional dummy varigblcs are nqt significan;. That is, éiven tﬁc
coempositional and informational effects, residual errors are not system-
atically related to region. This is reasuring sincé regional dunmies,
in this contéxt, are little more than summary measures of ignorance.

The evidence concerning the importnacé of variables in the infor-
mation complex ié nuch less convinecing than for the gonpositional varia-
bles. It is.true that five of the six coefficients are at least twice
as large‘as their standard errors while the remaining "t-ratio' is 1.8.
And it is also true that the interaction coefficients have the correct
sign (there is no hypothésis concerning the-signg'of the ovn coefficients).
But it is obvious from thé definiticn of the variables that they are
highl& colinecar. This.caanot e avoidéd since interaction is the crux
.of the_infornﬁtion hypothcsis. ) : -

.In any case the test éf the iﬁformatioﬁ'hypo§hesis is on the joint
significance of the variables rather than upon their iné?vidual signifi-
canée. That these variables are colinear is best seen éy conparing
equations 2 and 3, When the interaction‘variables';rc deleted the "t-=
ratios" on each of the three own cocfficients are less than onec: if the
variables in the information complex.have a story to tell, they tell it
through interaction. Nonetheless, in comparing equation 2, in which
all informational varialbles are included, to equation 4, in whic% they
arc deleted, the "test" of their joint significance gives-F(G,BS) =1.98
with an associcted critical value of 2.35 at the 0.05 level.

Intcrcst%ngly enough,.if‘rcgional dunmy variables are included in

equations 2 and 4, the correspending test statistic is F(6,36) - 2.59,

with 0.5 critical level, 2.36. Also, in the pross revenue formulation,



O

‘the cofreépohding test gives F(6,37)
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3.35'with 2.35 as tpe as;ociated
(.05) critical value (Appendix A). Thus, the evidence pertaining to the
information hypothesis is mixcd. I favér the assurption that information
is signiflcqnt and offer equation 2; TAblels as ny best estimate of

factors affecting returns to scale in U.S. agrlculture, 1951.

Accountln" for Ccale Vconorles .

At the beginning of this paper, I noted that Criliches estimates
that slightly more-than one-half or the product1v1ty increments acuieved

in U. S. agriculture between 1940-1960 are the results of increasing farm

size alongside economies of scale. If these economies are purely 1nternal

‘engineering phenomena, then little riore-could be said, but the evidence-

presented here is that. they uay thenselves b; the product of price and

-

technology changes which are not neutral between firms relying on dif-
ferent product and input ﬁix; rurthernoxc, thn dvnanlcs of technical
change appear to have created scale economies in the usg of information.
Nonétheless,Aa question remains concerning the ;heerkmaénitude of these
effects.

. s . : 23
Define scale bias as the measured scale cconomy less one at the

sample mean; for the value-azdded formulation, scale bias cquals 1l.1l4.

-~

Table 6 reports the distribution of measured scale bias among its sources
as measured by equation 2, Table 5. Approximately 75 per cent of the

scale bias is accounted for with 55 percent being the result -of- composition

differences and 20 percent attributed té variables in the informakion

.

23 e ey . Cep '
Scalc bias is simply (minus) the elasticity of average cost with
respect to total cost.

. . . . e
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Table 6

"Factors Affecting Measured Scale Bias in U.S. Agriculture, 1959

Composition
Price changes _ 27.0%
Land and labor share differentials . - ~6.7
Intermediate input share differentials 34,2 )
' 54.5%
Information . . .
"Partial cffect of: ’
‘Education ' 3.9%
Research : . o7
Extension , Y | .
Interaction 15.0 -
i . 20. :
Explainad Totel ~ o . : 76.67

Xotes to Table 6

.o

Computed from ecquation 2, Table 5. The partial cffect of cducation,

rescarch and extension are each evalua ted at the sarple mean, then rul-
tiplied by the averace value of the indicated variable. Tor exarple,

the partial cffect of rescarcih = (-.036 + .1039 Ed. - .1443 (Ed. x Ext.))
Nesearch, The interaction effect is computed by computing the change at
the point of means in measured scale economies if all information varia-
bles are assigned the value, zero,. and then subtracting the partial
effects,

The effects of price changes is computed by determining how much
the mean scale bias would fall if the pecuniary bias werc 0 instead of
«214, given the regression coefficicnt (1.435). Similarly, tiie ‘effects
of dissimilarity of input mix vis a vis land-labor and intermediate
inputs is cowmputed by assigning » clasticitics of unity for the .average
at the point of reans, .9% and 1.6S, respectively. These clasticities
would be unity if firms were scalar recplicas of each other.

PRAN
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complex. Price changes appear to have been very significant in augmenting
the comparative advantage of large farms as have been residual effects
(probably technical change) that h%ve increased the comparative advantage
of large farms. Tor the land-labor and in;crmediaté input variables,
a larger expenditure share is positively related to the comparative
advantage of larger farms, so that the effect for land and 1abor at the
sample mean is ncoatlvc. on average, the expend;turc elast1c1ty for
land and 1ab§r is less than one (recsll that it excceds one in 13 of 48
states). A

At the point of means, fhe partial effects of education, research,

and ecxtension are very small. Three-fourths- of the scale bias explained

by these factors is associated with interaction between them, which

~supports the inforation hiypothesis.

Surmary

The gvidence presented here is that erpirically measured returns to
scale in‘U.S.‘agriculturc have been produced expprnaliy'to the individual
firm by price and productivity changes that favor iApu: and product
compositions of larger farms and by a rapid pace of technical change with

associated scale economies in the use of information.

_The Census data show that larger farms derive proportionately more

-

of their revenue from livestock products whercas smaller farms concen-

®
trate more upon cash grains. The increasing price of livestock products
relative to cash grains during the 1950's creatad comparative advantage
for livestock farms, which being larger also created scale economies.

On the input side, it is also true that larger farms depend more heavily

upon farm produced or intermediate inputs than do smaller farms. Sinée



this largely reflects the increasing cencentration in livestock produc-

tion, tle empirical analysis is couched in value added terms with costs

of -intermcdiate inputs being subtracted from revenue rather than added

i .

to posf.'

Residual or primary inputs are land, labor, ﬁachinery apd fertilizer
and on balance larger fafms are more.dcpendent upon non-traditional
machinery and fertilizer inputs.while smaller farms focus more upon

traditional land and labor inputs. Since the price of land and labor

has increased relative to fertilizer and machinery, tihese changes have

_been differentially favorable to larger fa;ms. In fact, at the sample

mean, my estimate is that roughly 27 percent of the measurec scale bias

is aésociated with product and input price changes that occurred during
thé decade prier to 1959,

But -price chauges do not tell the vhole story of'comparativé advan-
tage originating in differénces in product and input mixl .The evi&ence
is that given price changes, firms devotiﬂg.a larger sh#re of expendi-
tures to intermediate proaucts-ana to traditional land énd lzbor inputs
have gained relative to others. : .

Here the picturc is blur%cd because larger farms depend much more
upon-intermediate inputs and smaller farms are more dependent uﬁon land
and lalor. DBut at the sample mean, the net effect has favered larger
farms. ABout 34 percent of the measurcd scale bias appears té ge associ-
ated with the rising relative importance of inéermcdiatc inpuié'as cests
for primary inputs increage vhile the measured bias is reduced by only

7 percent as a result of the increasing advantagre of the traditional

inputs.
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Another characteristic of larger farms is that their operators are
more schooled and in a technically dynamic state in which learning

-

becomes an important input into the profit galéulus, th; addgd operator
schooling appears to have enhanced the comparative ;dvantage of larger
farms. Uhile it is truevthdt these effects are partly dampened by
negative extension-ccucation intcraction, information cffects still

account for around 20 percent of the measured scale bias. This infor-

mation bias is created by positive interaction between operator educa-

tion-scale differentials and research expenditures and is reduced by

interaction with extension. The negative education-extension interac-
tion suggests that vis a vis allocative efficiehcy, education and

extension are substitutes.

Pae it



ITI. Aaaiéional Empirical Evidence
In this scction fesglts are_réported for three empirical studies

linking education.to allocative effeciency. luf fran ( 5 focuses on a
singlevdinension of allocative efficiency: the rate of farmer response
to price changes for a single input. ¥haldi and Tane estimate tﬁe ef-
fects of farmer cducation on input mix. In each of these, a production
function is first estimated and from that functioﬂ optirmal ihput quan-
tities are imputed. The discrepancy between estinated optimal and

observed input use is then related to education.

The Speed of Nesponse to Price Change

S

.In a racently corpleted dissertsticon, Wallace Hulfrman analises
relaticnships between changes in the orica of nitrogen fertilizer and

- the speed of farmer response to these changes. Growth in using commer-

cial.fertilizers has been an important source of ;dvance in farm pro-
duction. JFrom 1950-54 to 1964 the quantity of nitrogén'gertilizer an-
nually applied to all crops tripled in thg United Sfates and in the

five states lluffman considers (Illinois, Indiana, Iowa, !%innesota and
Ohio) nitrogen use increased five—fold duringlphis pe;iod. Detween 1959
and.}964, the price of nitrogen fertilizers fell from 10 to 15 percent,

wvhile corn prices increased 12 percent. Clearly, there was a growing

incentive to expand the use of this input.

(%14

With Census of agriculture data for 1939 and 1964 county aggregates,
Huf fman estimated corn production per acre as a functien of nitrogen

fertilizer per acre, yicld in 1249 - to accownt for differences in seil

roductivity, averape temperature and length of growinp scason, nornal
Y { ! _ of g
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rainfall and current deviation from normal rainfall. From this estimated
production.function the implied margina; product of nitrogen togethér
with the observed price of nitrogen relatiQe to the.cdrn price is used

to imﬁute profit maximizing nitroge; lévelé. Prior to 1959 the relative
pri;e of nitrogen to corn had been fariiy stable and after 1960, declined
rapidly. Huffman estimated that farﬁs were much closer to an eccnomic
equiliberium gigng'gig_nitrogen'use in 1959 than in 1964 as indicated

{n Table 1. Most counties used insufficient nitrogen in both years,

Table 1

Maximum and Minimum County Average Rates of Nitrogen Use for Major
Corn Producing Counties in Five Midwestern States, 1959 and 1564

" 1959 | 1964
_ Estimated ' Estirated
Actual Optimum Actual Optimum
: Use . Use Use - Use

(pounds per acre) )
Maximm ~  38.9 ©38.3 87.5 166.0

Minimum 6.4 9.9 - 11.4 38.3

Source: Huffman ( ), page 37.

but the gap was wider in 1964 than in 1958.
With a partial adjusﬁm&nt model of the form -
*
_ 2o Zgoy 7 MEp - Zpq)s
gap between nitrogen use in 1959 and the 1964 optimum that 1is closed by

A(Z for which X is the proportiéﬁ of the
1964, Huffman argued this speed of adjustment measure, A, should be
related to farm opérator education, average amount of contact between

farm operators and ccunty extension agents, farm size, and the deviation



‘- 58 -

in 1959 between actual and optimum use. Specifically, he posited the-

following relationship:

-

A = exp. {aQ +ay Ed + o, ExT + a, ExT-Ed.+ @, ACRES

4+ e A59 + u}

with Ed, average‘farm operator education presumably speeding adjustments;

EXT, contact between extension agents and farmers easing information
gathering and speeding adjustment;

Acres, the average number of acres in a corn farm serves as the 'scale™
jncentive to make accurate decisions; and

-~

is the descrepancy between use in 1959 and the imputed opti-
-mum.

b59>

The rational for the interaction term, Ed*ExT, is that education and
extension are substitutes. Results from ordinary least squares estimates
of this relztionship are. summarized in Table 2.

: Table 2

Regression Estirates of the
Partial Adjustment Coefficient

Coefficients (t-statistics)

“@ - %2 3 %% . "% %o
2.20 1.96 -1.07  .006 -.01 _ -5.24
(3.80) (2.25) (-2.11) (2.50) . (=2.0) - (-5.16)

-

: * .
Dependent variable = log ((Z., --259)/(264 = 254)) -

2 _ . :
R™ = 0.25 , fObservations = 122 - county aggregsates

“Source: Huffmnn_( ), page 47.

Thgsg_results are impressive by any criterion. Education and exten-

sion are individually end jointly "significant". Both serve to speed

i
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adjustment toward new equilibefia and although'they are substitues
(;3<O).each has a positive marginal effect within obsérved ranges of
the data. The estimate, ;4 > 0, is the larger farms adjust more quickly
than sméller ones. This, of course, is as it should be and points to

gcale economies in using information - the cost of A # 1 is higher for

larger farms. The estimated effect of the 1959 discrepancy between

- actual and optimum use is that firms operating further from the 1959

~ optimum responded more slowly to change between 1959 and 1964.

To mitigate the inference that the proporticnate adjustment factor

" could exceed unity in the simple exponential form, Huf fman also esti-

mated a logistic functiom,

A= 1/(1 + exp(X'8)). Statistical results are essentizally

denticle, the only excepticn being that the t-statistic for the extension

.and extension-education interaction terms falls to between 1.8 and 1.9.

Huffman extimates that at the sample mean, an extra year of schooling
would have increased farm profits by $94. in 1964 through this single
dimension of nitrogen fertilizer use.

2

Least Cost Input Combinations

" The procedures of Khaldi and Fane are_esséntia}l& ideﬁticle. Using
1964 United §tates Census of Agriculture daté each éstimated a variant
of an aggregate agricultural production function. For each oBse;Qation,
factor prices and the estimated production function are used to imputé
least-cost input combinations necessary to produce observed ocutput. The
resource wastége implied by thé'excesé of observed cost over imputed |
pininum cost 1is related to education and other variables. The results

are generally sugpestive that cducation cnhances allecative ability.
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Khaldi's estimates refer -to farm average quantities for state
aggregates. The "states" are the thirty-nine individual states and
state groups used by Griliches ( ). Farm production, defined as sales
per farm is aSSLmed to be a function of (1) land: (2) machinery; (3)>
jabor; (4) fertilizers; (5) an agg regate for livestock services including
interest charges on livestock inventories,.livestock purchases and
feed purchases. Machinery, fertilizers, and the livestock variable are

value measures. ‘Land and labor are alternatively expressed in value

of the service flow znd in physical quantities: acres and man-years,

respectively. The estimated function is Cobb-Douglas and some estimates

"include environmentél variahles -- farm operator education and publicly

'sponeored agricultural research -- while other specificatloﬂs include

only the five material inmputs

th%di uses the alternstive preduction function estimates to com-—
pute least-cost input mix correspouding to each ]ével of observed output;
Tﬂ; logarithm (base e) of observea cost relative to eé;imatgd mininum
necéssary cost is taken as an estimate of the fractionai resource wastage.
Khaldi argued that if educatioh enhances allocative efficiency, there
will be an inverée relationship between his ﬁeasgre of inefficiency and
aﬁerage levels . of farm operator schooling. He argues further that since
research intgoduces newv inputs and procedures that are not ;ostlessly
evaluated, there will be a direct relation bétween tﬁe rate ati;hich'
ney things are introduéed, approximated by the state specific-kevels of
agricultural research and the measure of ailocative inefficiency.

The seccond state of Khaldi's procedure is the regression of the
logarithm of observed cost relative to estimated minimum cost on average

farm operator schooling, approximated by the proportion of farm operators

-
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who had attended coilege, and'state levels of agricultura; research.

He "expiains" 10 to 15 percent of the between state variznce of the
inefficiency measure in this regression. The education effect is nega-
tive, increased schooiing reduces inefficiency, and.the estimated
We-statistic" varies from -2.0 to -2.3 with 36 degrees of freedom. The
research effect is more ambiguous. Coefficient estimates are positive
but are only slightly larger than estimated standard errors.

Khaldi then disaggregates his inefficiency measure, calculating

for each of the five material icputs, the squared percentage discrepancy

between observed expenditures on that input and his estimate of what
expenditures>would be if total cost were mininized. In suEsequent'
regressions in which these factor specific inefficiency indexes were
dependent varizhles, T asults genex a11v c01f1rm the aggregate results
education enhances allocativé efficiency. For four of five matericl'
inputs (land is the éxception) Khaldi estimated an inverse relationship
between education and errors in facter use. He did nct offer a point
eétimate of the value of schooling in this allocative dimension.

Khaldi's results are sensitive neither to inclusien of environ-
mental variables in.the ?roducﬁionn function estimates or to specifica-
tion of material inputs in value'cr physical ﬁnits:

Féne's production function estimates are farm averages.%cr counties

within four midwestern states; Indiana, Illinois, lowa and Missouri.

Output is sales per farm and the estimated procuctidn function.is Cobb-

Douglas. Material inputs include: livestock (10% of invedtory value

plus purchases of livestock and_feed), expenses for seeds and fertilizers,

',_fmachinery (177% of acquisition costs plus expense for gas,'oil and machine

"hire including custon work), 1and and buildings (67 of value), expensé
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rithm of average years of schooling (including college) for farm operators,
and the logarithm of slaes pér farm in the county.

When all inputs are considefed the>clasticity of cost per farm,
holding constant ehe estimate of minimum necessary éost, with respect to
operator education is -1.3 in 1964 (t-statistic = - 5.0). There were
insufficient data for use family labor.in 1959 to permit a sirilar com-—
parison. When all inputs other than family labor were considered, there

. . . N 2
was no evidence that education affected allocative efficiency in 1953 4

and only weak support for the hypothesis in‘l964.25 In octher coxmpari-
sons, for whlch the variable input sef was restrlcted alternatively to

" (1) livestock, seeds and fertilizers, and hired labor, and (2) all of
‘these inputs plus machinery, education was estimated as 51gn1f1cant in
increasing cost eifficiency. For 1964, Fane estimated the cost-efficiency
marginal“valué product of one year of schooling tc be roughly $10C at

the sample mean. _ _ .

Fane conclusions vis a vis scale ecoﬂomies.in the ﬂ;e éf informa-
tion are especially interéstinf. .Although the point estimate varies
the central tendancy of the coefficient is around 0.5 for livestock,
seeds and fertilizérs, and maéhinery and is 0.08 for the-1964 input

aggregate. That is, Fane estimates that ceteris paribus, i.e., holding

farm operator education constant, a one percent incrcase in output

-

increases cost by proportionally more than is implied by cost minimization

eriteria. I am mildly skepticle of this result. It is, of course,

24 - . .
The education coefficient is positive and the standzard error is
more than three times as large as the coefficient.

_ 25The estimated coefficient is nepativa, but the standard error ic
only slightly smaller in -absolute value than the coefficient.
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ﬁosslble that éomplexity of the decision process.increasgs with scale,
especiaily if the production process is not homothetic sovghat size
expansion is not simply scalar magnificatfon. ‘But because the cost
of incorrect choice increases with firm size the infcrmational incen-
tives are for an inverse relation between size and allocative inef-
ficiency. Education is ﬁhe only informational input which data permit
Fane to lold constant, so that unless education is strongly complemem-
tary to other sources of information, we might expect that tﬁe rela-
“tion between efficiency and size, net of education, to ée direct.
Nonetheless, if Fane's estimates are correct, then this tendency
toward increas£ng inefficiency with largér sclae reinforces scale

econcrnies in the use of information. Fane's estimate is that

EC/C, o
= -1.34; -

.. ES : o )

S refers to farm operator schooling, C indlcatcc actual cost and C,

cost when cost are mininmized. Fane also estimates e

By . 1.38 (y is output)
EC*

and
EC/C,

Ey = 0.08.

The cost-allocative preduct of schooling is

- 3C , :
HPS -3 _ . o : . ee

\

which in the Cobb-Douglas formulation of Fane,

. . c . ‘ . .
HPS 1.34-5 .\ . : ) . .

vye *h
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In the scale neutral model discribed eaflier

For Faﬁe's model

s 14 RO
EC, EC, Ey

Notice that Fane's estimates do not imply that inefficiency increases
with farm size when indirecteffects of the correlation between operator

education and farm size is considered along with the direct effect.

‘The net relationship is,-

EC/C,  EC/C, |. EC/C, | gg EG,

+
Ey Ey ES y EC, Ey

S

= 0.08 + (-1.34) (0.112) (1/1.38) = -0.029.

—- -

" The qstimate,.%%—ﬂ is the national mean taken from Table , of the section
*

on sclae economies. Ewvidently, larger farms are more allocatively

\efficient; this because the indirect effect of rising average schooling

ljevels with farm size dominates Fane's estimate of the direct effect. -

IV. Summary of the Fmpirical Results

The evidence of linkages between allocative efficiency and education

of farm operators if not formidable is at least highly suggesti;e.
There is also evidence of scale economies in using informatioﬁ:'

In my analysis of relative wages in U.S. agriculture, roughly one-
third of the wage discrepancy betwcen persons who had and thosg who had

not attended college is attributed to the learning-adjustment opportuni-

ties created by agricultural research. Jn comparing state difference in



L

-~ 66 -

-

-measured scale economies, I attributed 20 percent of the pro-scale bias

to the information complex linking education, extension and researcﬁ.

Huffman offers convincing evidence.that more educated farm operators
respond more quicﬁly to input price.change. He finés, further, that
adjuétment is faster on larger farms agd'that education and gxtension
are sﬁbstituté sources of'informafioh.

Khaldi and Fane offer evidence that input combinations are more
nearly optimal wﬁen schooling levels are higher.

In each of these analyses, the feeding.machanism between education

and productivity,is structural change. What then, of the return tc

schooling in static situations. Here, we must turn to evidence from

‘other studies. I have described the rasults of Chundru for India.

Thera is additional evidence for other countries, but in 2ost cases tha
data d= not permit firm concluszlons, Craig Chi-yen Wu ( ) 1ia an

analysis of farm productivity in Taiwan, reports that education is more

~ profitable on gereral farms where productivity advance ié most rapid

than on rice farms that pfior to the survey, reportedly.experienced

fairly stable technology. George Patrick and Fzrl Kehrberg ( ) attempted
to estimaté the productivity of farmer schooliﬁg for five areas of

Brazil. Their evidence is suggestive that schooling in more proﬁuctive

in areas using more modern techniques and that the rate of change in

technique is more important than the level in determining return to

schooling. Thomas Haller ( ) has preformed a similar analysis for

Columbia. _ | v '

N\
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Following the derivation of the stadardized schooling distribution for each
state, the number of schooling classes is reduced {rom the eight census classes
to three: 1-4 vears, 12, and 4 or more vears of college following a procedure
described in Welch (1966a). The procedure is used in recognition of the fact
that 99+ percent of the total wage variation bstween states and across
schooling classes for the five classes, 0, 5-7, 8, 9-11, and 13-15 years of school-
ing is reflected in the variance of the three remaining classes, 14,12, and 16 +
years. Table § summarizes results for regressions of wages for the five excluded
classes on the remaining three. Let the coefiicient falling on the ith row and
the jth columin of table 6 be a.;, and iet .V, represent the age-adjusted number
of persons in each schovling class. Then

’ 3
N*= N+ z Ny
. FE DY
‘(i = 1-4, 12, and 16 +) defines the estimated number of persons for edch of the
three classcs.
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Appendix A

The Census of Poprulaticn provides data for persons with 0, 1-4,

5-7, 8; 9-11, 12, 13-15, and 16 or more'years of school completed. 1In
this Appendix, I describe the computation technique used to derive wages

representative of each schooling class in each state and, correspordingly,

- the "number" of persons in each class.

Wages.  The wage variable refers to total income for peréons in the

' rural farﬁ population in 1959. Although data for earnings which exclude

_transfers and income from property not manzged directly are preferable,

they are not available. The U.S. Census (1963) provides for each state
the joint incom-schooling (tables 138), age-income (tables 134), and
age-schooling (tables 183) distributions for males 25 years old and

over. These thr2e distributicns are used to compute the crecss-prcducts

“matrix required for a regression of thelogarithm of inceme on two classes

of dummy variables, the eight schooliing classes and six'age classes
(25-34, 35-44, 44-54, 55-64, €5-74, and 75 and over). Income estirmates
are interval midpoinés for the $1,000 intervals frc& $0 to $7,000; for
the interval $7,000-$9,999, $8,200 is used, and for the open-ended
interval $10,000 a2nd over, the mean is estimated from a Pareto distri-
bution. With this cross-products matrix, the regression coeffic%gnts
arc computed using the standard linear regression formula. Fof ;ach
schooling class, the antilog of the predicted log of income foi'ﬁersgns
45-54 years old is multipliéd by the ratio of the arithmetic to the
geometric mean of incowe for the class. This is se that estimates refer

to mean rather than geometric mean values of income. In the joint age-

schooling distributions, it is not possible to idcntiff persons without



i{ncome so that all persoms, with and withou£ income, are included in

the income prodictions. To eorrect for this error, a regression eqﬁation
ia estimated in which the dependent vafiable is the pfoportion of per-

sons in an age or schooling class with income in 1959 and the indepen-
dent variables are the same age and schoéling "durmies.”" With the

estimate of tﬁis equation; the probability'of having income is computed
for each schoollng class (coqd*tiona* on age = 45-54), and that proba-

bility is divided into the income estimate. The resultino wage 1s inter-

preted as the wage representative of a schooling class for males 45-54

years old with income in 1939.

Number of persons. The number of persons in each schooling class is

. terms of male, 45-54 yearé 51d, earning unizs. This nurber
i{s calculated as tha total inmcswme of all perxsoms ia a schooling class
including females 25 years old %nd over and‘ibung persons ages l4-24,
frcm census tables 134. The income eStimateé for the closed intervals
are the same as those used in tbe estimation of'waoes, but for the cpen-
ended intervals, means are estimated 951-g separate approximations to
Pareto distributionms.

Folloving the derivation of the standardized schooling distrlbution
for each state, the number of schooling classes is reduced from the
eight census classes to three: 1 4 years, 12, and 4 or more yea£§ of
college following a proccdure described in helch (1969a). The proce—
durs is used in recognition of the fact that 99% percent of the total
wage variation between states énd across schooling classes for the five
classes, 0, 5-7, 8, 9-11, and 12-15 years of school~years. Table 6 sum-

marizes results for regressions of wages - for the five excluded the ith



PN ) row and the ith column of table 6 be aij’ and let Ni represent the age-

adjusted nunber of persons in each schooling class. Then

5
*aN, +I N.a ' '
= N.a, .
i i j=1 R ;

N

(1 = 1-4, 12, and 16+) defines the estimated number of persons for each

of the three classes.

Table 7

Estimated Linear Relationships Among Wage Rates (Annual Incomes)
of the Eight Schooling Classes for the United States, 1939

Wage Rates Taken as Dependent Variables, Their

ape Rates Taken . . X
Wag Cocfficients and Standavd FErrors

is Independent

Variables . ¥ W5—7- Y3 Vg-11 w13-1$
\_3 Regression no lc. 2c. Je. 4e, A 5c.

v, ¥.147  .633 456 .210 -.084
©(.082) (.034) (.045) (-026) (.069)

Wi,  -.170 322 .529 758  .588
(.050) (.021) - (.027) (.016) (.130)

%] . ' 431
16+ (.075)

S . .991 984 980 - .995 .981

Source. The basic data are derived as described in .the above, except
in this case wages refer to the total population instead of rural farmm
only. There are 58 observaticns including the 48 states of the con-
terminous United States with a separation of 10 Southern states into
10 white and 10 nonwhite states. T

‘Note: Subscripts on the wage variables indicate years of school com-
pleted. T .



Table 8

‘ Estimates of Factors Affecting the Productivity of More Relative
to Less Schooled Persons in U.S. Agriculture, 1959; 39 "States' Only

Dependent Variables

Wer/T12  Yie+/M14 ¥y12/¥1-4
Independent Variables (1) (2) (3) (4)
" 1. Fﬁnctional illiterates .065 .456 . <391 .362
(.033) (.038) (.040) (.039)
. 2, High School Graduates .008 -.471 -.479 -.362
‘ (.082) (.098) (.101) (.039)
3. College Graduates _ .081 107 .026
. | (.064) (.094) (.077)
4. Nonlzbor inputs . =154 -.092 .062
' (:033) (.060) - (.041)
5. .Research emsenditures
($00) ffaim 045 .170 -.125
S .090C) (.307) (.110) ’
..6. Days per farm By - :
Extension perscnnel -.166 -.173 -.007
. (.072) (.086) : (.088)

7. Intercept 1.992 2,250 © 0.258  0.745
> .517 844 .760  .701
Residual sum of squares _ -

(degrecs of freedom) .264 .369 - .389 .482

-(33) - (33) (33) - (37)

Note: Subscripts indicate years of school. ccmpleted. Standard érrors
of the coefficient estimates are in parentheses. For notes, see- Table 1.

- o w
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Table 9

" Estimates of Factors Determining the Productivity of
College Graduates Delative to Laborers with Conventional
Skill in U.S. Agriculture, 1959; 39 fStates“ Only

Dependent Variables, the Relative Wage

Independent Variables (D (2) (3)

1. The aggregate of functional
jlliterates and high school

graduates 743 L7461 .756
(.055) . (.056) (.078)
'2. College graduates i -.420 -.423 ~.756
) (.079) (.078) (.078)
3, Nonlabor inputs . : T +,323 -.318
' : (.055). (.053)
4, Research expendituresv .
($00) /farm . <557 : .535 .720
T - (.138) (.135) (.184)
5. Days-per farm by )
extension personncl ’ -.052
(.138)
6. Intercept - 1.173 1,102 -2.33
R _ .865 .864 .72

Note: Standard errors are in parentheses. TFor notes, see Table 1.



-“education coefficient retains a t value_neaf 2).

v'2.85 which is marginally significant at the 0.05 level.

Appendix B

The CGross Revenue Formulation

Table 7 gives results for the gross value formulation. In it there

are significant regional effects not captured in the other variables.

The direct pecuniary bias is not significaﬂt, while other compositional

_ variables are significant. In particular, in regression equation 2, the

expenditure glasticity variables interact positively with resesarch
expenditure.26 In the information complex, a1l interaction variables
have the expected sign with respective t-ratios for variables II(d),

I1(e), and II(f) equal to 3.1, -2.6, and -1.5. Further, in compérison

with equation 4 in which interaction ecffects are omitted and equaticn 3

which includes them. the cwn effects of the educztion bics, recearch, and

b

extension are less jupressive in the absence of irnteraction (ouly the

27 As in the value

added function, there is a wuestion concerning the joint significance of
all six variables. In equations 2 and 3 they individﬁaily exhibit signi-
ficance at the 0.05 level with the exqeption of variable ITI(f). Yet

to tesﬁ the joint hypothesis that all six coefficignts on these variables

are zero, simultaneously, equations 3 and 5 are compared. The com-—

puted F(6,37) = 3.35 as compared to F.05 = 2.34. Therefore these

-

———————— -

. 6 . . . * .
2 In comparison with equation 3, the computed "F" statistic for the
rescarch input composition interaction variables 1is F(2,35) = 4.33 while

- F(.05) = 3.27.

27The compuﬁcd'"'" value comparing equations 3'5nd 4 is F(3,37) =

b
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Table 10

Regression Estimates of Factors Affecting Measured -
_ Returns to Sclae in U.S. Agriculture, 1959 \
Gross Value Fofmulation; Coefficients (Standard Errors)
Regression Number
Variable Mean 1l 2 3 4 5
| 1. Composition Effects
a) Direct pecuniary bias - .008 -.498
' ' (.366)
b) Expenditure elasticity .817 .884 .904 1,052 1.148 1.043
. for land and labor 2.210) (.212) (.166) (.172) (.173)
¢) Expenditure elasticity 1.473  .399 .272 .543 .560 .520
for intermediate inputs (.161) (.;32) (.103) (.106) (.112)
~d) b x research expenditures .011 " .012 T
(.011) (.011)
e) c x research expenditures .020 .022
. (.C07) (.008)
1I. Inforrction Cormplex '
a) Education bias .088 1.656 1.753 2.523 .848
_ ) . (.894) (.829) (.230) (.440)
b) Researcﬁ expenditures 13.27 -.045 -.049 - -.046 -.001
: (.019) (.019) (.002). (.001)
c) Days on farms by .307 495 .641 744 -.063
-extension perscnnel (.311) (.295) (.305) (.075)
d) axb .119 137 . .098
(.045) (.044) (.048)
e) axc -6.249 ~6.990 -7.565 -
(2.675) (2.651) (2.798)
£) axbxc -2056 ~.093 -.104.
. (.065) (.060) (.065)

III. Regional Dummies {South) + + + .+ +
Intercept 279 408 -.170 " -.074 .102
Dependent variable 1.68" oo

R? .862 .854 .818 .776 .719
RSSQ .0848 .0894 .1116 1374 L1727
d.f. 34 35 37 40 43



aa ——

Notes to Table ib

The only differcnce betwean variables reported here and in Table 7

is that in the gross value
{n both cost and revenuz.
estimate pecuniary effects,

formulation, intermediate inputs are included
Accordingly, the within-state regressions to
xpenditure elasticities, and the educatiocn

bias use a different definition of cost.



vériables appéar signific;né, and in conjunction with the evidence of
equation 4 it appears that the interaction effects, which contain the
{informaticn-scale hypoth;sis, are fequired to mzke "sense'" of the
individual variables 11(a), II(b) and II(c). —

Actually, the evidence summarized on Tables 5 and 7 are similar in

most respects. The two expenditure measures are ''significantly" positive

. and the information variables, II(a)-II(f), have the same signs and

similar computed "t-ratios." The most important difference is that the
pecuniary effect which is not significant in the gross revenue formula-
tion literally swamps the valuve added form. Also, neither the regional
dummy variables nor the éesearch—expenditure:elgsticity varizbles are

significant in the value added form. -



