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AIn recent years the assumption that schooling augments skills

ia central (but not critical) tenet of human capital theory, has come

,under attack with the assertion that the well-established pcsitive

icorrelation between schooling and wage earnings may wholly reflect

;a more basic association between pre-school ability and productivity
:It has also been established that information based on wage earnings data
iis unlikely to enable researchers to distinguish whether schooling serves
;to enhance skills or as a means by which employers are informed of

;the level of innate abilities characteriZing employees (signalling) 1

'-; At the same time, an emerging body of literature has focussed

;on defining alternative roles of schooling as a factortof production

?in environments in which it is assumed market signalling is much

}less relevant, chiefly agriculture. In particular, baqed on the‘work



http:signalling).1l

nay again reflect a relationsnip netween eneowment'ability and'allocative;

productivity— more able (potential) farmers may tend-to attend schoo

longer for consumption, learning efficiency or other reasons without

schooling necessarily contributing tokmanagerial ability,”

SIS TOY I g e e
uppears necessary to supplement cvidence on the association between

schooling and farm earnings with information on schooling investment
» en with ability held constant, moreover, the empirical |
estimates of the gross schooling—efficiency relations cannot be interpreted b

ns reflecting the actual association between schooling and allocative }f

efficiency (whatever its basis) unless it is assumed that there are

uo other constraints on or costs to allocative decision-making
% ; e

DP that neither "worker" (direct productivity, given resources) or

signalling effects of sehooling exist. To the extent that innovation

and allocation require timé3and goods, however. and education augments

.;._._.—-—. oo ...,;,

the returns to labor directly, either because there are worker effects

of schooling or schooling raises the price of time due to signalling

Eor "part-time" farmers, schooling attainment will be positively p‘f‘ |
/

c'rrelated with both the cost and ability to finance entrepreneurial

nctivities as well as with entrepreneurial skills.k Thus Hlth);

signifi

proportion of farm owners in both developing and developed“countries ‘

\

working off the farm, it is possible that the existence of signalling

(or worker) effects of schoolingbhave distorted the observed relations-.

between schooling (assumed only to. be a’ contributor to allocativ34 )

sy lls) and measures.“ farm efficiehcy,“ lthoug, the direction of

the "bias"rismnot obvious,“



"'In this paper we attémpt to formulate a rigorous test for

‘exnmining empirically theLrelationships between'l) schooling

!attainment‘and the adopt*on of new grain varietiesdand 2)ﬂschooling B

1investment and technicai change within a more general optimizing frame-‘

work in which the costs of allocative activities are taken into account

and schooling is allowed to play a number of roles, including signalling

;ln raising earnings.‘ The results are also potentially interesting in f:

providing information on the impact of agricultural development progranu

ﬁon the distribution of rural incomes in the long and shortfrun

e :
In section I model of a farm household which is subject to

a constant flow of new agricultural technology is constructed 1ﬁ"

Hhich‘the level of adoptive actiVity is endogenous and in which the;

fstockhof the household's allocative skills can be augmented_throughf

SChOOIing investment. The effect of schooling on the degree of :kf
dynamic allocative efficiency is decomposed into allocative, worke

and signalling effects and it is shown that the direction of'the _

‘relationship between schooling and measured allocativeyefficiency as

well as the response of schooling investment ‘toithe rate’ of‘technica

change depend crucially ontthe relative magnitud £ the’ individual

schooling effects.ﬁ In section 2i.result based on‘householdeata'

collected in India during the "green revolution" period i which

about the new technologies are usedﬂto drau inferences’concerning theu



;?educated farm operators and morn educated'farm 'iv’s‘were more likely

”to have adopted new high-yielding grain varieties and that neglecting

:?the value of time component of innovative activity significantly biasas
Fthc schooling-adoption relationship. particularly for farm wives. The
fresults also suggest that landowning households in districts with

fgreater flows of information on new inpucs tended to school their

..children more than otherwise similar farm households in other areas,

t‘even wben the income effects of such infbrmation are taken into

baccount, consistent with the hypothesis that schooling is perceived

.l.
b

as aiding farm operators in coping w1th technical change but not wit

”the signalling hypothesis. In the final aection the results are -
\ £ : 8 I )rﬂ N
sumnarized and inferences are drawn concerning the income-distributiona]
: fv .

Tconsequences of the interactions between schooling and agricultural tc

J

:technical change.

'1 The Hooel

v -’

a) Optimization

COnsider a three-person agricultural household which owns a

%fix°d13t°°k °f non-depreciating production assets (A) situatedhin a

1area characterized by a constant flow of new, productivity enhancin

finnovations k per perzod{ To utilize these innovations andﬁﬂxpand

foutputvthe household must combine th time of ts members and purchased~

xvs\

;goodsiwith the available (factor-neutral) technology. The relationship

rbetween the level of innovation‘v; assumed to be the same each period, .
1;and inputs is given by the linear homogeneous "innovation" production

'ffunction (l).¢



(1) V = V (T vit. Vj’ T 9 Vj’ HH H E)

;?jth period and the Hi are the

,fby the adult household numbers.‘ All arguments in (1) hawe p031tive first
. H _

:{derivatives- in particular it is assumed that H" and H contribute to‘

capital of the "child" in the household.contrdbutes to innovative effi-‘ f

3cienqy after the first period, during which the level of E is determined.f

: The continuous-time rate of increase in production u is thus a‘°3*f

ytfunction of‘"he level of innovating activity,v,and k 3 the flow of avail-ﬂ

f;able innovationskper period; as described in (2)

oFgC uj
rj(fj, fj.'rj,a H,H,E)Ke

.“entiable utility funtion, which has as arguments the stock of child "schooling"



'E and S, the standand of living conposite commedity.®

) Us, B

‘cording to the linear homogeneous schooling production function (5) -

(5) T EwE (T, X

,Where T is the tine the child spends in school and Xy is The levei or

5. 1s produced every period, such that
(@ “2e§ﬁ;- 9 (Tsj’ Tsi’ sﬁ' si

%where T j 13 the level of,the time 1nput of family member i spent in per;od

;j producing S and x ‘in thedper-period level vg“odsﬁexpendev in the pro-

aiotton of 5. s s-:ﬁ;eeéviéséii;‘ﬁaeservis;tsefaisabuatsaafeﬂaﬁané*
f§~ the horizon perlod ?émzt.;

‘It is assumed initially that the adults in the household spend son

{time. :j’ in off-farm employment everypt rio?, earnin;?wag rates Wi pex

;unit 'f time.“lThe chlld performs no market work 1n the fxrst,perlod bue

Wage ratee are‘assumed to be positi\

;funetion‘ 6ffsch'oling leyhls,(no‘ farm 'orkvr and/or screening‘effects).

5w1th;thektota1”time available'to eaohefamily member in eaeh{period given

}Qi the horizon-period wealth constraint 13 (7)




”j(n s‘+n jv)dj + n ot I v + nE

Ch i

= x P - +'t“rw +t° W

LR vi W +tvj c* 7 ,.;f LA q“ o P,

e By e

chd

5
Bt

X P . tsowuusowrﬂwrc, “s: ts:,wu +t j:«chsjwc Xy

+ tET and X 5X ,xh marginal goods inputSwin

; roduction of J;”S anJ E Pc- the marglnal product of chlld tlmelin‘farm

fproductlon 1n'the first period.
The household chooses the optimal levels of the standard of 1iving




| 'Lagrangean multiplier'ﬂ

First?orde tcondition (8)$states that the value of the marginal

.utility_ofetheinon-schooling consumption commodity.equals the sumgif the

per-unity;ireet and’opportunity‘costs over the planning period, the shadow -

priceyof S . n o Condition (9) indicates that the optimal level of schooling

;occursiattthe point at which the value of the marginal utility of schooling
’equals the first period sum of marginal goods and child labor opportunity
costs 1ess the discounted future stream of net returns associated with

;the three roles of schooling. If all three schooling effects are operative
3an additional unit of sohooling i) lowers the shadow price of the allocative

’;KVGH IGE<o) ii)‘ ncreases futur° wage earnings due to the non-farm

:worker or signalling (wage) effect (ijGWC/GE) and iii) increases farm output
5directly if there is a worker effect of schooling (PE .,the marginal pro-

:duct of E,>'ﬂ);but also iv) increases the child time cost in the production

'ofJS:and:inxinnovation if there is a wage effect.

j"inally, oondi ion (10) states that the discounted present value

kof the stream of gross income accruing to the househcld from an additionc

:unit of "innovation" ~ equals the present value of the time and goods

fresources used to produce that marginal increase. Expre551on (10) thufni

:implies that there isvan optimal level of dynamic production inefficiencw

1.
%

5the“marginal pr :uct of a real-'

fdifferwacrossahouseholds. even if informationgisnevenly vstrihutedgfff



To solve for the effects o. endowment schooling on the level of in-'
ﬂnovation and for the. effects of a change in tbe flow of innovations on _
schooling investment, equations (7) through (lO) are totally differentia- '
ted with respect to, the control variables.; As in any utility-maximization
model, the relationships between changes in control variables and exogenous
parameters consists of substitution and income}effects. rhoweVer, in this\b
_imodel the effects of schooling o 1nnovation and the response of schooling
fginvestment to changes in the flow of technology can be further subdivided f
i7into allocative, signalling and worker effects.,‘

If there are only allocative effects of schooling, the relationvbe-f

T*ween the schooling of adult household member i and innovation, given:by¢;L

?(ll), is likely to, but
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_If‘it is assumed that E: ds non-inferior, nE>'o, then if schooling,con-ﬂtw

lfitributes to allocative efficiency, 6K IGE<0, an increase in full income;f

fffby incre'sin thewlev lvof schooling investment, also lowers the cost ofg

“fv and (ll) will be unambiguously positive.§ '

B The response of schooling investment to changes in k implied by

l”!the model\under the assumpticn that schceling cnly increases allocative e

'i;PrOdUCtiVity, expressicn (13), :

(u r)i
{r( .)K | V(Jﬂkll +ukv)jdn

-1e

jcis also unambiguously positive with E assumed to be non-inferior and v

'ﬂfand k complements in ( 2 ) The compensated cross effect of the shadcw

.....

a0 s | fo)s

i »ﬁﬂ’i¢ﬁs;ta T 2
R

‘*ﬂnegative, sxnce second-order conditions require‘tnatvp». tne determinant

sitive, since an increase in E lowers the shadcw ‘rice of‘if



'Expression (15) also implies that tze'observed relationship between

ffull income and schooling investment will be greater than thivtru

lincome effect nE if schooling contributes to . ive efficiency

as a result of the dependency of the shadow price of E on the level
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substitution effects as. well as a negative income effect: an income-

compensated fall"n t}e~relative shadow price of schooling, expression'

(l7),induced by the risevin the adult wage-cost component in the
shadow price of S. increases the level of E and decreases the demand
for v, sinee the post-school "child" wage cost in the production of -
innovation rises. Because a rise in schooling investment increases ?l

lnv,”th income effect on innovation, given by (18), is also .

negativeﬁif B is non-inferior. With the schooling of adults
heing directly and positively assooiated with the price of time
component in the shadow price of innovation, all terms in the

brackets in (16) are. negative.

Similarly, whonrschooling only augments the ages of. children

ker effects hut not allocati/e %kills,

increase in the flow of new techniques, which increases,the le“ l;"'

,'l

of innovation, raises;the shadow price of schooling and“ ncreasesf

full income. ‘Given non-inferiority, the net effect oka on E,

" vhere °
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overstates the true income effect, since a rise in: B increases the

cost component.

k If schooling only augments agmcultural production through o
worker effects, the relation between innovation and endowment human
capital, given by (21) becomes ambiguous but schooling investment

e =

§H

s | T ¢ : a7,
1oifea =)0 - 3a _oeCamediia €012
o fKe‘.‘i‘ ro4dl (spngt,g);,' r; i.|<'
.0 |: SR ORI : W B

GE
' 6!1

o . H . |

(st + EtE) Gai.:"m

SAV




BL

ﬁinvestment responds positively to increases in the flow of available novel '

'fteehniques 1 E is a 'normal' good (22).?

:’Eship between Wt and Vis du _'?t :marginal Valu P act:

so that

'farm production in period one increasing with increases in H

lthe shadow price of B and S rise @fAs‘the first bracketed term in (21)

indicates, if E is more (child) time-intensive than S (c > a ), i.e., if
opportunity costs dominate direct expenditures relatively more in schoolin
than in the production of S, and if the marginal product of E in the post-

1school periods is insensitive to levels of Hi, then the positive income

p(“E’O) and own substitution terms may be partly or wholly offSet by the ;

;negative cross. subst tution term.e The positive association f*B with k,

described in (24), arises because the induced increase in the level of adoptec
technology raises the future stream of returns from schooling in agricultur-
al production, lowers the shadow price of v, whichlis complementary with
E in: this case, and increases income‘

The model thus implies that on farms in which some family members
kparticipate in the labor market l) a poSitive relation between schooling

endowment and level of allocative efficiency will only be observed if the :
_allooative or farm worker effects of schooling dominate Signalling (or f‘a
’labor-market worker effects) but 2) a negative correlation between educatio

:and allocative efficiency does not imply that schooling does not augment

‘allocative skills since the:existence of Signalling or market worker effects

‘may "bias" downward the gross school endowment-efficiency relation if such
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farm workers effects dominate signalling effects,'the'signiof?the un-.

compensated relation<between schooling iny s\ : flo
gy may be positive even if schooling serves onlyias a "signal" to the employ
ers of part-time farmers.

Implications can also be drawn from avsimilar model in which o work

is perfow;ed off the farm., In that case if there are allocative as well{ﬁ

as (farm) worker effects of education, a rise in endowment schooling t';??

‘raises?the opportunity value of time in innovating activ1ties;.just as ‘;f

e

kwould‘signalling, as well as efficiency in innovation and income-!worker

and allocative effectsvarezthus offsetting. Horeover, on full-time farms

S

an increase in non-earnings wealth also raises the value of the farmer s -

time, since the demand fbr consumption time (leisur 'frises, thus raising

o

the shadow price of innovation. Similarly, while the model implles that i]

o

farm size (A) is associated posztively with the returns to the adoption

of"ne,'production techniques, it is also poSLtively correlated with the valn

°f the (fUIl-time) farmer sitime in agricultural production and thusfthe

time-value component in the shadow price of innovation?_ Thus in a populatiox

in which all farmers are full-time even if thereware imperfect capitall_gl

mar&jts'such that land size and non-earnings wealth are 1mportant determinan1

of the ability to finance the adoption of agricultural techniques,it_e

relationships between farm_size, wealth and allocative effic1ency or adoptiox

cannot be predicted nor can the‘direction of the associat on 'e ee

sch: lingmand innovation lf worker effects_are.important

”cally both thefcet. p___ relation”between schooling andAa measure o‘/allocative
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'or adoptive efficiency and the partial association.between schooling‘invest-

ment and a measure of the (expected) flow of’i’:cvk*°’ ' Atheffi*

existence of productivity-enhancing schooling effectsvis established1which

could be applied to data £rom population in whichiw ke

(and thus "signal") and make production decisions, suchlas is characteristic;

fof most farm populations.. Thus, if a positive association betw

Eschooling and farm efficiency is found, based on data from such populations,

,the result would imply both that signalling was nct the dominant effect of

;schooling and that an observed income-compensated positive correlation

between schooling investment and technical change was due to the perception

ot

‘that schooling augmented agricultural productivity, schooling and ability

would thus not be merely proxies for each other._ Estimates of either the

b

schooling-efficiency or school investment-technical change relations would

not by tnemselves necessarily indicate a direct productivity role of educa- :
tion, particularly if wage rate data are not available or not used..hﬁv
' Pinally, the model implieslthat innovation is a function of 1ncome and :

prices. In particular, wage rates play a central ro le in determining the T

optimal level of innovation for the large proportion of farmers who derive

:ounded most seriously in thevschooling oefficient.; The gross t;~

’ﬁ"‘;' - 3~, m.,‘:

1ssociation between wage rates ndji! ion or ”fficiency canno-“be'pre-

licted however, since a rise in wages‘would have offsetting income nd

ubstitution effects.
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Ejﬂmpirical Application‘

;households in India, collected in three rounds between 1968 and 1971 f

;by» he National COuncil of Applied Economic Research. These data =

M1ique in providing infbrmation on a large;nmmep of socioeconcmic

;characteristics of rural families, including landless households, as

'well asvproduction infbrmation fcr farm hcuseholds. HO!BOVG?. households

:inl'he urvey were exposed differentially to information about new

&agricultural practices, chiefly related to new grain varieties e

“associated with the "green revolution" due to the implementationa

{beginn ng n the early lQGO's of a geographically selective governmental

the‘Intensive Agricultural District Program, ) (IADP).‘

lin whic’ on:"district from each Indian State was chosen to receive

fon alcontinuing basis technical assxstance and assured supplies of

;oredit andsfertilizeryv In~terms'of1the model households in these

{program districts‘thus were subject to a greater flow of informati«

fon new technique 'and faced lower prices in terms of the goods; i:

autilized in innovation.»

s will be concerned first with the association between schooling

jand innovaticn,utilizing informatio?:o che adoption of high-yielding

"ee of dynamic innovative

igrain varieties (HYV);hs a proxy v‘i‘

:efficiency.g Specifically;,we seek answers to'four questions- l)

;Are the schooling levels of farm 0 serators and: their wives pcsitivelyf

associated with adoption,_ _f.”‘



18

"ontrolling for . he“costs of‘innovation? 2)7‘Withfhalf

ghypothesis,
fof the heads of farm householdS«in'the sample (and§26 percenttof

g off the farm, is the estimated association between

schooling and HYV significantly altered when wage rates are included
in the adoption fhnction to capture time costs and pos31ble signalling

effects? 3) Do the relations between wage rates and. adoption suggest

that the value of time is an important cost to tarmers in allocative

activities? u) Did the IADP program succeed in inducing farmers |

i

to adopt new grain varieties? The answer to this latter question is
/

not only of interest to policy-makers but is important because the

existence of the program will be used as a basis for testing the

hypothesis that schooling investment responds to differential rates

t-,‘

'of flows‘in'new inputs, in the next section.'

Because the measure of adoptive efficiency is dichotomOLs,

Ztaking:on the value of one if high-yielding varieties are used and>0 |

:if not'ﬂwe.assume that the probabi‘ity of using the new grains in f ’

, ivi'household Pi is determine cording to the,ﬂ‘gtsticz

-a -zb X, + €;
zs) P = (l+ea: 1" 1)

uhere:the X, are independent variables assumed to influence adoption:;

i
and a and b are the parameters to be estimated. Equatio :_fil

be transformed into a linear equation in the X by solving:for'the



h1a

~matural logarithm of the odds ratio.

(26) L= ln(P /(1 P )) = a + 2b X + ei

,euparameters in (24) can be estimated using maximum likelihood

Artechniques and will have desirable asymptotic properties
2 The estimating equation determining the leve vof innovation, as:

measured by HYV use is thus.

t 81@1&;5: iw,«.cxa 1*‘
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Yliages were computed fromﬁauxiliaryfregressions“in which thev} ;;

Edaily wagesJof}farm heads (wives)x,ho reporte 5wage earnings were.“n |

fregressed against own schooling attainment, age, age squared, distance

ffrom;farm to village, the sex-specific district-level agricultural wag1

irate,'village size and dummy variables representing the presence of

?factories or small scale industry in the V1l]age'?,ifﬁp]‘f;""*

ciOn the basis of the analysis of the previous section, schooling

Zlevels and HYV adoption should be pos:tively correla ed if ‘:h oling s

,contribution to farm productivity through allocative effects dominates

fworker effects on full-time farms and all the:relevant costs of o

-and constraints on innovation are held constant, including wage

?rates (which capture "signalling" effects) The rationale for the

;inclusionvof°:he'ﬁ'her variables is as follows' The coefficient of
fBANK, included to capture the effects of imperfections in capital
{markets in rural India (assumed to be perfect,fn“the model) would
gbe expected to display a positive sign, given.that investments in
;irrigation and fertilizer are necessary for HYV use.s It would also

,be expected that the coefficient of NEARNonuld be positive, as

fwealthier farmers would have lower finance costs, although the model

jalso suggests that the value of time in full-time farm households is

;positively associated with wealth. Similarly, the greater_istAND

!the lcwer credit costs, theﬂhigher the return to investments in'°}

‘:ne' technology but the higher are time input Y tswon full-time Ti

'ﬁfarms}‘ ELBC is another proxy"or'the price off he inputs u ed"k;

;innovation' Singh has noted th electricity, available toponly‘ay

third of the households in: the sample, is an imp rtant input'for






2la

‘oS and LOGIT, Coefficient Estimates. ‘Identification’
e _of;IAPD Districts, 1961 District Data B i
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;{g‘:‘?(-

(acres), DIST- the Kusnets ratio of landholding inequality, NLAND

proportion of households without land, IRR-'peroentage of - land ,ﬂ

:firrigated, PROD“ rupee value of production per acre, PACTR!“*s-;’

:number of factories per household SCALB“’proportion of factories

employing 10 or more workers, LITH (F)- male (female) literacy rate,_%

‘ population aged 15-uu, ENRM' (F)- male (female) school enrollm'nt

1

rate:(s-lu). The results suggest that distriets w;th large factories

d charaoterized by greater 1andholding inequality, but not higherpﬁg

levels of agrioultural productivity, were seleCted for the PrOgram. “ﬁ

ﬁThe IADP districts also appear to be charaoterized by marginally

:?holdings of land. While these results, giving the "real" i e.,;jﬁy
?not official 1ntended, basis for 1nclus1on in the program, coulu}ij

ﬁbe interpreted 1n a number of ways, 1t is onlylnecessary for theif*

?purposes at’ hand that the set of 1961 variables_chosen accurately

'The residu s

Eicapture the. initial conditions in IADP districts.
orthogonal to the 1961 distriot‘

mputed from the linear estimates,.

*icharaotfristics, may thus better refleot the "value added" of the
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;ﬁaregomitted and IADP rﬁther than'the residual program measure is

fused, but}thev ther determinants-o innovation are inoluded. The

{schooling coeff ‘ients n cifi ation suggest that only the
"schooling acquired by the male*headfcontributes to dynamic farm
iefficiency, as the coefficient of BDH, but not EDW, is statistically

‘significant and positive. Ability to’ finance investments appears to

_he‘a significant constraint on adoption of HYV as BANK. NEARN,aand

fLAN_fdisplay positive coefficients, although LAND is also positively

fassociated with thekreturns to.adoption. The coefficient of ELEC

Jdisplays the expected positive sign as does IADP; the presence “ft

:extension prograns, however, appears to impede HYV use.

The theoretical analysis suggests that equation7l;if
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. of innovation, dominates the income (credit) effect. These results

- thus indicate not only the importance of resource costs and time
~value in determining the level of adoption but that ignoring the;
ﬂlatter cost importantly affects empirical.results focussing on»the
~relation between schooling and adoptive efficiency.ll |

In the third specification, the
'replacement of the IADP dummy variable by the'residual,measuregdoe

gnotialter_the,conclusion that the IADP program did induce;greater,

f£3£e57af adoption of HYV. 1In the final specification, the-singulate_¥
:achool level variables are replace by dummy variables. representing
,levels of schooling, where EDH (W)l= completed primary - education or
fbelow, but some schooling,'EDH (w)z- above primary but-below~
‘matriculation, BDH (W)a- matriculation or its equivalent, EDH (W)u-
_college graduate or. above. These variables are employed to insure
Vthat the "schooling" effects obtained do not merely represent

teturns to literacy and to identify ‘the most important levels of

‘schooling.

. yﬁgThe schooling dummy results, estimated on a random sub-sample
kof households from the 1082 household sample in order to conform to
iprogram constraints, indicate that for males all but the schooling
levels above primary but below matriculation contribute to innovatzc
;with the initial schooling years providing the greatest effect- the
;results suggest that the probability that a farm has adopted HYV.

fis 28 percent higher if the farm operator has received some primary

7ed"ation than if he is totally unschooled, controlling for the wage

ieffects of. schooling. Moreover, farms with wives who have attained

3schooling levels beyond primary gre. ll percent more likely to h:_.ii
}adopted the new grain varieties.12


http:varieties.12
http:efficiency.1i

b) Determinants of Schooling Investment

The results described 1n the prevxous section suggest that the level”ff

‘innovation on Indian farms, measured by the adoption of high-yielding
varieties, 1s positively associated with the schooling levels of the armerj
and wife, given wage rates and other variables representing costsland

constraints on»allocative activities. As demonstrated in the theoretic:%

section, this result implies that allocative efficiency but not screening
is responsxble for the observed relationship between education and innova io
but does not rule out the pOSSlblllty of schooling attainment being a'zroxy
for endowment entrepreneurial ability.. In: this section, we test thisk
latter proposztion by ascertaining if farm households in areas charec-
terized by more intensive exposure "to new farm 1nputs, .e., in IADP distric

:respond by increasing schooling: investment, as would be true if‘5

the: allocative efficiency effect of schooling were recognized. Wefalso }}g;

exploit ‘another dimenSLOn of the data by simultaneously examining school

investment behavxor in landless households, who would not bi;expected to‘

derive direct benefits from improved allocative skills in theipresen efof,jt
,technical change.
| To investlgate the determinants of household schooling investment using

micr fdata, it 1s necessary to construct ‘a measure of schooling~in stm t 5

uhich simultaneouely takes into. account differences in: the s;ze,an age .




_represents relative schooling intensity, EDI, computed separately for

?boys:and girls,*is given by (28)

£(28) G EDij % ._1"]_‘1 ; ;k»{‘:‘g-'mif.; xg 5..,,“;-1;} o

1-1 “m

iwhere EDixE:' the mean population schooling level: or chailaren. of sex k

?aged x.

EDixkju- the actual level of schooling attainment of. child i of

-BexX K- aged x dn household j

'“1the total number of children aged 5-1# in household 3o oo

'EDI will be less ( more ) than one if a family schools any chlld (or.
all ohildren) below (above) average levels, independent.of age, sex— :
:comp051tion and number of children.“(The measure will be biased (towar
one) by the presence of any children who have not completed school Jbut
'will reflect the higher school investment levels of the household if
these children are already at levels higher than the "norm" for. their
age,group.w

‘ EDI is first regressed against the -same set of variables as use
in the HYV functions except that a dummy variable representing the

'existence of ‘an’ educational 1nstitution in the v1llage, EDINbT, 1s ado

jand farm-related variable are omitted in the landless sample.H The

‘subsamples are. also composed o ouseholds w1th either male or female

'lohildren aged 5 ll&.zf

fin Table?S“‘ While webare primarily coneerned here with the coefficier
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Table 3 -

Variable Means by Presence of Hale, Female Children Aged 5-14,_35
in Landed and Landless Households |

4;g33ef5fé%#fs=asss;=======-—--ee—éeﬁeré—é—fé-—t*, T

R R Landed =~ . _ _Landless
‘Variable . Male Female = Male - Female
 Name Children ~ Children = Children  Children

EDIND 1,19 0.91 1,12 0.4
EDH 2.47 2,39 2,07 2.05
EDN 0.42 0.4y 0.56 0.61
LAND' Pos1- 1l e e

';WAGEM 12,91 12,36 17.31 8. 13?

 WAGEF 6.59 6. ua_ 7,90 8. 23
WAGEC 1.23f' 1.25 118 118

 NEARN 5. ss”: ‘87 ss' 55 1sﬂ 9, 711
BANK 0.64. 0.6 66 0 '625 o 55,;,,,
'Eacrn' 0.09 10,07 0.13; 0.4

““EDINS' 0,93 0,92 092 0. 91f

. AES’“-?; 0.5-1;.;: '"0 51 g _‘,,% ' Fanl
;IADP 0.25. 0,24 0,22

. 0.04 0.08 0.01

615 sss 264"
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,of the other independent ﬁariables. In particular, it suggests that ;ff;;

;childrenwcontribute‘t farm productionior work off the farm, Variables e

and‘th HChild wase rate ma“*be negatively associated ;ii

fwith EDI.; The analysis also’sugge;ts}that th_kincome effect on child

;schooling, from (15), measured by the coefficient of NEARN, will be biased
\\ “,"y':‘ T

upward in farm households if schooling contributes to allocative efficiency

, .Table‘u reports the schooling equation coefficients for male and
female children in the farm households.\ In the first-column specification=
,the IADP variable, which was found to be positively associated with HYV '

,.d

:adoption, has the expected positive sign here and is signxficant at the

‘one percent level. As discussed in the previous section, however, IADP,

being a regional dummy variable, may reflect other characteristics of

‘the disirict which may be correlated witinunmeasured determin nts of

,household schooling investment, such as attitudes towards schooling. i

'To check the robustness of. thls result, Wevadd the dlstrict-level sexur;

'specific school enrollment rates in 1951 ENRMSl ENRF 1. These v: les

should reflect the schooling "env1ronment" in existence in the district

prior to the introduction of the IADP program and thus should "net out".

those characteristics from the IADP coefficient. The;teffects" of th4
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Instrumental Variables Regression Coefficients. Male and Female Schooling
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jsignificant coefficient.r;

Of the~other'variables, the negative coefficients of LAND and

tWAGBC suggest that thk?i’ niime is an imporfl“v’ig;gglgff

[schooling.f Moreover, the greater absolute magnitude of these CoeffiCLcuLO

}infthe malewschooling equations is suggestive of“a greater relianc o

;the part of farm families on the farm work of male children than of .
;female children. Given the relative 1mportance of males in farm -

éproduction, the significantly greater NEARN coefficient in the male

schooling equation is consistent with the schooling-innovation efficiency |

(,tx.

frelationship being greater for malefchildren, resulting in a 1arger upward.

’

ibias in the'"ineomev coefficient, since 1t 1s unlikely that_the true

5income effect on female schoolingyi ess than that on:male education

A'he landless equations indicate that exposure to

‘technica1~change,‘controlling for the wage (income) effects of such
ichange, does not evoke any s1gnificant schooling investment response

ifrom landless families, as would be“the case lf hired workers were no

fexpected to participate in decisions relatlng to allocation or innova

rtion. While the IADP variable in p itive and statistically significant

{in the landless males equation (specification l), when the pre-program

{districtwcharacteristics are purged from the;;egxnal dummy, the "effect"

?of the program vanishes (columns 2 and 3), unlike 1n the farm households

| \.,§"‘_'"Pv19-3~;1

Mg:positive schoollng 1nvestment response on the part of farm

schooling to: decision-makers associated w;th more'rapid exposure to ;
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-n ew agricultural technologies,,indicated n the previous section, are:

two alte .ative‘interpretations

;iperceived by farm households.,h _we,ero

ffremain. First, the IADP coefficient may wholly reflect an income effect

e

- as arms'in IADP districts benef,

;;andflower input-prices, which if schooling is a non-inferior'commodity“

waould result ina greater levels of schooling, as indicated in the'f'7“¥

i*theoretical section, without schooling necessarily augmenting allocative

efficiency.i Second, t:e~technolowies associated Withfihe "green revolut

?fmay have resulted in a substitution away from labor inputs leading t0~m¥V

improve their chances of leaving the agrioultural sector (through

"screening) 3 With respect to the latter hypothesis, regressions with
riaggicultural wages as the dependent variable run on a set of personal

and village-level characteristics as well as the IADP-RES variable

1

hindicate that wage rates were 17 percent higher for male agricultural

.workers and 9 percent higher for females in IADP districts}u The gree
trevolution technology thus appears to be labor-uSing.sn@J?' |
fﬂ To test ‘the importanoe of the income'effect associated Wlth

'"technical change or schooling investment in farm households, the schooling

«equations were rerun uSing two-stage least squares, treating gross

7;household income net of non-earnings income as an endogenous variable

fireflecting the time value substitution effect, the non- arnings inconn

;,coefficient reflecting both the ure income 'd schooling-efficiency

f;effects, is positive, in accord With the presumptions of the model Et”
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fCOnclusions

By the formulation of"*':del of ‘the’ farm household in which thu

levels of farm efficiency or: innovation and‘schooling investment are

behevioral variables';a*two-dimenSional test for the existence of al

cative efficiency effects:of schooling in agricultural popu at ons_}

established in which signalling can be distinguished fro productivi
augmenting effects of schooling.; Empirical results based on an econo-

metric analysis‘of high-yielding variety seed adoption and schooling

ina\stment in(rural Indian households derived from the theoretical

ftamework are supportive of the hypotheses that schooling contributes

toginnovative efficiency and that farm household school investment, con-

tural inputs.f Moreover, the‘results indicate that variables which con-‘

dition the behaVior of the farm operator( .,must be incorpor ted into

analyses of production relations in agriculture to obtain unbiased

estimates of the parameters c”aracteriZing those relations and thus call

into question prior estimates of schooling-efficiency effects which ig-

nore SUCh variables.

. The results obtained also suggest that agricultural development

'x
” i#

amsl such as the Indian IADP, can succeed, where implemented in

of agricultural, raising farm“earnings B

accelerating the modernizati\

as 'ell:as agrioultural wage rates:and indicate a complementarity be-“

tween agricultural investment and schoolin asfinputs in the developmentf

nrocess. However. the differential in- the school investment response
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%tonlows of new techniques betweenyfarmﬂhouseholds and ruraltnon-farm

ffamilieskdue:to the alloeative returns from schooling investment only

;aeeruing to decision-makers means that earnings inequality between landed

 change persists;unless the returns to schooling also rise in the non- fif

Tfarm sector.
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ke DEE apence, Radey and Lazear. :

: 2. ,VSchultz summarizes this literature Notable examples are Pane |
.end Huffman, who utilize aggregate U.S. farm data. s V

; : a\Two aspects of imnovation time are search, where the. individual
cbtains ‘information on the prices and production characteristics of new
vinputs. and experimentation, including the monitoring of input performance

f““‘b@.f Approximately half of U.S. farm operators reported off-farm -
Cearnings in 1964 according to the 1964 Census of Agriculture. About the
same proportion of Indian farmers were employed off their farms in 197t~
;71 See section 2, below.

W'F?)S; We abstract from the interrelationships between the quantity'ﬂ‘h
:and quality of children and, perhaps Tore importantly, from uncertaintyé]
amd risk.»

6 ijThe reason that the innovation-income effect exists onlf if'&’f’
is non-zero is that perfect capital markets are assumed. . The effects’

of capital market imperfections are discussed in section 2.

‘ w, 7 Fane and Huffman both explicitly consider only the correiation
between the returns to allocative efficiency and farm scale, ignoring
‘the value of time effect. Neither find a significant poSitive asso-'g;;
;{gciation between size and efficiency; indeed, Fane's measures of farm
‘stcale and cost efficiency are significantly negatively correlated. The :
Uffmodel formulated here presents a consistent explanation for these results

e 8. These variables take on the value of 1 if the individual receive
primary schooling or below only, but some education, 2 if the schooling
level was above primary but below matriculation, 3 if the individual had

‘a matriculation diploma, and 4 if the individual at minimum attended
college. Converting these measures to year equivalents did not alter
",the qualitative results. The use of a dummy variable specification is

reported below.



e The imputed wage rates will only be rough approximations to
?the price of time of farm family members who do not work off the farm.:
?Indeed, the theoretical analysis suggests that the effects of almost al
:the variables on HYV will differ according to the off-farm participatio
Estatus of the farmer(s). We are only concerned here, however, with the
’average relationship between farm characteristics, schooling and innova
‘tion‘in a heterogeneous population composed of both participants and
non-participants and how these relationships are altered by considera-'
,tion of variables associated with the costs of innovative and schooling
activities.

lO. The ambiguity characterizing the relationship between farm siz
and . innovation is reflected in the empirical literature on agrieultural
innovation. Por example Singh finds a positive association between farr
acreage and an index of modernization, based on farm-level data from :
the Jaunpur district in India, while Mangahas, as reported ir Nerlove _'
and Press, finds a significant negative effect of farm size on HYV adop
tiondin the Philippines. ‘Neither studj employs wage ‘rate’ data, both
ignore the schooling of the farm wife. SR b

1?. ll The wage rate results are insensitive to the functional form
chosen fbr the instrumental wage equation--the use of a log—linear _
specification, however, resulted in marginally higher standard errors. ‘

:.a 12 -The effect of a unit change in any independent variable Xi on
the probability of HYV adoption can be approximated from the LOGIT para-

GP
neter estimates by the formula 3—2- b (P ) (l-P ) vhere Pi is the

subverts the int_"
nent-technical el .
allocative effects of;kchooling.
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an s .822 + OSSEDH - .OOOBAGE + .OH»DPOPVIL + .225PACTRY

M (.016) (016) - (.om») (069)
+ .117WEATHER + .172 IADP=RES = R2 2 .255

(.055) (.072) . S.EE ; .ulo

oW = .191 + .OSGEDW + .OLLAGE + .OS7POPVIL + .266- PACTRY

(.034) (.016) (.007) (. 079)
+ .03IWEATHER + .092IADP-RES R% = .232
(.063) (.061) SEL =

.372

Hhefe AGE = age, in years, POPVIL = total population of village,'
WEAIHER crops not adversely (1) or- adversely (O) affected



