THE IMPORTANCE OF LEARNING IN THE ADOPTION
OF HIGH-YIELDING VARIETY SEEDS

Lisa A. CAMERON

To date, due to the lack of panel data, most micro-level empirical studies of technology adoption
have used cross-sectional data. These studies cannot examine the dynamic processes of adoption
such as learning. This article uses panel data to study the adoption of a new high-yielding variety
seed. First, it establishes that learning is an important variable in the adoption process. Second,
it establishes that cross-sectional estimates of a dynamic process are biased but that the extent
of this bias may be small. Third, it illustrates the econometric methods needed to estimate a
dynamic mode}l when controlling for unobserved household heterogeneity.
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econometric methods needed to estimate a dy-
namic model and control for unobserved
household heterogeneity (an issue previously
addressed in Arellano and Bond).

This study uses ICRISAT panel data on
thirty-one households in the village of Kan-
zara in Maharashtra, India, to study the dy-
namic process of learning in the adoption of
a new high-yielding variety (HYV) cotton
seed. The data covers the period 1975-84; the
new seed was introduced in 1980. The re-
mainder of the article is structured in the fol-
lowing way. First, a simple theoretical model
of learning is developed. Farmers are modeled
as being uncertain about the profitability of
the new seed relative to the old seed and, they
learn about this through their own experience
with the seeds.? Second, it is established that
if the theoretical model is true, then cross-
sectional estimates of the structural variables
are biased. Third, the nontrivial difficulties of
testing a model which has a lagged dependent
variable when controlling for household het-
erogeneity are discussed. This section also
discusses the consequences of the possible en-
dogeneity of some of the explanatory vari-
ables. Fourth, the learning model is estimated
on the panel data and the panel estimates are
compared with estimates from the cross-sec-
tional data (without dynamic terms) to quan-
tify the extent of the cross-sectional bias. Con-
clusions are then drawn in the final section.

A Simple Model of Learning

A very simple model of learning is developed
and tested in this article. The model can be
viewed as the first step in determining the
importance of learning in the adoption process
and a launching pad for testing more complex
and realistic learning models in future work.
The adoption decision is modeled as the de-
cision between planting a plot of land to the
new HYV cotton seed and planting it to the

' The data and theoretical model are those of Besley and Case
(1993b), but the empirical technique that establishes the importance
of learning will differ. The choice of model was in part determined
by the need for comparability with previous cross-sectional studies.
Agn abviaus alternative modet is Foster and Rosenzweig’s model of
Jearning about optimal inpus choices. Howeves, the main advantage
af that maodet is that @ aftows for the e\ummon of Xearmng from
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traditional cotton seed.* Assume that farmers
aim to maximize expected profits in each pe-
riod.> The farmer is uncertain of the profit-
ability of the new seed relative to the old seed
and learns about this over time from his own
experience with the new seed. The profit-
ability of household i’s plot j in period ¢ de-
pends on farm characteristics such as farm
size, x,, and plot characteristics such as soil
type, w;,. When forming expectations of the
new seed’s profitability relative to the old
seed, the farmer therefore takes into account
the above factors and augments this with his
or her stock of seed-specific knowledge, z,,.
We can therefore write

(D) E(’Tl'f;,” - ’IT,/,) - f(xm Wi Zi)
where E(mf" — w() is household i’s expec-
tation of the profit differential between the
new seed and the old seed on plot j in year ¢.

If the variable y;, reflects the adoption de-
cision and equals 1 if the new seed was sown
by household 7 in plot j in period ¢ and oth-
erwise equals zero, we can write

I

1 if E(m})

ijt

0 if E(wly

it

- wy) >0

) = 0.

(2) Yijr

—_— ,.n-gzﬂ
Hence the planting decision is determined by
farm and plot characteristics and the farmer’s
knowledge of the new seed:

(3) yijr = g(xin Wijl’ Zir)'

In order to estimate the adoption decision
it will thus be necessary to obtain an empirical
measure (z/) summarizing the knowledge
gained from previous experience. The average
of all profit differentials that the farmer has
experienced in previous years is used, that is,
the difference between the profitability per
acre of the HYV seed and the traditional seed
averaged over all previous periods in which
the new seed was used:®

* The choice to plant the land to cotton in the first place is ignored
in this article. See footnote 17 for a further discussion of this point.

5 This assumption ignores the role of strategic experimentation in
the adoption process. It does not allow farmers to forego current
profits in order to learn about a new seed and so to be in a position
to possibly more than recoup this loss of profits in succeeding pe-
riods. Allowing for strategic experimentation complicates the prob-
fem sxgmﬁcaml) and is an area for tunher research See Besley and
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If the true model involves the dynamic
where N, = the number of years that house- learning term z/, then such a cross-sectional

hold i had planted the new seed and y, = 1 podel will only yield unbiased estimates of

if y;, = 1 for any j. i the underlying coefficients, b,, b,, and b,,
' Okne Cimd th“t‘)k chl the }ﬁouseholc:) updating  yphen Jearning from own experience does not
}ts nowiedge ?Sﬁ ont e ?zw ? Serva't 10D ¢Kke place in the period of estimation (the av-
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household heterogeneity even when learning related with the error term (Hsiao).!? The
is absent. method of instrumental variables will be used
The consequence of unobserved household to remove this bias. For convenience, the bias
heterogeneity is that the error term in equation  arising from the use of fixed effects in a dy-
{5) has a household-specific component and namic model is explained below in the context
so is not independently distributed. This com- of a pure lagged dependent model. The logic
ponent can normally be modeled as a random holds for the model in equation (7) since the
effect or as a fixed household-specific con- average profit differential is correlated with
stant. The random effects method, however, the lagged dependent variable. The fixed-ef-
is not valid in this context because it assumes fects model effectively converts all variables
that the household effects are uncorrelated to deviations from their household mean over
with the explanatory variables. This assump- the entire period:
tion is violated by a lagged dependent variable ~
(or a variable related to a lagged dependent (8) y; —¥;=a (X, — X)) + ay(wy, — W)
variable, such as the average profit differen-
tial) because it is correlated with the unob-
served heterogeneity and, hence, with the ran-
dom effects.’® Therefore, the error will be
modeled as a household-specific component
using household fixed-effect dummy vari-
ables." The fixed-effects model correspond-
ing to equation (5) is depicted in equation (7):

+ as()’m—x - )71;',—1) + (eij{ - Eij)

where ¥, X, w;, ¥, -, and &; are the household
means of the respective variables over the en-
tire period.

Note that y,,., is a function of e¢,,_, and &;
is a function of e;,_,. Therefore it follows that
Ely;-1, €;1 # 0 and, hence, (y; , — ¥, )
breaks the condition for unbiased estimates
N yp=o; + B, X, + Bywy, by being correlated with the error in the fixed

i effects model. The bias that results from this
+8, S [y, w0 — e YN, correlation can be eliminated by using instru-
s mental variables. Instruments are needed for
Yy that are correlated with y,,_, but not cor-

it related with the error term through &,.'3
Instruments have to be found for the av-
where X, includes only those x,’s which are erage profit differential for the learning mod-
time-varying to avoid collinearity betweenthe  e]. The ICRISAT data are especially well-suit-
household-level variables and the fixed-effect ed for finding instruments. They provide in-
dummy variables. formation on the households in the five years
before the introduction of the new seed as well
as on the first five years of the adoption period.
Instrumental Variables Estimation Since the means in equation (8) are construct-
ed using data from the post-introduction pe-
Unfortunately, controlling for household het- riod, any variables from the period before in-
erogeneity using fixed effects in a dynamic troduction are valid 11‘1strument.s.14 The instru-
model introduces another source of bias be- MeNts must also be time varying so they are

cause the lagged dependent term is then cor- 1Ot collinear vsfith the fixed effects. Two—§tage
least squares is then performed. Experience

_ with other HYVs five periods ago, HYV,_,,

+e

23

:

Copyright © 1999. All rights reserved.




88  February 1999

and the income derived from those HYVs,
%, 5, are used as instruments. Equations (9)
and (10) show the first- and second-stage re-
gressions, respectively.

1
©) 2 G mh, = w)IN]
n=1
=m; + 3 HYV, s + 8,m,_5 + d5x,
+ Bewy, +ouy
(10} Yijg = 4 + a, X, + AW,

1—1
+ a3 D (Vi (75— 7 )N,
n=1

+ ey,

Arellano and Bond propose an alternative
method of instrumentation to deal with the
bias caused by the inclusion of fixed effects
in dynamic models. However, their method
cannot be used effectively with ICRISAT data

becauie it ingnhie gligicoting tha boporheld_Hpyurical Results
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adoption decision. Instrumenting for the en-
dogenous variables using pre-introduction
variables removes such correlation for the
same reason as it does when instrumenting for
the learning term.

The variables most likely to be endogenous
are wages received and total household as-
sets.'® If incomplete labor markets exist and
the new seed is more labor intensive than the
traditional seed, adoption may result in more
family labor being allocated to the plot, re-
ducing income from other sources. Similarly,
if there is a significant difference in profits
between the new and old seed then use of the
new seed could affect the household’s assets
in the current period. The instruments used
below are the total (household and hired)
number of male and female workers five pe-
riods ago and the number of household mem-
bers five periods ago.

L

cannot be traced over time in the ICRISAT
data. It is worth pointing out a significant
drawback of their method in the context of
learning models. By requiring two period lags
(two lags are required for their test of serial
correlation) any potentially valuable infor-
mation contained in the first two periods is
lost. These periods are likely to be vital in a
relatively fast process such as learning. Ar-
ellano and Bond’s method was used to esti-
mate the learning model using household av-
erages of the variables but it did not produce
any significant results.!®

Controlling for the Possible Endogeneity of
the Explanatory Variables

The final problem to be addressed is the pos-

The data used are the ICRISAT village level
surveys of Kanzara in Maharashtra, India.
Thirty-one households are covered over a ten-
year period, 1975-84. The data are at the plot
Ievel and provide information on various plot
and household characteristics. This analysis
investigates the introduction of a new HYV
cotton seed, AHH468, in 1980.

Focusing on the decision between planting
the traditional cotton seed and planting the
new HYV seed, only those fields that were
sown to cotton were included in the sample.!’
Three observations were dropped from the
sample because some variables had missing
values. The model is tested on the period

' Trrigated area per plot could also be suspected of being endog-

t it is judged to be exogenous. lrrigation
Slble endogenelty Of some Of th&eﬁtﬂ%ﬁ@ﬂ?gg r1g1E?a§H3§?gr%1é|E§ﬁ831nh and although mdrketdb]e vmter is not
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Table 1. Summary Statistics of the Data by Year

1980 1981 1982 1983 1984 Total
Total number of cotton plots 73 64 71 59 78 345
Number of plots sown to the HYV 3 3 9 21 58 94
Number of households 29 25 25 23 26

$1981-84.1® The resulting sample has 272 ob-
servations.

The period 1975-79 is used to construct the
“pre-introduction” instruments. Table 1 re-
ports the number of cotton plots, households,
and number of plots sown to the HYV in each
year. Figure 1 shows the households’ use of
the new seed over the period.

The estimation procedure used is the linear
probability model. This procedure is used be-
cause it is the only estimation procedure that
produces consistent coefficient estimates
when fixed effects are required to control for
unobserved heterogeneity. Estimates from
probit and logit models are biased and incon-

' The year 1980 is excluded from the sample because at that stage
no Jearning hag taken place.
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sistent when fixed effects are used.'” The lin-
ear probability model does, however, have
some potential, albeit less serious, problems.
They are (a) heteroskedasticity of the error
terms which is overcome by using the White
correction for heteroskedasticity and (b) the
inability to constrain the predicted probabil-
ities to lie between 0 and 1. This problem is
more serious when the mean of the dependent
variable is close to zero or one. The mean of
the dependent variable in this study is 0.335.2¢

'? See Hsiao (pp. 159-61) for an explanation of the bias arising
in maximum likelihood estimation with fixed effects. Conditional
logit models with fixed effects produce unbiased estimates; however,
the method is practicably unfeasible when the number of observa-
tions per fixed effect varies over time as it does in the ICRISAT
data.

# Results from the linear probability model were compared with
those from a logit model (both estimated without fixed effects) as
an informal validity check. The results were similar.
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Graphs by Household Numbers

Graphs by household numbers
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Table 2. Household Level Differences in Average Profits Between Seed AHH468 and
the Traditional Cotton Seed

Number of
Households Mean of Standard
That Used Non-Zero Deviation of
Seed Values Non-Zero
Year AHHA486 (Rs/Acre) Observations Minimum Maximum
1983 9 355.93 682.7 —408.1 1,882.3
1982 6 110.02 309.8 -240.8 503.9
1981 3 —123.47 196.6 —-314.5 78.2
1980 2 —41.88 505.4 -399.2 3155
The evidence of learning obtained from es- and wages received in cash and in kind [Rs]).
timating the model on the panel is first ex- These variables may also affect the house-
amined below and these results are then com- hold’s attitude toward risk and the house-
pared with the cross-sectional results to assess hold’s decision making under uncertainty.
the extent of the bias inherent in the cross-
sectional estimates. Summary statistics of the profit differentials
by year are shown in table 2.23 Table 3 shows
summary statistics of the other explanatory
ﬁ Tl 1 rd < 5 4. vrvwnk"‘u_n_“[‘ nf tho - v
!
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Table 4. Regression Results

Dependent Variable = 1 if the new seed was planted, 0 otherwise

[1] [2] [3]
Instrumental Instrumental Pooled t-stats
Regression #: Variables Variables Cross-Section [2] vs [3]
Average Profit
Average Profit Differential
Instrumenting for: Differential Wages, Assets
Constant (. 462%%* 0.340%** 0.33] ***
(3.098) (1.862) (3.127)
Average profit 0.600*** 0.537***
differ’l (X1,000) (1.996) (1.998)
Irrigated plot 0.0469*** 0.0562%%* 0.0442%** 0.583
area (2.784) (2.848) (2.838)
Medium black —0.300%** —0.306%** —0.214%** 0.710
soil (—2.978) (—2.529) (—2.460)
Medium-shallow -0.276 —(.314%%* —0.108%** 0.149
black soil (—1.614) (—1.780) (—2.584)
Shallow red -0.333 —-0.0446 -0.1082 0.159
soil (—1.218) (—0.112) (—1.007)
Bullocks owned —-0.000479 —-0.0195 —-0.0160 0.0568
by household (—0.136) (—0.344) (—0.797)
Years of 0.00347
schooling (0.398)
Females —0.157%** —0.152%** —0.0438*** 1.191
(—1.798) (—1.735) (—2.114)
Total assets 0.000813 —0.000440 0.000388 1.164
(0.759) (—1.083) (0.457)
Owned area -0.0306 0.0386 0.00310 0.622
(—1.356) (0.692) (0.295)
Waees. (X 1,000 0.0472%** 0.0287 0.0155%** 0.135

Copyright © 1999. All rights reserved.
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Appendix
Table A.1. First-Stage Regressions
Average Avge
Dependent variable Profit Profit H’hold Owned
(N = 272) Differential Differential Wages Bullocks
Constant -218.2 —-272.41 —325.07 —22.486
(—1.840) (—2.363) (—0.440) (—1.189)
Avge incomefacre (t — 5) —1.167 —1.531 —-1.609 —0.0497
fHYV{( -5 =1 {—~9.084) (—11.481) (—1.883) (—2.275)
HYV (¢ — 5) 497.47 699.69 215.44 0.655
(6.934) (9.133) 0.439) (0.052)
H’hold and hired male —-0.130 0.220 —0.00613
workers (f — 5) (—5.950) (1.565) (—1.708)
H’hold and hired female —0.0398 —0.341 0.00574
workers (t — 5) (2.990) (—3.993) (2.629)
Household members (t—5) 28.843 112.44 1.509
(3.399) (2.066) (1.084)
Irrigated plot area 4.598 -0.214 29.394 1.555
(0.568) (—0.028) (0.592) (1.224)
Medium black soil 10.776 1.425 —331.55 —0.280
(0.267) (0.037) (—1.346) (—0.044)
Medium-shallow -5.075 —-51.237 —463.87 —-2.718
black soil (—0.080) (—0.840) (—1.186) (—0.272)
Shallow red soil —300.65 58.651 3,466.83 82.856
(—1.236) (—0.120) (2.161) (2.019)
Bullocks owned by —20.546 —1.646 —657.56 —-2.925
the household (—1.336) (—0.120) (—7.495) (—1.304)
Females 166.19 124.33 —6.867 —4.240
4.177) (3.232) (—0.028) (—0.672)
Total assets 1.133
(2.744)
Owned area 24.300 45.167 108.91 13.525
(1.812) (3.894) (1.465) (7.111)
Wages —-0.0186
(X 1,000) (—1.824)
Year = 1984 104.73 166.96 952.68 31.548
(3.264) (5.994) (5.334) (6.906)
Year = 1983 —8.851 —17.043 1,177.91 40.201
(—0.251) (—0.596) (6.421) (8.568)
Year = 1982 —9.947 42.056 631.98 17.631
(—0.337) (1.470) (3.445) (3.757)
Test of Instruments (p-value) 0.000 0.000 0.000 0.000
R-squared (adj) 0.5718 0.6114 0.9344 0.9523

Note: t-statistics are shown in parentheses. Fixed effects are included and significant at the 1% level.
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