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Foreword

MARKET PERFORMANCE can provide the basis for evaluating the prof-
itability for many potential investments, and the economic returns
to investments are appropriately analyzed within enterprises in
terms of profits to the investor. The World Bank, however, fre-
quently helps to finance investments for which private profits pro-
vide only an incomplete or indirect indication of economic return,
such as investments to improve an economy's infrastructure-its
roads, ports, public health, public education, public security, tele-
communications facilities. These improvements, in turn, encourage
the development of private economic activity. Infrastructure sec-
tors often require large resources compared with the scale of the
national economy. Investments in some sectors, such as education,
health, and security, not only promote private growth but help to
meet the ultimate goals of development.

Because these sectors are important, then, and because market
mechanisms to guide the level and composition of such investment
in them are not reliable, careful economic analyses are required to
provide information on economic viability. An important part of
World Bank work is to undertake such analyses-both to improve
the quality of the Bank's own project portfolio and to assist member
governments in planning investment programs for infrastructure.
The World Bank's research program plays an important role both in
developing the methods for assessment and in providing a broad
base of empirical information on investment costs and returns that
can be used to assess any particular project.

In this book, Dean T. Jamison and Lawrence J. Lau report the
results of research on the economic returns to investment in educa-
tion in rural areas. Their careful and innovative treatment of exten-
sive data sets (from Korea, Malaysia, and Thailand) and their sys-
tematic integration of previous findings with their own provide an

xi



Xii FOREWORD

excellent example of applied microeconomic research. Their book
provides, then, not only convincing evidence for high economic
returns to educational investment in rural areas; it also exemplifies
how microeconomic research can illuminate important investment
choices.

HOLLIs B. CHENERY
Vice President
Economics and Research



Preface

DEVELOPMENT STRATEGIES INCREASINGLY EMPHASIZE agricultural de-
velopment, employment, and equity. It is therefore important to
examine the role of education in light of these new emphases. The
educational requirements of a capital-intensive, industrially fo-
cused growth strategy can be expected to differ in important ways
from the requirements of a strategy placing greater emphasis on
employment and agriculture. Nonetheless, much of the research on
the economic benefits of education is limited to examination of data
from the urban wage sector. One conclusion recently emerging from
this research has typically been that there is overinvestment in
education, particularly at the higher levels. There is strong feeling,
however, that this conclusion, which is based on the structure of
earnings and employment in the formal urban labor market, is
inapplicable to the new growth strategies. For example, John Mel-
lor (1976) has argued:

All aspects of agricultural growth through technological change
are based on expanding the number of rural supporting institu-
tions to benefit the small farmer, who is a crucial part of the
overall high-growth strategy. Because of the agricultural sector's
massive size, the intensity of use of trained manpower, and stress
on broad participation in growth, an emphasis on rural develop-
ment requires a huge expansion of education at all levels. Also,
the broader the participation in rural development, the more
intensive the requirements for trained manpower (p. 74).

Mellor thus views investment in education in rural areas as a
central ingredient in a strategy to improve agricultural productiv-
ity, principally through its complementarity with new inputs such
as chemical fertilizers and pesticides, irrigation, high-yielding va-
rieties, and effective research and extension services. Therefore, as

xiii
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Schultz (1964, 1975) has emphasized, education can be expected to
have a stronger effect under conditions of a changing or moderniz-
ing agricultural environment. But whereas Mellor rejects the con-
clusion that there is typically overinvestment in education, he offers
little concrete evidence that education will play the role he expects
it to. The plausibility of the arguments of Mellor and Schultz-and
the importance of their conclusions for investment policy in educa-
tion-suggest that the empirical validity of the arguments should
be carefully tested.

In this book we examine existing and develop new empirical
evidence concerning farmer education and farm efficiency. The
existing literature, which is reviewed in Chapter 2, strongly sug-
gests that more educated farmers are more productive, particular-
ly, as Schultz hypothesized, in modernizing agricultural environ-
ments.

The robustness of previous findings is checked by examining
education's effects on farm productivity using three new data sets
from Korea, Malaysia, and Thailand. Still another purpose of the
monograph is to bring new techniques of analysis to bear on the
relation between education and efficiency. In particular, the data
set from Thailand includes information on the prices at which each
farmer bought his inputs and sold his outputs; this allows us to test
how well education helps farmers to adjust the level and composi-
tion of output, as well as levels of farm inputs, to the prevailing
prices. Finally, we introduce a new concept of efficiency-market
efficiency-to examine the extent to which farmers get good prices
for their inputs and outputs in imperfect product and factor mar-
kets. Again, the price data from Thailand allow us to test for educa-
tion's effect on market efficiency.

The present study, however, like those that have preceded it,
leaves unanswered two important questions. The first is: to what
extent do the observed correlations between education and effi-
ciency result not from the effects of education but, instead, from
attributes of farmers correlated with their having education? The
second question, closely related to the first, is: through which of
their outcomes do schooling and extension produce their effects? A
follow-on to the work reported here, involving new survey data
collected in Nepal and Thailand, is now under way at the World
Bank. These new surveys were designed to obtain two categories of
data that were previously unavailable. The first was data on the
family background of the head of the farm household and that
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person's spouse. The second included measures of the ability,
academic achievement, agricultural knowledge, and modernity of
attitudes of the adult members of the households surveyed. (In
addition, the follow-on studies gathered data on the fertility, health,
and nutrition of the farm households in the sample; this will allow
examination of education's effects on aspects of rural development
other than agricultural productivity.)

Both sets of data will help ascertain the extent to which the
apparent contribution of education to productivity results not from
education itself but rather from such correlates of education as
ability or family background. Results from the tests will help quan-
tify the extent to which each of education's measured outcomes
increases productivity. Preliminary results of the Nepal and Thai-
land studies are now becoming available (Jamison and Moock 198 1)
and indicate an effect of education independent of family back-
ground operating (in Nepal, at least) partly through improving
farmers' numerical skills.

The present work should be seen, then, as the first part of a
two-part endeavor by the World Bank to understand better the
linkage between providing education (and extension) opportuni-
ties, on the one hand, and expediting improvements in agricultural
efficiency (and other aspects of rural development), on the other.
Whereas this first part of the endeavor principally delineates the
existence and size of the linkage, the second part will use new data
to ascertain the mechanisms through which education produces its
effects.

DEAN T. JAMISON

LAWRENCE J. LAU
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CHAPTER 1

Introduction and Summary

THIS BOOK EXPLORES THE RELATION between the education farmers
have received and their subsequent efficiency as farm operators.
Economists assess the economic benefits of education in the wage
sectors of an economy by attempting to ascertain the effect of
educational level on wages or earnings; for the self-employed,
however, this approach breaks down, and other methods must be
used to ascertain the nature of education's effect and role.' Our
concern here is with the self-employed in agriculture-the small
farmer.

Bowman (1976b) has argued that education and information rel-
evant to the small farmer might usefully be categorized along a
continuum, the poles of which she labels "formation of compe-
tences" and "transmission of information." Basic competences-
literacy, numeracy, and general cognitive skills-are best formed
through schools or similar institutions. Information-on prices,
new seeds or techniques, irrigation methods, and so forth-can be
transmitted through a variety of institutional or noninstitutional
frameworks, including extension services. Whereas the goals of
information transfer services can be stated in narrowly economic
terms, the development of competence can be expected to have not
only economic benefits in agriculture, but also in the improvement
of other aspects of household life and in the encouragement of a
critical self-reliance.

1. See King (1978) for a thoughtful analysis of the relation between education and
self-employment, and Wharton (1965) for a more specific discussion of the agricul-
tural sector.

3



4 INTRODUCTION AND SUMMARY

Important as the range of benefits of schooling (and, through it,
improved intellectual competence) may be, this study is concerned
solely with ascertaining empirically the effect of schooling on agri-
cultural efficiency.2 Likewise, when the data are available, we ex-
amine the effect of access to information, as measured by exposure
to extension services. The analyses reported use data from Korea,
Malaysia, and Thailand. In addition, related findings from several
other countries of Africa, Asia, and Latin America are reviewed.

Methods

The data used in the empirical analyses (Chapters 5 through 7)
come from surveys of individual farms in Thailand, Korea, and
Malaysia. We used these data sets because they were available and
contained information on education, farm inputs and outputs, and,
in the case of Thailand, prices for the inputs and outputs of indi-
vidual farms; thus, they provided an opportunity to test the effect of
education on farm efficiency. However, it is plausible to argue that,
within a community, there may be no ascertainable relation be-
tween education (or exposure to extension) and productivity, be-
cause farmers who are less educated will follow the more produc-
tive practices of their more educated neighbors. If this were the
case, then the effects of education could be discovered only by
examining whether communities (or other aggregates) with higher
average levels of education had higher levels of productivity. This
might, then, be an argument against using data on individual farms
to investigate the issues we are addressing here.

2. The World Bank has recently sponsored a series of reviews, edited by Timothy
King, of the effects of education on many aspects of development. In this collection
Bowman (1980) surveyed the effects of education on economic growth in general;
Berry (1980) reviewed the literature on education and earnings in urban areas; Fields
(1980) reviewed literature on education and income distribution; and Psacha-
ropoulos (1980) provided an update of his earlier summary of studies of the rate-of-
return to education (Psacharopoulos 1973). In related efforts, Cochrane (1979) re-
viewed studies relating education and fertility, and Cochrane, Leslie, and O'Hara
(1982) reviewed studies of the effects of parental education on child mortality,
morbidity, and growth, Hicks (1980) and Wheeler (1980) have utilized newly avail-
able country-level data over time to reexamine the question of the contribution of
education to aggregate growth, and have concluded that the effects of education are
indeed important. The present monograph should be viewed in the context of these
other related studies on the contribution of education to development.
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The ideal case is when there are data on individual farms from
many communities. Short of the ideal case, either data aggregated
at the community level or data on individual farms within one
community can be used. Both of these possibilities have shortcom-
ings. On the one hand, there may be important problems of inter-
pretation if production functions, as described below, are estimated
from aggregated data (Chapter 4). On the other hand, as just noted,
it is possible to underestimate the effect of education or extension if
data on individual farms within a single community are used. A
national probability sample was used to select the farms in Korea
for which we have data, so we expect no problem with estimating
the effect of education there. The data from Malaysia and Thailand,
however, come from much more compact geographical areas, and
there may be an ensuing bias.

The production function

Given a data set of this sort, the researcher can estimate the effect
of education on productivity by constructing a "production func-
tion" relating the amount of farm output to the level of each of the
inputs, including the farmer's education.

Take a simple example: let Y = total output (in kilograms);
T = area under cultivation (in hectares); L = labor input (in person-
days); E = educational level of the household head (in years of
formal schooling completed); and EXT = indicator of exposure to
extension services (EXT = 1 if the farmer was exposed, EXT = 0 if
he was not). The studies we review use variations on the Cobb-
Douglas production function to relate output, Y, to the various
inputs in the following way:

In Y = aoo + oxl ln T + a 2 In L + L ln E + y EXT.

The coefficients (ao, °-1, at2 , 1, y) on the input variables are estimated
from the data and indicate how strongly each input affects output.
Almost all the studies we review use production functions of this
general form, but include a normally distributed "error" term, the
standard deviation of which is also estimated in the statistical
analysis.

If there are individuals in the sample with no education (E = 0),
then education, like exposure to extension services, can be treated
as an indicator variable, or a nonhomogeneous Cobb-Douglas func-
tion can be estimated. The estimated coefficients in the production
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function give the elasticities of output with respect to the various
inputs and, hence, in this example, p would give the elasticity of
output with respect to years of education (Chapter 2). This provides
a measure of the productivity of education. In the actual empirical
studies that are undertaken, far more complete specifications of the
production function are used than in this simplified example, in-
cluding many more independent variables.

Most estimates of the effects of education on labor productivity
use wage rate as a proxy for marginal productivity and examine the
effect of an individual's educational level, controlling for other
variables, on the wage he receives. This is reasonable, assuming
competitive labor markets and an absence of screening mecha-
nisms whereby the individual's education may simply signal pro-
ductive qualities to a potential employer without actually enhanc-
ing them. Direct estimation of the marginal product of education
through its coefficient in a production function provides an alterna-
tive to using wages that is superior in several respects: (a) no
assumptions need to be made about the equivalence of wages and
the marginal products of labor; (b) the possibility of screening does
not confound interpretation of the results (though omitted vari-
ables may); and (c) only in this way is it possible to obtain estimates
of the effect of education on productivity in sectors, such as agricul-
ture, that may rely relatively little on wage employment.

Concepts of efficiency

In addition to examining the effect of education on productivity,
it is also possible to examine whether it affects allocative efficiency;
that is, the extent to which farmers optimally choose their input
and output mix in light of their production functions and prevailing
prices. In a seminal article, Welch (1970) discussed ways to assess
the effect of education on allocative efficiency. Several of the studies
we review have examined the issue of allocative efficiency by com-
paring actual with optimal allocation decisions in light of an esti-
mated production function. The availability of farm-specific price
data allowed estimation of profit and factor demand functions to
test for farmers' allocative efficiency for the sample of farms in
Thailand (Chapter 6). Chapter 3 provides a more thorough discus-
sion of alternative concepts of efficiency; the first section of Chapter
6 and Appendix D explain the use of profit functions as a tool for
assessing allocative efficiency.
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Another concept of efficiency that we introduce, market effi-
ciency, is defined as a farmer's ability to obtain the highest net sale
price for his outputs and the lowest net purchase price for his
inputs. In any market there is usually a distribution of prices for
essentially the same commodity, centered around some mean price.
Prices vary from the mean because of differences in access to in-
formation, in the ability to use information, and in the qualities of
the commodity. If every farm household has the same information
and the same ability to use the information, and there is no differ-
ence in quality, the price should be the same for all farm house-
holds, apart from transport margins.

To the extent that the market is imperfect, however, the access to
and the ability to use information will make a difference. It is
hypothesized that better educated farm households will on average
receive higher net prices for their outputs and pay lower net prices
for their variable inputs. Education enhances a farmer's ability to
know his alternatives, to know when and where to buy and sell. A
better educated farmer is more likely to know what prices are likely
to prevail in equilibrium, and can therefore become a better bar-
gainer. He may also have a finer discrimination of differences in
quality and may be able to judge quality more accurately. In Chap-
ter 6 we report the tests of the adequacy of the hypothesis that
education improves farmers' market efficiency.

A final concept of efficiency that we explore is that of efficiency in
the choice of production technique. We discuss the basic concepts in
Chapter 3 and study the choice of technique empirically with the
Thailand data in Chapter 7.

Findings

Before summarizing the principal findings we touch briefly on the
results concerning the effect of education on the other dimensions of
farmer choice. Although we are able to examine determinants of
productivity for Korea, Malaysia, and Thailand, only for Thailand
do we have price data for individual farms that allow the use of
profit functions to examine allocative efficiency and market
efficiency (Chapter 6). Again, only for Thailand can we examine the
effect of education on the choice of techniques of production-in
this case, the choice of whether to use chemical fertilizers (Chapter
7).
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In brief, these analyses from Thailand indicate that farmers of all
educational levels are maximizing profits, as assessed by compar-
ing coefficients in the profit and factor demand functions. More
educated farmers do, however, have higher levels of profits, which
reflect the higher levels of productivity found in the production
function analyses. We find that education (or anything else) has
little effect on market efficiency. And, finally, higher levels of educa-
tion and exposure to extension services do increase the probabilities
of using chemical fertilizers.

Table 1-1 summarizes the findings on the effect of exposure to
schooling on farmer productivity in the sample areas of Korea,
Malaysia, and Thailand. The effects are positive, statistically sig-
nificant, and quantitatively important. Table 1-2 summarizes the
similar findings concerning the effect of (very crudely measured)
exposure to extension services in Malaysia and Thailand.

The findings of seventeen other studies conducted in low-income
countries concerning the extent to which the educational level of
small farmers affects their production efficiencv are reviewed in
Chapter 2. To put the results from subsequent chapters into a
comparative perspective, we summarized our own results in this
chapter as well. In total, Chapter 2 discusses analyses of thirty-
seven sets of farm data that allow statistical estimation of the effect
of education, controlling for other variables. Although education
was found to have a negative (but statistically insignificant) effect in
six of these data sets, the effect was positive and usually statistically
significant in the remaining thirty-one. We do realize that the re-
sults of disparate studies must be combined with caution. With that
caveat, Figure 1-1 contains a histogram showing the distribution
(across studies) of gain in productivity from having 4 years of
education rather than none. Our overall conclusion is that farm
productivity increases on average by 8.7 percent as a result of a
farmer's completing 4 years of elementary education. The 8.7 per-
cent is an average of values from those studies in which an estimate
could be computed. Weighting the studies according to their rela-
tive reliability gives a slightly lower estimate of the effect of educa-
tion (Figure 2-1). Several studies showed evidence that at a
threshold number of years (4 to 6) the effect of education became
more pronounced. The effects of education were much more likely
to be positive in modernizing agricultural environments rather
than in traditional ones, a fact which was ascertained both by
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Figure 1-1. Results of Thirty-one Data Sets Relating Schooling
to Agricultural Productivity, Unweighted
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inspection and by regressing (across studies) the measured effect of
education on productivity against modernization of environment
and other variables. In sixteen of the samples, data were available
on the farmers' exposure to agricultural extension education. Of
these studies, eight provided evidence that extension was sig-
nificantly positively related to efficiency.

Finally, we present the results of calculations of the internal rate
of return to education based on the effects of education on the
technological level of farmers (Chapter 8). This exercise is hypothet-
ical in character, and the results are sensitive to the assumptions
about the time structure of the streams of benefits and, of course, to
the assumption that the benefits of education that are estimated
with the production functions will continue to occur in the future.
Of course, estimates of the rate of return to education in the wage



Table 1-1. Schooling and Agricultural Productivity: Korea, Malaysia, and Thailand

Estimated percent-
Coefficient of age of increase in
education on output for one

Sample agricultural t additional year
Study size, N productivity statistic R2 of educationa Comments

Korea 1,363 Continuous 4.97 0.66 2.22 Analysis also undertaken with
(mechanical farms)b 0.022 discrete variables repre-

senting different edu-
cational levels.

Korea 541 Continuous 2.95 0.61 2.33 Analysis also undertaken with
(nonmechanical 0.023 discrete variables repre-
farms)h senting different edu-

cational levels.

Malaysia 403 Indicator: literate, 1.62 0.69 5.11 None
0.109;
I to 3 years, 1.14
0.071;
4 years, 2.60
0.186



Thailand 91 0.031 2.10 0.76 3.15 The coefficient for education has
(chemical farms)c an increase between the dummy

for primary education (4 years)
and more than 4 years:
Dummy ( < 4 years) = 0.030
Dummy ( = 4 years) = 0.124
Dummy (> 4 years) = 0.280

Thailand 184 0.024 2.27 0.81 2.43 The coefficient for education

(nonchemical farms)' has an increase between the
dummy for primary education
(4 years) and more than 4 years:
Dummy (< 4 years) = .066
Dummy ( = 4 years) = .108
Dummy ( > 4 years) = .132

a. These figures were computed from the formulas in Chapter 2.
b. Farms using no mechanical power are referred to as "nonmechanical;" others are referred to as "mechanical."
c. Farms using no chemical fertilizer or other chemical inputs are referred to as "nonchemical;' others are referred to as

"chemical."



Table 1-2. Exposure to Extension Services and Agricultural Productivity: Malaysia and Thailand

Coefficient of Evidence of
Nonformal extension on interaction

Sample education agricultural t with formal
Study size, N variable productivity statistic R2 education Comments

Malaysia 403 Exposure to adult 0.237 1.73 0.69 Not applicable None
agricultural
extension classes

Thailand 91 Number of -0.123 -1.53 0.78 AqEx1 = I if Extension had negative
(chemical farms)' extension extension coefficient, and educa-

visits to available tion had positive
village B = 0.015 coefficient on farm

t = 0.718 profits for farms
A,Exo = I if using chemical

extension not fertilizer.
available
B = 0.036
t = 2.316

Thailand 184 Number of 0.085 2.22 0.81 AsEx, = I if Education and extension
(nonchemical extension extension had positive coefficients
farms)a visits to available on farm profits for

village B = - 0.032 farms not using
t = 2.695 chemical fertilizer.

A,Ex, = I if
extension not
available
B = - 0.016
t= 1.291

a. Farms using no chemical fertilizer or other chemical inputs are referred to as "nonchemical;" others are referred to as
"chemical. "
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sector are subject to these caveats and the additional, important
one that wage differences may fail to reflect marginal productivity
differences for reasons discussed above.

Table 8-2 shows our estimates of the internal rate of return as a
function of various assumptions concerning output (rice) prices and
the age of onset of the benefits of education. The estimated rates of
return are quite respectable. They are highest for Malaysia (25 to 40
percent), lowest for Korea (7 to 11 percent), and intermediate for
Thailand (14 to 25 percent).





PART ONE

Background and Data





CHAPTER 2

Previous Empirical Results

IN THIS REVIEW CHAPTER we synthesize the conclusions of several
studies-many of them quite recent-on the effect of a farmer's
educational level and exposure to extension services on his
productivity.' The focus is on studies using data from individual
farms in low-income regions.2 These studies are examined for in-
formation concerning the correctness of three hypotheses:

Note: This chapter and Appendix A are drawn from Lockheed, Jamison, and Lau
(1980).

1. Several studies have examined the effect of education on the willingness of
farmers to adopt innovations. An early and important study in this area is that of
Roy, Waisanen, and Rogers (1969). Villaume (1977, Chapter 2) provides a valuable
review of this literature as well as an assessment of the direct and indirect effects of
literacy on the adoption of innovations in Brazil and India.

2. In Chapter 4 advantages and disadvantages of using data from individual farms
rather than aggregated data are discussed. Other authors (such as Griliches 1963,
1964; Fane 1975; Khaldi 1975; and Huffman 1974, 1977; and Evenson, Waggoner,
and Ruttan 1979, table 3) have studied the effect of education on agricultural
productivity using aggregated data (at the county or state level) in the United States,
and have found educational levels positively associated with increased efficiency.
Gisser (1965), also using aggregated U.S. data, found education associated with
increased propensity to migrate from rural areas. Using similar methods, Hayami
(1969) and Hayami and Ruttan (1970) found that educational level is an important
determinant of agricultural productivity differences among nations. Herdt (1971),
using much the same methodology with Indian data aggregated at the state level,
found no positive effects of education, although Ram (1976) found that education
contributed strongly to the productivity of Indian agriculture with data disaggre-
gated from the state to the district level. Also using data on Indian districts, Harker
(n.d.) found that average literacy levels increased productivity and, more strongly,
increased the utilization of fertilizer. In other related studies Beal (1963) found that
use of both education and extension services contributed to a subjective measure of

17
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a. Higher levels of formal education increase the efficiency of
farmers;

b. Education has a higher payoff for farmers in a changing, mod-
ernizing environment than in a static, traditional one (as sug-
gested by Schultz (1979));3 and

c. Exposure to extension services improves the productivity of
farmers.

Following the suggestion of Glass (1976) we drew quantitative data
from each study on the magnitude of the effects of education in a
format that allows comparison across studies. As the studies differ
from one another along many dimensions (including, in particular,
the quality of data and data analysis), any conclusions from com-
parisons must be drawn with care. Nonetheless, subject to several
caveats, general conclusions from the existing literature are possi-
ble. Our own results from Korea, Malaysia, and Thailand are also
discussed. Appendix A contains supplemental information on the
studies reviewed.

farmer performance in England, and Page (1978, 1979) found that exposure to
technical education increased the efficiency of foresters in Ghana, but that experi-
ence rather than formal education was related to productivity of entrepreneurs in the
Indian soap industry. Gerhart (1975) found that more educated Kenyan farmers were
more likely to adopt hybrid maizes, and Rosenzweig (1978) found that more edu-
cated Punjabi farmers were more likely to adopt high-yielding varieties. On the other
hand, Morss and others (1976) concluded that the average literacy level of farmers
reached by agricultural development projects was not a determinant of project
success. Although economists only began to pay systematic attention to these issues
in the 1960s (beginning with the seminal work of T. Schultz), the educational
research literature of the 1920s had already begun to consider the role of education in
improving agricultural productivity. Folks (1920), for example, reported studies
showing a strong influence of education on agricultural productivity in Indiana,
Missouri, and New York.

3. When agricultural conditions are static, proper practices can be formalized and
passed from generation to generation by example and adage. Buck (1937) provided
interesting examples from China, such as, from Shantung: "Plant millet after millet
and you will end by weeping." Evenson (1974), Bowman (1976a), Ram (1976), and
Sachs (1979) provided thoughtful interpretations of how research, extension, and
education, on the one hand, and market conditions, on the other, are related in
transforming traditional environments into modernizing ones. Harma (1978) dis-
cussed specific ways in which education and information would help improve pro-
ductivity in a range of agricultural activities. Hopper (1979) and Schultz (1979)
discussed how governmental price and regulatory policies can facilitate or impede
the incentive of farmers to modernize their practices and, thereby, indirectly in-
fluence the returns to education.
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Methods of Analysis

Yotopoulos (1967) used a production function for agricultural
output as his basic tool to analyze the effect of education on produc-
tivity. Subsequent studies used much the same methodology. We
begin this section with a discussion of how a farmer's productivity
and efficiency can be assessed from production functions and, if
available, from price data.

The studies we review typically used data from a survey of several
hundred farm households in a particular locale. These surveys con-
tain data for each farm on some or all of the following variables:
total output of the farm (say, kilograms of rice), land area under
cultivation, person-days of family labor used, quantity and kind of
equipment used, educational levels of the members of the house-
hold, and exposure of the farmer to extension services. Given a data
set of this sort, the researcher can assess the effect of education on
productivity by estimating a production function relating the
quantity of farm output to the level of each of the inputs, including
the farmer's education.

To take a simple example: let Y = total output (in kilograms);
T = area under cultivation (in hectares); L = labor input (in person-
days); E = educational level of the household head (in years of
formal schooling completed); and EXT = indicator of exposure of
the farmer to extension (EXT= 1 if exposed, EXT = 0 if not ex-
posed). The studies reviewed use variations of either the Cobb-
Douglas (or ln - ln) production function or the linear production
function to relate output, Y, to the various inputs in one of the
following ways:

(2.1) ln Y = oto + aol n L + Ot2 ln T + Iln E + y EXT

or

(2.2) ln Y = a0 + cLln L + a 2 ln T + aE + y EXT

or

(2.3) ln Y = cto + (xl In L + t2 ln T + aD +y EXT

where D is an indicator variable that takes the value 1 if E takes a
value in a specified range, and 0 otherwise; or
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(2.4) Y = oto + oL + a2 T + E

or

(2.5) Y = ao + ajL + a2 T + D.

In equations (2.1) through (2.3), the ai's are the elasticities of
output with respect to the various inputs. 4 In equations (2.4) and
(2.5), the ai's give the marginal product of the various inputs. In
equation (2.1), 13 gives the elasticity of output with respect to years
of education. In equation (2.2), a gives the percentage increase in
output in response to a unit change in education. In equation (2.3), a

gives the percentage increase in output of a farm with the farmer's
educational level specified as D, compared with the base case,
which is usually no education. (For example, if D signified "com-
pleted primary school," 13 would give the percentage increase in
output of a farmer who graduated from primary school over that of
one who had received no schooling.) In equation (2.4), 13 gives the
marginal increase in output in response to a unit change in educa-
tion. In equation (2.5), 13 gives the increase in output of a farm with
the farmer's specified number of years of education, compared with
the base case.

All of the studies use production functions of one of these general
forms, in which 1 provides a measure of the productivity of educa-
tion. Similarly y provides a measure of the productivity of agri-
cultural extension. In the better empirical studies, far more com-
plete specifications of the production function, including many
more independent variables, are used than in this simplified
example.

In addition to examining the effect of education on productivity,
it is also possible to examine whether it affects allocative efficiency;
that is, the extent to which farmers optimally choose their mix of
input and output in light of their production functions and prevail-
ing prices. In a seminal article, Welch (1970) discusses ways to
assess the effect of education on allocative efficiency. Several of the
studies have examined the issue of allocative efficiency by compar-

4. The elasticity of variable Y with respect to variable X is the percentage change
in variable Y induced by a 1 percent change in variable X. An elasticity of 0.2, for
example, would imply that a I percent increase in variable X would result in a 0.2
percent increase in variable Y. The coefficients of an indicator variable, like D in
equation (2.3) in the text, is approximately the percentage increase in output that
would result if the indicator variable had the value I rather than 0.
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ing actual with optimal allocation decisions in light of an estimated
production function, and, in Chapter 6, farm-specific price data are
used to estimate profit and factor demand functions to test alloca-
tive efficiency. This was done for a sample of farms in Thailand.
Chapter 3 provides a thorough discussion of alternative types of
efficiency, and Chapter 6 and Appendix D explain the use of profit
functions as a tool for assessing allocative efficiency. Studies by
Muller (1974) and by Shapiro and Muller (1977) analyzed the rela-
tion between information and technical efficiency and provided
empirical support that familiarity with information sources im-
proves productivity in dairy farming in the United States and cot-
ton farming in Tanzania.

Selection of the Studies

Eighteen studies on education and small farm production in
thirteen countries of Africa, Asia, Europe, and Latin America have
produced thirty-seven data sets. In seventeen of the data sets the
effects of education on technical efficiency in the production of a
cereal crop (rice, wheat, or maize) were examined; in the remaining
data sets, the effect of education on the production of a mixed crop,
typically including a cereal, was examined. Only a study of dairy
farms by Sadan, Nachmias, and Bar-Lev (1976) did not examine
efficiency in terms of field crop production. Table 2-1 summarizes
salient features of the data bases, and Table A-1 in Appendix A
provides more detail on the variables used in each analysis. There
are some sources of inconsistency among the studies, so criteria
were developed to restrict the sample of studies for further analysis.

Although the widely differing studies had many similarities,
several factors limit the scope of generalizations. The most impor-
tant of these are differences in the sample characteristics, in the
methods of analysis, and in the specification or measurement of
both dependent and independent variables (particularly the educa-
tion variables). Furthermore, as previously noted, there is substan-
tial variation among the studies in the quality of data, data analy-
sis, and reporting, which limits the validity of the comparisons.

Sample characteristics

Of the thirty-seven data sets, only sixteen were collected with the
use of an explicit sampling design. The data sets also varied in the
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Table 2-1. Data Base Used in Each Study

Area and date of data collection,
Reference to study sample characteristics, and crops

Calkins (1976) Nepal, 1973-74. Sample of small farms in five pan-
chayats of Nuwakot district of central Nepal. Rice
and wheat.

Chaudhri (1974) India, 1961-64. Reanalysis of a sample population of
twenty-one villages in the wheat belt of Punjab,
Haryana, and Utter Pradesh. Wheat.

Halim (1976) Philippines, 1963, 1968, 1973. Subsample of an earlier
random sample of households in twenty-eight repre-
sentative rice-producing barrios of Laguna district.

Haller (1972) Colombia, 1969. Stratified random sample of farms in
Chinchina, Espinal, Malaga, and Moniquira regions.
Tobacco, coffee, corn, cassava, guayaba, cotton,
sesame, rice, and livestock.

Harker (1973) Japan, 1966. Representative sample of 971 middle-aged
rice farmers in central and southern Honshu, Shi-
koku, and in the Fukuoka areas of Kyushu. Rice.

Hong (1975) Korea, 1961. Subsample of random census sample of
1,200 farm households in nine provinces. Rice and
other crops.

Hopcraft (1974) Kenya, 1969-70. Subsample of a stratified random sam-
ple of 1,700 small farms collected for the Small Farm
Enterprise Cost Survey. Maize, livestock, and tea.

Jamison and Lau Malaysia, 1973. Subsample of FAOIWorld Bank survey of
(this volume) 800 rural farming households in monoculture paddy

area of Muda Irrigation Project, Kedah and Perlis
States, West Malaysia. Rice.

Jamison and Lau Korea, 1973. Subsamples of a national survey of 2,254
(this volume) farms in nine regions of South Korea. Rice and other

crops .

Jamison and Lau Thailand, 1972-73. Reanalysis of a stratified random
(this volume) sample of farm households from twenty-two villages

in the Chiang Mai Valley. Rice.
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Table 2-1 (continued)

Area and date of data collection,
Reference to study sample characteristics, and crops

Moock (1973) Kenya, 1971-72. Farms in Vihiga Division that received
loans for the purchase of hybrid maize seeds and fer-
tilizer and comparison farms that were not loan
recipients. Maize.

Pachico and Ashby Brazil, 1970. Sample of farm households in four com-
(1976) munities of southern Brazil collected by University of

Rio Grande de Sul. Mixed field crop and livestock.

Patrick and Kehrberg Brazil, 1969. Survey of 620 farms in five regions of east-
(1973) ern Brazil. Maize, beans, coffee, beef cattle, and dairy

cattle.

Pudasaini (1976) Nepal, 1975. Random sample of 102 traditional and
mechanized farms in Bara District. Rice, wheat, and
sugarcane.

Sadan, Nachmias, Israel, 1969-70. Population of 1,841 dairy farms under
and Bar-Lev (1976) the supervision of the Settlement Agency in Israel.

Sharma (1974) Nepal, 1968-69. Subsample of a stratified random sam-
ple of households in fifteen village panchayats in
Rupandehi. Rice and wheat.

Sidhu (1976, 1978) India, 1968-71. Sample of 150 farms in the Ferozepur
district of Punjab, 1968-69; farms in four districts of
Punjab, 1970-71. Wheat.

Wu (1971) Taiwan, 1964-66. Records of bookkeeping farms: 249
farms in twenty-five hsiangs collected in 1964; 246
farms in twenty-six hsiangs collected in 1965; 154
farms in thirteen hsiangs collected in 1966. Rice,
banana, pineapple, sweet potatoes, sugarcane, and
poultry.

Wu (1977) Taiwan, 1964-66. Reanalysis of a sample of 310 book-
keeping farms in three mixed farming regions; pre-
sumably same data set as Wu (1971).

Yotopoulos (1967) Greece, 1963. Subsample of a random sample of 650
households in 110 villages and three cities of Epirus.
Wheat and cotton.
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number of farms that were surveyed, the size distribution of the
farms, the kind of crop grown, and regional characteristics. More-
over, information on education was frequently not the primary goal
of the original data collection efforts.

Data analysis

The primary method of analysis used in the studies was multiple
regression with both dependent and independent variables in loga-
rithmic form, resulting in a production function commonly referred
to in economic literature as the Cobb-Douglas type, equation (2.1).
In several of the studies, however, the description of the specifica-
tion of the production equation was so inadequate that we were
unable to determine whether the variables were actually expressed
in logarithmic form. Appendix Table A-1 indicates the specifica-
tions of the equations where they could be determined.

The dependent variable

Although most of these studies were described as studies of pro-
duction, the analysis of twenty-three of the thirty-seven data sets
used the value of crop production as the dependent variable. Since
the value of a crop depends on price structures (which may vary
widely both within and among regions), studies which examine the
quantity of output and those which examine the value of output
should be compared with some caution. The studies also included a
variety of different field crops; the dependent variables included
both single field crops (typically rice, wheat, or maize) and mixed
field crops (including bananas, cotton, vegetables, sugar cane, and
so forth), both separately or in combination with cereal crops.

The education variable

There are three sources of variations throughout the studies re-
garding the education variable used: whose education is measured;
what the education measure is; and how the measure is expressed.
The educational level of the production unit was measured in these
studies by either the education of the head of the household, the
aggregate education of the family members, or the aggregate educa-
tion of farm workers. Education aggregates typically excluded the
education of nonworkers-the very young or the very old. The
quantity of education was measured by either the number of years
attended or completed, the number of grades or levels attended or
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completed, or simply a measure of literacy. Educational level was
expressed as either an indicator or a continuous variable; con-
tinuous variables were sometimes entered in the production func-
tions in logarithmic form and sometimes in natural form.

Whenever possible, we have reported results of equations in
which the number of years or grades completed by the head of the
household was used. Where more than one education variable was
analyzed, however, any differences in the estimated effects have
been noted.

Other factor inputs

The widest discrepancies among these studies are the extent to
which other input variables are included in the specification of the
production function. Land, labor, and capital are generally in-
cluded, but in different ways. Land may be entered into the function
as a quantity or as a value. Labor is often differentiated into family
or hired, and the variable may be in terms of time or value. Capital
may be entered as a single variable or differentiated into several
factors. Other factor input variables may include the quantity or
use of fertilizer, use of irrigation, types of seed, and regional indica-
tor variables.

Because of the differences in samples, outputs, and factor inputs
among these studies, the summary histograms and regressions in-
clude only:

a. Agricultural production function studies (this eliminated Har-
ker 1973)

b. Studies in which the dependent variable was a field crop or an
aggregate of several field crops (this eliminated Sadan, Nach-
mias, and Bar-Lev 1976)

c. Studies in which a percentage gain per year of education could
be computed (this eliminated Calkins 1976, Chaudhri 1974,
and Hong 1975).5

Hopcraft's maize production function, reported in Table 2-2, was
not included because of its finding of a negative effect of labor on
output. 6 These restrictions reduced the number of data sets used to
thirty-one.

5. Chaudhri's work on India was extended and published after the present manu-
script was completed; see Chaudhri (1979).

6. SeeHopcraft (1974).Although Hopcraft's maize productionfunction didhave a
surprising negative coefficient for labor, labor had a positive coefficient on output in
his production function for aggregate crop output.



Table 2-2. Formal Education and Agricultural Productivity

Estimated percent-
Coefficient of age of increase in
education on output for one

Area and Sample agricultural t additional year
study size, N productivity statistic R2 of educationa Comments

Brazil, Candelaria 117 0.126 0.89 0.71 2.69 Education was positively re-
(Pachico and Ashby lated to output among high-
1976) ly commercialized farms.

Brazil, Garibaldi 101 0.207 1.92 0.69 4.60 Education was positively re-
(Pachico and Ashby lated to output among high-

,'i 1976) ly commercialized farms.
Brazil, Guarani 63 0.072 0.55 0.67 1.49 Preliminary analysis of data

(Pachico and Ashby indicated that less than 5
1976) years of schooling had no

significant effect on output.
Brazil, Taquari 101 0.244 1.66 0.68 5.53 Education was positively re-

(Pachico and Ashby lated to output among high-
1976) ly commercialized farms.

Brazil, Alto Sao 82 - 0.013 - 0.65 0.44 - 1.29 Returns of schooling were
Francisco negative in the traditional
(Patrick and agricultural regions, but be-
Kehrberg 1973) came positive and increased

as the regions became more
modern among the five sam-
ples.



Brazil, Conceicao 54 - 0.009 - 0.75 0.82 - 0.90 None
de Castelo
(Patrick and
Kehrberg 1973)

Brazil, Paracatu 86 -0.017 - 1.41 0.59 - 1.69 None
(Patrick and
Kehrberg 1973)

Brazil, Resende 62 0.010 1.11 0.55 1.01 None
(Patrick and
Kehrberg 1973)

Brazil, Vicosa 337 0.023 2.86 0.62 2.33 None
(Patrick and
Kebrberg 1973)

Colombia, Chinchina 77 - 0.008 0.13 0.75 -0.29 None
(Haller 1972)

Colombia, Espinal 74 0.140 1.80 0.71 6.10 None
(Haller 1972)

Colombia, Malaga 74 0.047 0.94 0.53 3.09 None
(Haller 1972)

Colombia, Moniquira 75 -0.049 -1.02 0.79 -3.12 None
(Haller 1972)

Greece 430 0.138 2.06 0.79 6.47 The marginal product for one
(Yotopoulos 1967) year of education was 606.40

drachmas.

(Table continues on the following page)



Table 2-2 (continued)

Estimated percent-
Coefficient of age of increase in
education on output for one

Area and Sample agricultural t additional year
study size, N productivity statistic R2 of educationa Comments

India, Punjab, 1,038 Family average Insufficient Marginal product of family
Haryana, and Utter 0.116 5.04 0.59 information education was calculated as
Pradesh to calculate 107.04 rupees a year. Mar-
(Chaudhri 1974) ginal product of education of

Household head household head was calcu-
0.114 3.65 0.59 - lated as 153.12 rupees a

year. No base was given.
Chaudhri (1979) provides
further analysis based on
this same data set and calcu-
lates rates of return to
education that are high in-
deed.

India, Punjab 236 0.038 1.90 0.92 1.49 Education was related to pro-
(Sidhu 1976) duction efficiency but more
(traditional strongly to allocative
and Mexican efficiency.
wheat varieties)



India, Punjab 369 0.036 2.25 0.92 141 In an analysis using gross farm
(Sidhu 1976) sales as dependent variable,
(Mexican Sidbu finds a positive effect
wheat) of education, not quite sta-

tistically significant, result-
irig in a 1.1 percent increase
in value of sales for 1 year of
education. Sidhu and
Baanante (1978) use profit
and factor demand functions
with the same data and find
a positive (but statistically
insignificant) effect of educa-
tion.

Israel 1,841 21,100 4.20 Not Marginal value None
(Sadan, Nachmias, given added was US$21
and Bar-Lev 1976) per year of wife's

schooling (1.08 per-
cent of gross value-
added of produc-
tion).

Japan, Honshu, 971 Correlation: with Not 0.38 Not applicable None
Shikoku, and Kyushu gross farm significant
(Harker 1973) sales, 0.02;

with com-
munication be-
havior and agri- (p<0.001)
cultural adop-
tion variables
added, 0.31. (Table continues on the following page)



Table 2-2 (continued)

Estimated percent-
Coefficient of age of increase in
education on output for one

Area and Sample agricultural t additional year
study size, N productivity statistic R2 of educationa Comments

Kenya, Vihiga 152 Indicator: 1.60 0.64 1.73 An indicator variable for I to 3
(Moock 1973) 4 or more years of education had a

years, negative coefficient.
0.067

Kenya 674 Indicator: 2 to 3 Results are for maize produc-
(Hopcraft 1974) years, tion, for which the coef-

- 0.023; - 0.30 0.56 - 3.26 ficient of labor on output
4 to 6 years, was negative. The produc-

- 0.163; -2.19 tion functions for aggregate
primary school, output, which had a positive

- 0.148 - 1.50 labor coefficient, had educa-
tion coefficients that were
essentially zero.

Korea 895 Log-linear Units of equation Some empirical conclusions of
(Hong 1975) 0.712 3.05 0.85 were hard to inter- this study are difficult to in-

Cobb-Douglas pret, so figure terpret.
0.927 1.46 0.85 could not be com-

puted.

Korea 1,363 Continuous Analysis was also undertaken
(this volume) 0.022 4.97 0.66 2.22 with discrete variables rep-
(mechanical farms)b resenting different educa-

tional levels.



Korea 541 Continuous The coefficient of labor on out-
(this volume) 0.023 2.95 0.61 2.33 put was negative in this
(nonmechanical study.
farms)b

Malaysia, Kedah 403 Indicator: literate, None
and Perlis 0.109; 1.61 0.69 5.11
(this volume) I to 3 years,

0.071; 1.14
4 or more years,

0.186 2.60

Nepal, Bara 102 0.014 1.71 0.90 1.3 Positive effect of schooling on
(Pudasaini 1976) farm revenue. Tractor-hiring

and pumpset-owning farms
(the modernizing variable)
were more efficient than tra-
ditional, whereas farms with
tractors and farms with both
tractors and pumpsets were
not significantly different
from traditional farms in
terms of efficiency.

(Table continues on the following page)



Table 2-2 (continued)

Estimated percent-
Coefficient of age of increase in
education on output for one

Area and Sample agricultural t additional year
study size, N productivity statistic R2 of educationa Comments

Nepal, Nuwakot 540 Indicator: 7 or Could not be com- The coefficient for 0 years of
(Calkins 1976) more years, puted because education was not signif-

0.53 3.53 0.77 means of other in- icantly different from the
dependent vari- one for I to 6 years of educa-
ables not given. tion. For 7 or more years,

however, the coefficient was
significant. The evidence

,^, thus suggests a minimum
threshold of 6 to 7 years be-
fore education affects pro-
ductivity.

Nepal, Rupandehi 87 Indicator: literate, None
(Sharma 1974) 0.142 1.80 0.84 5.09
(wheat farms) (Computed using

literate as equal to
3 years of educa-
tion.)

Nepal, Rupandehi 138 Indicator: literate, None
(Sharma 1974) 0.082 1.78 0.95 2.85
(rice farms) (Computed using

literate as equal to
3 years of educa-
tion.)



Philippines, 274 0.020 1.53 0.77 2.0 None
Laguna, 1963
(Halim 1976)

Philippines, 273 0.019 1.26 0.70 1.92 None
Laguna, 1968
(Halim 1976)

Philippines, 220 0.027 2.25 0.80 2.74 None
Laguna, 1973
(Halim 1976)

Taiwan 333 0.007 0.53 0.60 0.7 Simple rate of returns for I
(Wu 1971) year of additional schooling
(rice farms) computed from 1 to 12 years

decreased at a steady rate.
Thus, there was no evidence
of a threshold effect.

Taiwan 316 0.038 2.83 0.65 3.87 None
(Wu 1971)
(banana and
pineapple farms)

Taiwan 310 0.009 0.95 0.87 0.9 Marginal productivity of
(Wu 1977) quadratic form(s) education in crop production

- 0.066 1.82 changes from negative to
positive at 6.6 years of

0.005 2.12 schooling of the farm oper-
ator. The quadratic formula
shows this clearly: Where
a1 S + a2 S

2 was entered in
equation a, = -0.066,
a2 = 0.005.

(Table continues on the following page)



Table 2-2 (continued)

Estimated percent-
Coefficient of age of increase in
education on output for one

Area and Sample agricultural t additional year
study size, N productivity statistic R2 of educationa Comments

Thailand, Chiang Mai 91 0.031 2.10 0.76 3.15 The coefficient for education
(this volume) has an increase between the
(chemical farms)c indicator for primary educa-

tion (4 years) and more than
4 years.
Indicator:

< 4 years = 0.030;
= 4 years = 0.124; and
> 4 years = 0.280
for all equations.

Thailand, Chiang Mai 184 0.024 2.27 0.81 2.43 The coefficient for education
(this volume) has an increase between the
(nonchemical farms), indicator for primary educa-

tion (4 years) and more than
4 years.
Indicator:

< 4 years = 0.066;
= 4 years = 0.108; and
> 4 years = 0.132
for all equations.

a. These figures were computed from the formulas in the text.
b. Farms using no mechanical equipment are labeled "nonmechanical;" others are labeled "mechanical."
c. Farms using no chemical fertilizer or other chemical inputs are referred to as "nonchemical;" others are referred to as

"chemical."
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Results of the Studies

The results of the previous studies are summarized below. They
show the effects of formal schooling in different environments as
well as the effects of exposure to extension services or other nonfor-
mal agricultural education experience.

Effects of schooling

We have hypothesized that education (years of schooling) will
have a positive effect on farmer efficiency; overall, our hypothesis is
confirmed. For each of the thirty-seven data sets Table 2-2 reports
the coefficient of education on agricultural productivity, the statis-
tical significance of the estimate, and (for the thirty-one data sets
where it was possible) the estimated percentage increase in output
for each additional year of education. There was a broad range of
findings among the diverse studies. In six of these data sets educa-
tion had a negative (but statistically insignificant) effect, but, in the
remaining thirty-one, the effect was positive and usually signifi-
cant. Table A-2 in Appendix A contains additional information-in
particular, about the environment from which the farm samples
were drawn.

The percentage increase in output for one additional year of
education at the mean educational level of the sample can be com-
puted for most of the studies. The appropriate formula depends on
the particular equation of the production function that is used in
the study. Let E be the average educational level of the sample and Pi
be the estimated coefficient of education. Then the percentage in-
crease in output for one additional year of education may be calcu-
lated by computing the ratio of the value of output when the level of
education is half a year greater than E, YI, to the value when it is
half a year less, Yo, subtracting one, and multiplying by 100. If the
production function is specified as in equation (2.1),

Percentage increase = [Y1/Yo - 1] x 100

= [(E + 0.5)13/(E - 0.5)13 - 1] x 100

= [(E + 0.5/E - 0.5)f - 1] x 100.

For equation (2.2),
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Percentage increase = [e P(E + 0.5)/e3(E - 0.5) - 1] X 100

= [ef - 1] x 100.

For equation (2.3), if there are N years of education in the level
specified by D,

Percentage increase = [(ea - 1)INI x 100.

(In the calculation for equation (2.3), it is assumed that the percent-
age increase owing to education can be proportionally attributed to
the years of education.)

For equation (2.4),

Percentage increase =Eao + ot1L + c 2T + (E + 0.5) + -yEXT lix 100
cto + aLjL + a2 T + ,3(E-0.5) + yEXT J

=r ~ ~~ ~~~~~~~ _ X100.
loto + oaLL + a 2T + 13(E 0.5) + YEXT]

For equation (2.5), if there are N years of education in the level
specified by D,

Percentage increase = [f3/(uo + alL + a2 T + yEXT)] x 100/N.

In order to summarize our findings we generated histograms
(based on the thirty-one studies that were not omitted for technical
or comparability reasons) of the number of studies by percentage
decrease or increase in output attributable to a farmer's having 4
years of education rather than none. Our estimate of the effect of 4
years is, however, simply four times the effect of 1 year as computed
from the formulas just given. (This averages out threshold effects of
the sort found in some of the studies.) The period of 4 years was
chosen because it is often stated as the minimum for the basic
education cycle.7 Change was rounded to nearest 0.5 percent to
group the studies, which were aggregated in 4 percent intervals.
The histogram in Figure 1-1 showed that the mean gain in produc-

7. Four years is the Unesco standard for minimum primary education. Rogers
(1969) provides empirical support for this as a threshold in a study of Colombian
farmers, and the World Bank has a research project underway (RPo 671-55, "Interna-
tional Study of the Retention of Literacy and Numeracy") to assess where the
threshold is.
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tion for 4 years of education was about 8.7 percent, with a standard
deviation of 9.0 percent.

In order to assess the reliability of our estimates of percentage
gain in production for 4 years of education, we also estimated the
standard errors of these estimates, based on the estimated standard
errors of the coefficients in the respective studies. Table A-2 in
Appendix A shows these estimated standard errors, which varied
greatly among the studies. To compensate for these differences in
reliability, the percentage gains were weighted by the reciprocals of
the corresponding estimated standard errors and were used to
generate a bar graph, shown in Figure 2-1. Thus, the more reliable
an estimate is, the heavier the weight. The results are slightly lower

Figure 2-1. Results of Thirty-one Data Sets Relating Schooling
to Agricultural Productivity, Weighted by the Reciprocal
of the Standard Error
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than those estimated from the unweighted sample in Figure 1-1,
with a mean gain from 4 years of education estimated as 7.4 percent
and a standard deviation of 6.8 percent.

Effects of schooling in different environments

As noted before, aspects of the environment may be important
determinants of the effects of education on production. In particu-
lar, Schultz (1 975) has argued that education is likely to be effective
principally under modernizing conditions.! To test this hypothesis,
the studies were divided according to whether they reflected mod-
ernizing or traditional environments.

An environment was identified as traditional if it included primi-
tive technology, traditional farming practices and crops, and little
reported innovation or exposure to new methods. Conversely, an
environment was identified as modern if it included the availability
of new crop varieties, innovative planting methods, erosion control,
and the availability of modern inputs such as insecticides, fertiliz-
ers, and tractors or machines. Other indicators of this kind of en-
vironment were market-oriented production and exposure to exten-
sion services. In some cases, authors of the studies were explicitly
testing Schultz's hypothesis, and for those we simply accepted the
author's classification of whether the sample's environment was
modernizing. In other cases, where information was available, we
made our own subjective assessment. Twenty-three of the thirty-
one data sets could be classified as modern or traditional.

The effect of a modernizing environment was assessed in two
separate ways. First the bar graph of Figure 2-1 was divided into
modern and traditional subsamples, as shown in Figure 2-2. Under
modernizing conditions, the effects of education are substantially
greater than under traditional conditions. In all the studies the
mean increase in output from 4 years of education under traditional
conditions was 1.3 percent compared with 9.5 percent under mod-
ern or modernizing conditions.

A second way to assess the effect of a modernizing environment
on the productivity of education was to conduct a regression analy-
sis of our estimates of the percentage of increase in farm output
from 4 years of education as a function of environmental character-
istics such as the adult literacy rate in the country, modernizing

8. See footnote 3 above.
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Figure 2-2. Results of Twenty-three Data Sets Relating Schooling
to Agricultural Productivity, Grouped by Modern and Traditional
Samples and Weighted by the Reciprocal of the Standard Error
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Note: Traditional: mean, 1.3 percent; standard deviation, 11.0 percent. Modern:
mean, 9.5 percent; standard deviation, 5.7 percent.

environment, regional availability of extension services, type of
crop (rice versus other crops), and real GNP per capita. Since our
estimates of the percentage gains were themselves random vari-
ables with different variances, the ordinary least-squares estimator
was inefficient, although it remained unbiased under standard
assumptions. To correct for the heteroscedasticity the generalized
least-squares estimator was used, with an estimated diagonal
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Table 2-3. Variables Used in Regression Analysis

Independent
variable Definition

MODI Indicates modernizing environment (1 = modernizing; 0 = either
traditional or no information available).

MOD-I Indicates traditional environment (I = traditional; 0 = either mod-
ernizing or no information available).

EXTI Indicates availability of extension services (I = services available;
O = either no services available or no information available).

EXT-I Indicates lack of extension services (I = services not available;
O = either services available or no information available).

CROP Indicates crop type (I = rice; 0 = other).
GNP Per capita gross national product in 1975 U.S. dollars.
LIT Adult literacy rate expressed as percent.
MOD Indicates modernizing environment (1 = modernizing;

O = traditional).
MICI Indicates sample partition (1 = modernizing rice environment;

O = other).
MICO Indicates sample partition (1 = modernizing nonrice environment;

O = other).
MOCI Indicates sample partition (1 = traditional rice environment;

O = other).
MOCO Indicates sample partition (1 = traditional, nonrice environment;

O = other).

Note: Results of the regression analysis are given in Tables 2-4 and 2-5.

variance-covariance matrix constructed from our estimates of the
variances of the percentage gains. 9 The independent variables used
are defined in Table 2-3. For several studies it was not possible to
determine whether the environment was modernizing or whether
agricultural extension was available. Therefore two indicator vari-
ables were used, each representing the effects of modernizing en-
vironment and agricultural extension.

A number of regressions with different combinations of the inde-
pendent variables were run. Table 2-4 reports only those regres-
sions with at least one statistically significant estimated coefficient
(defined as a coefficient with a t statistic exceeding 1.96 in absolute
value). We found that, on the one hand, agricultural extension, type

9. When the error does not vary constantly for all the observations, it is said to be
heteroscedastic.
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of crop, real GNP, and literacy rate have uniformly statistically
insignificant effects on the percentage gain. On the other hand, a
traditional environment appears to have a decidedly negative effect
on the percentage gain. The difference in the percentage increase in
productivity between a modern and a traditional environment was
consistently estimated to be around 10 percent. The equation with
the highest R2, the coefficient of multiple correlation adjusted for
degrees of freedom, indicated that in a traditional, nonrice-growing
environment, the mean percentage increase may even be negative.

To identify further the nature of the environmental influence on
the effectiveness of education, we dropped from the regression
analysis those studies for which the modernizing/traditional clas-
sification was unavailable, and ran further regressions with the
reduced sample. Table 2-5 reports that the modernizing environ-
ment variable was strongly significant. On average, the percentage
gain as a result of 4 years of education was 10 percent higher in a
modernizing environment than in a traditional environment. The
coefficient of the crop-type variable remained statistically insig-
nificant. Even when the independent variables were split into four
indicator variables, as defined in Table 2-3, there was no evidence
of interaction between environment and type of crop. We could not
reject the hypothesis that the effect of a modernizing environment
was independent of the type of crop (rice or nonrice) because the
t-statistic for the null hypothesis was 0.34.

Effects of extension

We have further hypothesized that exposure to extension services
or other nonformal agricultural education experience should have a
positive effect on output. Table 2-6 summarizes the analyses of
sixteen of the data sets for which information on nonformal educa-
tion was provided.'" Of these studies, eight provided evidence that

10. We should explicitly stress that this survey of the literature is not intended to
cover all studies of the effectiveness of agricultural extension or other nonformal
education provided for farmers; see Orivel (1981) for such a review. We merely report
here any results available concerning effectiveness of extension services in the
eighteen studies listed in Table 2-1; those studies included an assessment of the
contribution of formal education to agricultural productivity. Benor and Harrison
(1977) reported on extension services which were considerably more effective than
those reviewed here, and they provide an extensive discussion of the possibilities for
reforming extension systems to improve productivity.



Table 2-4. Regression Analysis of the Determinants
of Productivity Gain as a Result of 4 Years of Education
(sample = 31)

Alternative specifications
Independent

variable 1 2 3 4 5 6 7 8

Constant 6.33 6.00 5.48 6.77 5.04 6.33 3.19 6.05
(4.52) (3.45) (3.28) (4.32) (2.16) (4.45) (0.97) (3.41)

MODJ 2.25 2.46 2.85 3.27 0.96 2.10 0.65 2.32
(1.31) (1.27) (1.55) (1.39) (0.38) (1.17) (0.25) (1.15)

MOD-I -8.05 -8.01 -7.20 -6.24 -9.03 8.05 - 9.39 -7.92
41. (-2.55) (-2.29) (-2.18) (-1.47) (-2.59) (-2.51) (-2.50) (-2.22)

EXTI - 0.34 - - - - 0.61 0.18

(0.18) (0.33) (0.09)

EXT-I - 1.07 - _ _ _ 3.19 1.03
(0.32) (0.80) (0.30)

CROP - - 1.93 - _

(0.95)
GNP - - --0 0 0

( - 0.65)
LIT - - - - 0.03 - 0.06 -

(0.70) (1.00)

MODICROP - - - - - 1.09 - 1.02

(0.37) (0.32)

R72 0.46 0.42 0.46 0.45 0.45 0.45 0.42 0.40



Note: The data on which theregressionsare based arepresented in TableA-2. This tableshows theestimated coefficients with their
t statistics in parentheses below them.

To take into account the differences in the variances of the estimates of the percentage productivity gains, generalized least squares
with an estimated variance-covariance matrix were used. The dependent variable is the percentage increase in output from 4 years of
education. Let Yl, . YT be the percentage gains and the row vectors and, Xi, . . ., XT be the independent variables. The regression
model is

Y 1=X,b+ ,, i= 1, T

where [ V(YI) 0

V(Y) = V(6) = V(Y 2 .

° 0 V(YrT)

By transforming both the dependent and the independent variables, we obtain:

Yi Xi8 + .ii=l T)

% V~~~~~~~~~~~~~~~~/V(Yl) VV(Yd) V/V(Y,) ( ,..,T

This, by a redefinition of variables, becomes

Yi* = Xi*S8 + (j* (i =1, 7.)

with

VW) = I

so that ordinary least squares can be applied. But V(Y) is unknown. V(Y) is substituted for bya consistent estimator of V(Y) calculated
from the estimated variance-covariance matrixes of the coefficients of each of the underlying studies (see footnote b, Table A-2).

- Not applicable.
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Table 2-5. Regression Analysis of the Determinants
of Productivity Gain as a Result of 4 Years of Education
(sample = 23)

Alternative specifications
Independent

variable 1 2 3 4

Constant -1.72 -1.72 7.14
(-0.56) (-0.57) (5.47)

MOD 10.16 10.31 - -

(3.07) (3.22)
CROP 1.09 - 2.39 -

(0.34) (0.64)
MIJ- - 9.53

(3.20)
MlCO - - - 8.44

(7.15)
MOCI - -

MOCO - - - -1.72
(-0.56)

R2 0.47 0.50 0.26 0.47

Note: This table shows the estimated coefficients with their t statistics in paren-
theses below them. See note to Table 2-4 for information on data sources and
regression methods.

- Not applicable.

extension was significantly positively related to productivity, one
provided evidence that extension was significantly negatively re-
lated to productivity, and the remaining seven showed no sig-
nificant effect.

These results can be compared across studies only to a limited
extent because of the differences in the actual measures of exposure
to nonformal education, which may be indicated by the number of
contacts a farmer has with the extension agent, the monetary in-
vestment in extension in that region, or the years of exposure to
nonformal education. In addition, extreme variability in the pro-
gram content and method of communication may also reduce com-
parability.

We also explored whether formal education and nonformal
education acted as substitutes or complements. A few studies in-
corporated interaction terms between formal and nonformal
education in their production function regressions. Most of the
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coefficients of interaction were positive, suggesting a possible com-
plementary relation between the two forms of education, even
though few of the coefficients were statistically significant.

Conclusions

This chapter has surveyed the findings of eighteen studies con-
ducted in low-income countries concerning the extent to which the
educational level of small farmers affects their production ef-
ficiency." The eighteen studies contain analyses of thirty-seven sets
of farm data that allow, with other variables controlled, a statistical
estimation of the effect of education. In six of these data sets,
education had a negative (but statistically insignificant) effect, but
in the remaining thirty-one, the effect was positive and usually
statistically significant. Although the results of disparate studies
must be combined with caution, our overall conclusion is that farm
productivity increases, on the average, by 7.4 percent as a result of a
farmer's completing 4 additional years of elementary education
rather than none. This figure is a weighted average of values fromn
those studies for which an estimate could be computed. Several
studies showed evidence of a threshold number of years (from 4 to 6)
at which the effect of education became more pronounced. None of
the studies addressed the issue of which of education's outcomes

11. Several studies were published or came to our attention after this chapter was
completed.Among these is apaperbyWelch (1979) including a review with (qualita-
tive) conclusions similar to ours. In other specific studies, Bhalla (1979) found that
education enhanced productivity in an Indian sample of more than 2,000 farmers;
Bhati (1973) found that the technical knowledge of Malaysian farmers was related to
theirproductivity; Freire (1981) found that education is significantly associated with
the productivity of Guatemalan farmers and with their propensity to use innovative
methods; Halim and Husain (1979) found the education of farm operators in Ban-
gladesh enhanced output, although not quite statistically significantly, whereas the
highest education level of anyone in the farm household bore a negative but insig-
nificant relation to productivity; Pachico (1979) found education increased produc-
tivity of farmers in Nepal; Singh (1974) found that education (particularly secondary
education) enhanced farmers' productivity in the Haryana State of India; and Valdes
(1971) found that the education of agricultural laborers in Chile was significantly
associated with their daily wages. These results, though not incorporated in the
analyses we report, are consistent with our findings. (Bhalla's findings are not yet
reported, but a description of his sample and a report of other analyses based upon it
appear in Bhalla (1979).)



Table 2-6. Nonfortnal Education and Agricultural Productivity

Coefficient Evidence of
Sample Nonformal of extension interaction

Area and size, education on produc- t with formal
study N variable tivity statistic R2 education Comments

Brazil 382 Number of direct -0.010 - 2.50 0.65 The interaction term None
(Pachico and (total contacts be- between schooling
Ashby 1976) sample) tween the farm and extension indi-

operator and cates these factors
government ex- to be complements,
tension agent but the relation

was statistically in-
significant.

Brazil, Alto Sao 82 Number of direct 0.004 0.98 0.44 Not applicable Mean social benefit-cost
Francisco contacts be- ratio for extension
(Patrick and tween farmer contacts was reported
Kehrberg 1973) and extension as 1.35.

agent

Brazil, Conceicao 54 Number of direct 0.009 2.65 0.82 Not applicable Mean social benefit-cost
de Castelo contacts be- ratio for extension
(Patrick and tween farmer contacts was reported
Kehrberg 1973) and extension as 3.02.

agent

Brazil, Paracatu 86 Number of direct 0.001 0.20 0.59 Not applicable Mean social benefit-cost
(Patrick and contacts be- ratio for extension
Kehrberg 1973) tween farmer contacts was reported

and extension as 0.42.
agent



Brazil, Resende 62 Number of direct 0.001 1.11 0.55 Not applicable Mean social benefit-cost
(Patrick and contacts be- ratio for extension
Kehrberg 1973) tween farmer contacts was reported

and extension as 0.165.
agent

Brazil, Vicosa 337 Number of direct 0.003 1.03 0.62 Not applicable Mean social benefit-cost
(Patrick and contacts be- ratio for extension
Kehrberg 1973) tween farmer contacts was reported

and extension as 0.68.
agent

Japan, Honshu, 971 Use of agricul- r=0.14 (p<0.001) 0.38 Not applicable A path analysis was

Shikoku, and tural magazines, used; coefficient is
Kyushu extension standardized partial
(Harker 1973) agents, and agri- correlation coef-

cultural broad- ficient.
casts

Kenya 674 Extension visits- Not applicable The interaction between

(Hopcraft 1974) Indicator: schooling and exten-
(I - 3) 0.153 1.67 0.56 sion was significant
(4 - ) 0.272 2.72 and negative.
(> 7) 0.035 0.47

Farmers training
center course-

Indicator:
(1 course) -0.014 0.12
(Ž 2 courses) 0.135 1.23

Demonstrations-
Indicator:

(1 or 2) 0.393 4.68
(23) 0.197 1.83 (Table continues on the following page)



Table 2-6 (continued)

Coefficient Evidence of
Sample Nonformal of extension interaction

Area and size, education on produc- t with formal
study N variable tivity statistic R2 education Comments

Kenya 152 Extension index 0.003 0.77 0.64 Moock (1981) in a None
(Moock 1973) computed by reanalysis of his

multiplying ro- original data finds
tated factor a negative interac-
scores of differ- tion between
ent extension education and ex-
measures by tension.
standardized
observations
and summing
the products

Korea 895 Log-linear Log-linear Investment in extension
(Hong 1975) investment in 0.832 3.55 0.85 Ext x Ed had a significant

extension B = 0.6039 effect on both tech-
t = -3.871 nical and allocative

Log-log Cobb-Douglas efficiency. One won
investment in 3.240 6.00 0.85 Ext x Ed investment in exten-
extension B = 0.605 sion per farm a year

t = 121.0 increased rice produc-
tion by 4.49 wons a
year. Extension
efforts for older farm-
ers with more school-
ing contributed more
than extension efforts
for younger ones.



Malaysia, Kedah 403 Exposure to adult 0.237 1.73 0.69 Not applicable None

and Perlis agricultural ex-
(this volume) tension classes

Philippines, 274 Number of 0.00663 3.44 0.77 Formal schooling Overall rate of return to

Laguna, 1963 weighted exten- x extension extension was P8.12

(Halim 1976) sion contacts B = -0.00028 for each P5.69 in-
t = 0.205 vested or 70 percent

Formal schooling (combined samples).
x extension Schooling and exten-
x barrio, develop- sion effects were
ment index, negatively related in
B = 0.00008 all periods, but when
t = 0.727 a development index

(constructed by Gutt-

44 man scaling) was
'0 added, the relation

was positive. School-
ing and extension
effects could substi-
tute for each other in
less developed bar-
rios, but the effects
could be com-
plementary in the
dynamic conditions of
more developed
barrios.

(Table continues on the following page)



Table 2-6 (continued)

Coefficient Evidence of
Sample Nonformal of extension interaction

Area and size, education on produc- t with formal
study N variable tivity statistic R2 education Comments

Philippines 273 Number of 0.004 2.40 0.70 Formal schooling See comments for 1963
Laguna, 1968 weighted exten- x extension sample.
(Halim 1976) sion contacts B = -0.00038

t = - 0.118
Formal schooling

x extension
x barrio, develop-
ment index,
B = 0.00001
t = 0.333

Philippines, 220 Number of - 0.000 -0.77 0.80 Formal schooling See comments for 1963
Laguna, 1973 weighted exten- x extension sample.
(Halim 1976) sion contacts, B = -0.0006

1963-68 t = -0.352
Formal schooling

x extension
x barrio, develop-
ment index,
B = 0.0001

t= 1.00



Thailand, 91 Number of exten- - 0.123 - 1.53 0.78 A5Ex1 = I if exten- Extension had negative
Chiang Mai sion visits to vil- sion available coefficient, and
(chemical lage B = 0.015 education had posi-
farms)' t = 0.718 tive coefficient on
(this volume) A 5ExO = 1 if exten- farm profits for farms

sion not available using chemical ferti-
B = 0.036 lizer.
t = 2.316

Thailand, 184 Whether extension 0.085 2.22 0.81 AgEx1 = I if exten- Education and exten-
Chiang Mai was available in sion available sion had positive
(nonchemical village B = -0.032 coefficients on farm
farms)a t = 2.695 profits for farms not
(this volume) A5ExO = I if exten- using chemical ferti-

sion not available lizer.
B = - 0.016
t= 1.291

a. Farms using no chemical fertilizer or other chemical inputs arc referred to as "nonchemical;" others are referred to as
"chemical."
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(such as literacy, numeracy, modernity, and so forth) is producing
the effects; research now under way in Nepal and Thailand is
addressing this question.'2

The effects of education were much more likely to be positive in
modernizing agricultural environments than in traditional ones.
This likelihood was ascertained both by inspection and by regress-
ing (across studies) the measured effects of education on productiv-
ity against the degree of modernization of the environment and
other variables. Our results lend support to T. W. Schultz's hypoth-
esis that the effectiveness of education is enhanced in a modernizing
environment.

12. Cole, Sharp, and Lave (n.d.) provide an insightful discussion of the role of the
cognitive consequences of education, and Jamison and Moock (1981) report results
from Nepal that suggest that numeracy is probabLy an important consequence of
education for improving farmer efficiency.



CHAPTER 3

Concepts of Efficiency

THE PURPOSE OF OUR EMPIRICAL ANALYSIS in Part Two is to ascertain
the extent to which farmers' educational levels affect their effi-
ciency. We therefore begin by defining the concepts of efficiency
that the empirical analysis will address. A nontechnical overview of
the efficiency concepts is followed by discussions of efficiency in
production and extensions of the efficiency concept.

There is no discussion of empirical methods, only a conceptual
delineation of the various notions of farmer efficiency that are
subsequently examined. Each of the empirical chapters begins with
a discussion of the methods used in it to test for efficiency.

General Concepts

Efficiency in production is defined in terms of the production
function that relates the level of output to the levels of the various
inputs. In Chapter 2 a range of agricultural production functions of
the sort we and others use were defined. These functions all had one
output (quantity of rice produced, say) and multiple inputs (land,
labor, and so forth). The basic efficiency concepts we use, however,
can be intuitively described with a one-input, one-output produc-
tion function that is denoted here as

Y = F(X).

This explicitly denotes the dependence of the level of output, Y, on
the level of input, X, through the function F. In general Y will
increase as X increases, but the diminishing returns to a single input
factor might cause the incremental gain in Yfor a fixed increase inX

53
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to decrease as X increases. Figure 3-1 shows a production function
with these characteristics.

It is possible, however, for a manager not to get the most out of the
quantity of input available to him. The shaded area underneath the
production function in Figure 3-1 consists of combinations of input
and output that are possible for the manager to choose. The set of
these possible choices is called the production possibility set. Points
above the production function are impossible for him to choose,
given the nature of his farm and his own characteristics, including
educational level. Points k,, k2, and k3 depict technically efficient
choices; they are technically efficient in the sense that they are in
the production possibility set, and there is no way to obtain more
output than depicted by these points without using more of the
input. Point k4 is technically inefficient, in that more output could
be obtained with no more input. Technical inefficiency results from
combining available inputs poorly; for example, by plowing the
insecticide into the ground or spraying fertilizer on the plant leaves.

Given that a farmer produces technically efficiently, there re-
mains the question of just which technically efficient point should

Figure 3-1. Technically Efficient and Inefficient Points

Production function Y = F(X)

D k~~~~~~~~~~k

0

Input (X)
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be chosen. Prices determine this. If the input price, q, is very high
and the output price, p, is very low, the farmer will probably want to
use little input to produce relatively little output. With high output
and low input prices, however, there will be an incentive to produce
quite a lot. A farmer is said to be allocatively efficient if he chooses
his combination of input and output so as to maximize profit, HI,
where profit is defined as the difference between the value of the
output and the value of the input:

H = pY - qX.

For any given level of profit and prices, the input-output pairs
that will generate that level of profit can be determined, given those
prices. This is simply the solution of the above equation for Y in
terms of X:

Y = (HIp) + [(qlp)X].

This is a straight line that will be steeper the greater the ratio of q to
p. Figure 3-2 shows such an iso-profit line. At a given q-p ratio, the

Figure 3-2. Allocatively Efficient and Inefficient Points

H= profit= pY - qX

i 9_~~~k Y= F(X)
0

Input (X)



56 BACKGROUND AND DATA

iso-profit lines are parallel, but shifted up or down depending on the
level of profit. Maximizing profit at given prices amounts to choos-
ing the highest iso-profit line that includes a point in the production
possibility set; point k2 in Figure 3-2 is the allocatively efficient
level of operation for the farm at the indicated prices. Shifting the
iso-profit line up would leave it with no points in common with the
production possibility set; shifting it down would obviously lower
profit. If the output price increases relative to the input price, the
optimal (allocatively efficient) level of output will shift upward
toward k3; if output price decreases relative to input price, the
optimal choice will move toward kl.

The technical and allocative efficiencv of a farm have been de-
fined in terms of the range of options open to it. Some farms will,
however, be better able to produce than other farms because they
have better endowments (or better-educated managers). In other
words, they have better production possibility sets or, as we shall
phrase it, a higher technological level, as shown in Figure 3-3. Farm
1, with production function Fl, has an unambiguously higher tech-

Figure 3-3. Different Technological Levels
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nological level than either farm 2 or farm 3. The relation between
farms 2 and 3 is less clear. Farm 3 can get more output from low
input levels than farm 2, but less from high input levels. Thus, at
relatively high input prices farm 3 will have a higher technological
level than farm 2; at relatively high output prices, farm 2 has a
higher level than farm 3.

The analysis of production efficiency in Chapter 5 tests the
hypothesis that the education of members of the farm household
increases the technological level of the farm.' The analysis of the
effect of education on profitability in Chapter 6 examines the extent
to which education affects both technological level and allocative
efficiency.

Efficiency in Production

In this section we provide a more technical treatment of the
concepts discussed above.

Production possibilities

Our discussion of production possibilities follows the conven-
tions used in economic analysis.2 For this discussion, production is
carried out by farms, each of which chooses an activity vector for
each time period from within its procluction possibility set. If there
are n commodities in the economy, an activity vector consists of a
point in the n-dimensional commodity space. Negative components
of the activity vector signify commodities used as inputs to the farm
and positive components signify outputs.

The previous discussion followed a different and more intuitively
natural convention of measuring inputs positively. For reasons that
will shortly become clear, it is notationally simpler to treat inputs
as negative components of the activity vector when considering

1. In the absence of information on the shape of the production function, such as
might be available from agronomic research, it is difficult to disentangle differences
in technical efficiency from differences in technological level. Welch's (1970) concept
of the worker effect of education on productivity combines both concepts; his con-
cept of the allocative effect of education corresponds to our notion of the effect of
education on allocative efficiency. Levin (1976) provides a clear discussion of dif-
ferent concepts of efficiency, with further references to the (extensive) literature.

2. Our terminology closely follows that of Arrow and Hahn (1971, chapter 3).
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multiple inputs and outputs without specifying, for any particular
firm, which commodities are inputs and which are outputs.

It would be ideal, of course, if a farm could choose an activity
vector that had all, or almost all, positive components. But the
impossibility of creating a product from nothing or even producing
a great quantity from very little implies that each farm has con-
straints on the activity vector it can choose. These constraints are
delimited by its production possibility set. The production possibil-
ity set for farm f, denoted Yf, is the subset of the commodity space
from which the farm operator may choose. Different farms may
have different (short-term) production possibility sets because of
commodities (such as soil quality or access to water) particular to
the farm. In this discussion certain standard assumptions are made
about the production possibility sets for farms. For all f: (a) Yf
includes the zero vector and is closed, (b) Yf contains no vector
except the zero vector without at least one strictly negative compo-
nent, and (c) Yf is convex, that is, there are no economies of scale.3

Of these assumptions, only convexity might possibly be considered
an inappropriate abstraction of the real world.

The relation between the production possibility set discussed
here and the production function concepts used in Chapters 2 and 5
is straightforward. Suppose, for example, that farm f can produce
commodity 3 from commodities I and 2 by the production function
Y3 = gf (Y X, Y2). Then

Yf = {(-Y1, -Y 2 , Y3 ) IYI2O,Y 2 20, andy 3 'gf(YI, Y2)}.

Naturally, the restrictions on Yf that were stated above imply re-
strictions on the possible functions gf. Jorgenson and Lau (1974)
discuss in detail the relation between production functions and
production possibility sets.

If there are prices for the commodities, these prices can be repre-
sented by a vectorp = (pi, - ,p) in the unit simplex P, in n-space
(Pn = {p I E in= I Pi = 1 and pi 0}). For any given set of prices, then, if
farm fchooses an activity vector yf (yf E Yt), the value of yf will equal

3. The zero activity vector corresponds to the firm's doing nothing; it uses zero
inputs to produce zero outputs. Other restrictions on production possibility sets, in
addition to those listed here, are frequently added.

4. Assuming that prices can be represented in P,, is equivalent to assuming that
only relative prices matter. It does not matter whether these relative prices are
expressed, for example, in dollars or baht.
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p Yf = E 7'~ I Piyfi, where Yfi is the ith component of yf. Since inputs
are negative components and outputs are positive components of
the activity vector, the value of yf is the difference between the value
of the outputs and the value (cost) of the inputs. It represents the
profit to the farm of choosing yf if the prices are p.5 A central
behavioral assumption of standard economic theory is that all
firms, including farms, will choose yf to maximize profit at the
existing prices.

Economic efficiency

The first concept of efficiency to be defined, that of economic
efficiency (or simply efficiency), deals with the extent to which a
farm maximizes profit. Let iTp(Yf) = rnaxy yf { p{ y}. 7rp(Yf) is defined
as the maximum profit possible for farm f when the prices are p.
Convexity and closure of Yf help assure that Trp(Yf) will have a
well-defined maximum, and the inclusion of zero in Yf assures that
7T,(Yf) Ž 0. A production decision (activity vector) for farm f, yf, is
economically efficient at prices p if and only if p yf = Trp(Yf). If it is
assumed that no farm will choose to operate at negative profit, an
economic efficiency index can be assigned to choice yf by taking the
ratio of p yf to rrp(Yf). If this index is 1 (assuming wp(Yf) * 0), the
farm is economically efficient; if it is less than 1, it indicates the
extent to which the farm is economically inefficient.

Two conceptually distinct sources of economic inefficiency exist.
The first of these is usually labeled technical inefficiency, for exam-
ple, by Timmer, and that terminology is followed here.6 A produc-
tion decision y e Yf is technically inefficient if and only if there exists
a y' E Yf such that y'j 2 yi for all i and, for some j, y[ > yp. This says
that the firm is technically inefficient if it could have chosen, but
failed to choose, an activity vector with more of some output or less
of some input, everything else being equal. Although Timmer and
others have devised ways of empirically measuring technical in-
efficiency, this is difficult to do unless there exists a method of
ascertaining Yf without using observable choice data concerning
the inputs and outputs of individual farms. Agronomic research

5. In many small farms much of the output is consumed by the farm household
rather than marketed. Self-consumed output is, of course, included as part of gross
output in measuring profit.

6. See Timmer (1970) and the discussions in Muller (1974) and Shapiro and Muller
(1977).
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does, in principle, provide a mechanism for ascertaining Yf,
although this study had no access to such data. Estimation of
"frontier" production functions provides another alternative!.

The second source of economic inefficiency is frequently labeled
allocative inefficiency. Let Y' be the set of all technically efficient
points in yf. Under reasonably general assumptions there will exist
a production function, that is, a function gf such that gf (y) = 0 if and
only if y t Y'f. Assuming that gf can be differentiated, the marginal
rate of substitution of any two commodities for one another can be
computed by implicit differentiation, that is, values can be
obtained for ayiayj. A technically efficient activity vector is said to
be allocatively efficient at prices p if and only if, for all i, j (i, j
= 1, ... , n), ayJ/ay, = -p/lpi. If, for example, commodities 1 and 2
were outputs and YlYdaY2 > -P21P1, the total value of output could
be increased by increasing the output of commodity 1 at the ex-
pense of having less of commodity 2. Thus a reallocation of output
would increase the total value of output, and the original situation
would have been allocatively inefficient.

At this point three concepts of efficiency have been introduced. A
farm is economically efficient at the prevailing prices if it maxi-
mizes the profit resulting from the activity vector it chooses from its
production possibility set. If it is economically inefficient this may
be due either to technical or allocative inefficiency. Thus, the eco-
nomic efficiency of a farm is defined in terms of the range of options
open to it. If that range is narrow for farm f, then f can be economi-
cally efficient even though it might use up substantially more re-
sources than farm g to produce the same level of output. If so, then in
some sense g has access to a better technology than does f. We refer
to "access to a better technology" as being at a higher technological
level, and define the concept more precisely below.

7. The analysis of farm efficiency reported in Chapter 6 categorizes farms into
several broad groups (in terms of farmers' educational levels) and then compares the
efficiency of those groups by using properties of the parameters of the profit functions
estimated for each group. Use of frontier production or profit functions represents a
qualitatively different approach, in which observed input-output data are used to
estimate the production possibility set (or its frontier). This allows assessment of the
extent to which each individual farm is off the frontier and hence inefficient; that
inefficiency could then, in principle, be related to characteristics of the farmer such
as his educational level. F0rsund, Lovell, and Schmidt (1980) provide an exception-
ally clear exposition of the literature on frontier production functions and relate
frontier methods to nonfrontier ones such as those used here.
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Technological level

Whereas economic efficiency is defined for a single farm in terms
of its actual choice in relation to its range of possible choices,
technological level is a relation between different farms (or the
same farm at different points in time). Farm f is at a higher tech-
nological level than farm g if Yg is a proper subset of Yf, that is, farm f
has open to it all the production possibilities available to farm g and
then some. To return to Figure 3-3, farm 1, represented by produc-
tion function Fl, is at a higher technological level than farms 2 and
3, as previously discussed. When production functions cross, as
with farms 2 and 3, neither production possibility set is a subset of
the other, but one can, by introducing prices, indicate that farm f
is at a higher technological level at prices p if and only if
T[p(Yf) > 'np(Yg). That is, farm f is more technically efficient if its
potential profit (assuming economic efficiency) exceeds that of g.

The concept of relative economic efficiency combines aspects of
both technological level and economic efficiency and is used in
Chapter 6. Let farm f choose yf E Yf, and farm g choose yg e Yg when
prices are p. In making this choice, farm f is said to have greater
relative economic efficiency than farm g if its profit is higher, that is,
if p yf > p yg. Notice that higher profits could result either from
better choice within the production possibility set (greater eco-
nomic efficiency) or from having access to a better production
possibility set (higher technological level).

There is an extensive empirical literature concerning measure-
ment of technological level, but most of it is at a highly aggregated
level, treating an entire economy as a firm. (In this literature there is
some tendency to use the term "technical efficiency" both for the
concept we have defined as technological level and for what we, too,
define as technical efficiency.) The analyses generally examine the
extent to which technological level has improved over time. Most
authors conclude that a substantial fraction of the growth in output
per capita over time in the advanced economies can be attributed to
improvements in technological level.8 Chapter 5 examines the ex-
tent to which the educational level of farmers in Korea, Malaysia,

8. Nadiri (1970) and Kennedy and Thirlwall (1972) provide surveys of this litera-
ture. The paper by Kennedy and Thirlwall reviews, in addition, studies concerning
the sources of increased technological level.
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and Thailand affects their technological level. The analvsis assumes
that the educational level of the farm is (in the short run) an attri-
bute of the farm and affects the range of production options open
to it.

Productivity

Productivity, loosely speaking, is the ratio of output to input, or
the amount of output per unit of input. It is a frequently used
summary index of how well an economy, industry, or firm is doing,
and we occasionally use the term in this study in discussing the
relative performance of different farms.9 Productivity is related to
efficiency, as discussed below.

To take an example, Robinson Crusoe might well measure his
productivity by the number of coconuts he picks per hour. Gener-
ally, however, it will be impossible to have the units of productivity
measurement be actual output per unit of actual input (for example,
coconuts per hour); multiple outputs from and inputs to the produc-
tion process preclude this. If a set of weights exists to allow aggrega-
tion of outputs into a single aggregate output and inputs into a
single aggregate input, a productivity ratio can again be con-
structed. The weights most typically used are prices, and the result-
ing ratio is the dimensionless number giving value of output di-
vided by value of input. Economists term this number total factor
productivity.

This can be phrased in terms of the notation already developed
for a farm's activity vectoryf. Two new n-dimensional vectors yj and
y0 are defined in terms of yf. The symbol yj is equal to yf in all
negative components and zero elsewhere; yo is equal to yf in all
positive components and zero elsewhere. Thus, yf = yf + yf.
Obviously, yj is the vector of inputs to farm f, and yo is the vector of
outputs from f. The productivity of an activity vectoryf at prices p is
p *yf/( p * y). The problem with using prices as weights is that if
one wishes to compare the productivity of the same firm at different
points in time (or different firms at the same time in different
countries), there may be different price vectors from which to
choose. This is the much-discussed index number problem.

There are several points to be made concerning the relation be-

9. An industry is defined as a group of firms producing approximately the same set
of outputs.



CONCEPTS OF EFFICIENCY 63

tween productivity and the various notions of efficiency. First, im-
provements in technological level lead to increases in potential
productivity. Second, moving from a technically inefficient activity
vector to one that is technically superior to it will always increase
productivity. Third, moving from an allocatively inefficient point to
an allocatively efficient one may actually decrease productivity.
This can occur whenever there are decreasing returns to scale.'" For
this reason maximizing productivity (or benefit-cost ratios) may be
undesirable. The concern should be with the difference between
benefit and cost--profit or gain-and this is reflected in the concept
of economic efficiency.

Efficiency in the absence of output prices

When there are prices for all commodities, a farm's choice of an
economically efficient activity vector provides answers to two sorts
of questions. First, which commodities should the farm produce,
and how much of each? Second, which inputs should be used in the
production process, and how much of each should be used? Without
prices for the commodities that are potentially outputs-and this is
often true in the public sector, though, of course, seldom true for
farming-it becomes impossible to provide an answer to the first
question in terms of economic efficiency.

Consider a strictly positive vector y' in the n-dimensional com-
modity space. y' may be viewed as the target output vector, that is,
the vector that the farm-for whatever reason-has decided to
produce." The economically efficient way for farm f to meet this
demand at prices p is to choose a vector yf E Yf (if one exists) such
that y°' 2 y' and -p * yf is minimized.'2 This definition of economic

10. To continue with the Robinson Crusoe example, if Robinson experiences
decreasing returns in coconut picking (for example, he picks fewer the second hour
than the first because he tires), then output per unit of input is highest when he picks
few coconuts. If Robinson is hungry, however, the price of a coconut relative to the
price of an hour of his time may be very high. It would be allocatively inefficient for
him to pick only a few coconuts.

11. y' need not be strictly positive, although that assumption simplifies the exposi-
tion here. A completely symmetrical argument, and one perhaps more relevant for
farming, holds if v' is negative in all components, that is, if all inputs are fixed.

12. Here, the sign 2 between vectors means greater than or equal to in every
component, and p is the n-dimensional vector whose nonzero components are the
prices of the commodities for which prices exist. The symbols yW' and v' represent, as
before, the vectors yielding the outputs and inputs corresponding to activity vector
Yf.
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efficiency simply asserts that the efficient choice to make is the one
that minimizes cost subject to the constraint that outputs attain at
least the specified level y'. The definitions of technical efficiency,
allocative efficiency, and technological level also extend in an ob-
vious way to the case where prices for the outputs fail to exist.

The definition of productivity fails, however, unless there is some
arbitrary weighting scheme to aggregate the outputs into a single
number or unless there is only one component of output. The pre-
vious definition of productivity can easily be extended to cover
either of these cases.

Extensions of the Concept of Efficiency

We now explore extensions of the concepts of production effi-
ciency just discussed: market efficiency and efficiency in the choice
of technique. This discussion does not deal with questions of
efficient choice under uncertainty or of efficient intertemporal
choice.' 3 Although in a formal sense problems of uncertainty and
intertemporal choice can be dealt with by appropriate redefinition
of the objects of choice, in substance these remain areas of choice
behavior not dealt with here."4

Market efficiency

For various reasons, individuals in roughly the same circum-
stances may end up paying different prices for the same good or
service. The concept of the market efficiency of farms (or indi-
viduals) denotes their capacity to get a good price for their inputs
and outputs. Wharton (1965) has suggested that education may

13. Krantz, Luce, Suppes, and Tverskv (1971, chapter 5) review and provide
references to the vast literature on choice under uncertainty; Jamison (1970, part
two) similarly reviews the literature concerning intertemporal choice.

14. See Debreu (1959, chapter 6). Roumasset (1976) provides a valuable empirical
study of the riskiness of alternative methods of rice production and of the extent of
aversion to risk among rice farmers. Binswanger (1980) has experimentally mea-
sured aversion to risk among small farmers in India; he finds formal schooling tends
to reduce risk aversion. Just (1978) discusses welfare implications of the riskiness of
agricultural decisions and assesses the relative desirability of several approaches-
price stabilization by buffer stocks, crop insurance, forward contracting, improving
forecasts, guaranteed credit, and futures markets-for reducing the adverse con-
sequences of risk.
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improve the market efficiency of farmers. In Chapter 6 we describe
an explicit empirical test of that hypothesis for farmers in Thailand.

The previous discussion of efficiency in production assumes
prices to be given, that is, the price vector consists simply of a vector
with positive components in a space with as many dimensions as
the number of commodities. This concept can be generalized in two
steps, as indicated in Figure 3-4. To simplify the pictorial repre-
sentation only two prices are considered, pi and P2, the prices of two
inputs to the farm. The top panel of Figure 3-4 depicts the case
where the price of each input is completely independent of the price
of the other. The best price is the lowest price pair possible. Since
the farm can pay more for either input, the shaded region above and
to the right of the best price is the price possibility set.

The bottom panel of Figure 3-4 depicts a slightly more compli-
cated situation in which the prices of different commodities might
be tied to one another. Tied prices can occur naturally if the farmer
is shopping for his inputs in several different markets, and the
prices differ from market to market. Market A may have a better
price for seeds, and market B for fertilizers, and so forth. If the
farmer chooses to buy both inputs in the same market because of
credit availability or shopping costs or whatever, he will face a
price frontier like the one on the lower left of the shaded price
possibility set."5

The empirical work in Chapter 6 deals only with the determinants
of market efficiency under the assumption of independent prices.
The appropriate empirical techniques for estimating a price fron-
tier and an individual farm's proximity to it remain to be worked
out.

The market efficiency of a farmer, as defined, clearly improves
only at the expense of someone else: the buyers of his output or
suppliers of his inputs. The efficiency concept ig thus private rather
than social. Nonetheless, higher levels of education all around
might lead to a lower variance in prices, as would be expected if
education increases individual market efficiency, and the resulting
price stabilization could provide net welfare gains.'6

15. The concept of a price frontier generalizes naturally to situations with multi-
ple inputs and outputs. Jamison is now examining the nature of the conditions that
will lead to an equilibrium distribution of prices when prices can vary from market
to market.

16. See Figlewski (1978) and Rogerson (1978) for discussions of these issues.
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Figure 3-4. Market Efficiency: Independent and Tied Prices
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Choice of production technique

Earlier in this chapter we dealt with efficiency of production
choice under the assumption that the choice of activity vector for
farm f was constrained to lie in a production possibility set Yf.
Another dimension of choice that may arise, particularly in condi-
tions of modernization and change, is that the farmer may implic-
itly face a choice from among several possible production possibil-
ity sets. This is the problem that farmers face when considering
whether to adopt innovations in technique or new varieties of seed.
The choice from within one production possibility set is considered
a managerial choice; the choice from among several alternative
production possibility sets is considered an entrepreneurial choice.

If switching from one production possibility set to another were
costless, then, of course, the farm would have a large production
possibility set that was the union of the small ones. Changing
production possibility sets, however, may entail physical moves,
investment of time in contemplating alternatives, and investment
of time (and output forgone) while learning to be technically and
allocatively efficient in a new production environment."7 For these
reasons it is useful to think both of short-term choice within produc-
tion possibility sets and of longer-term, entrepreneurial choice
among them.

Treatment of efficiency in entrepreneurial choice would involve
in an essential way the consideration of tradeoffs between the short
run and the long run and the risky character of such choice. There is
indeed a substantial literature on certain aspects of such choice (for
example, the "putty-clay" discussion in dealing with long- versus
short-term choice), but those issues are not reviewed here. There
are, however, several important points. First, this issue of choice of
technique is conceptually rather different from the earlier discus-
sion of efficiency in production, and the tools for assessing efficiency
are less well developed. Second, whereas managerial choice will
typically involve choice along a continuum of alternatives (for ex-
ample, how much labor to use in transplanting), entrepreneurial
choice will usually be from among a discrete, probably rather small

17. Rosenzweig (1978), for example, provides a valuable empirical treatment of
the time cost of the decision of Indian farmers to switch to high-yielding varieties.
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set of alternatives (for example, whether to adopt high-yielding
varieties).

Thus, the treatment of choice of technique in Chapter 7 is descrip-
tive, with only passing attention to efficiency considerations. The
purpose is to understand the factors influencing Thai farmers'
choice of whether to switch to production techniques using chemi-
cal fertilizers.



CHAPTER 4

The Data

THE DATA SETS USED IN THE EMPIRICAL A,4ALYSES in Chapters 5 through
7 came from surveys of individual farms in Thailand, Korea, and
Malaysia. We used these data sets because they were readily ac-
cessible and contained comparable information on education, agri-
cultural extension, farm inputs and outputs, and, for Thailand,
prices for the inputs and outputs of individual farms. They thus
provided an opportunity for testing the effects of education and
agricultural extension services on individual farm efficiency.

Using these data sets, empirical analyses were performed for the
individual farms without further aggregation. It has been argued,
however, that within a community there may be no ascertainable
relation between individual education or exposure to extension
services and individual productivity, because farmers who are less
well educated may benefit by simply IFollowing the more productive
practices of their more educated neigrhbors.' Thus, it might appear
from the individual farm data that the productive efficiency of
individual farms is unrelated to the level of education or exposure
to extension of the individual farmers, even though in fact educa-
tion and exposure to extension might have raised the productive
efficiency of the whole community. If this were the case, then the
effects of education (or extension) could be discovered only by
examining whether communities with higher average levels of
education (extension) had higher levels of productivity. This might,
then, be an argument against using data on individual farms. If,
however, the effect of individual education (or exposure to exten-

1. The point was made in Sen (1971), pp. 154-55.

69
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sion) on individual farm efficiency were measured using data on
individual farms within the same community, it would represent a
lower bound, since an analysis based on such data would, in gen-
eral, be expected to understate the effect of education (or extension)
for the reason discussed above.

In the ideal case one has data on individual farms from many
different communities. (We are deliberately vague about the size of
a community.) Short of the ideal case, one can either use data
aggregated at the community level, or one can use data on indi-
vidual farms from within a particular community. Both these possi-
bilities have shortcomings. On the one hand, there may be im-
portant problems of interpretation of coefficients and bias of
simultaneous equations if production functions are estimated from
aggregate data. On the other hand, as just noted, it is possible to
underestimate the effect of education if only data on individual
farms from within a single community are used. Since the indi-
vidual farms included in the Korean data survey were selected from
a national probability sample and obviously not restricted to a
single community, the estimates of the effects of education there
should be free of this particular downward bias. The data from
Malaysia and Thailand, however, came from much more compact
geographical areas, and there may be an ensuing downward bias in
the estimated effects of education.

Because of the importance of the proper choice of the level of
aggregation for this analysis, the issues involved in data aggrega-
tion are discussed first.2 The three data sets used in the subsequent
analyses are then discussed in detail.

Issues in Data Aggregation

The data used in the empirical analyses consist of information on
the values of variables at the level of the individual farm for a cross
section of farms at a single point in time. There are advantages and
disadvantages in using such individual farm data as opposed to
data that have been aggregated or averaged over a group of farms or
a community. Data sets of the latter kind are much more common

2. We are indebted to Mary Jean Bowman for emphasizing to us the importance of
the data aggregation issue and for pointing out the useful role aggregate data can
play (and indeed have played) in analyzing the effect of education on farm efficiency.



THE DATA 71

than the former. In particular, published data frequently are aver-
ages or aggregates over a group or a community.

Aggregation bias

The first issue that arises in connection with the use of average or
aggregate data concerns the assumptions that have to be main-
tained to justify the aggregation procedure. Suppose that there are
N farms, each with a production function, fi(Ki, Li), i = 1, ... , N,
where Ki and Li are the quantities of capital and labor, respectively,
employed by the ith farm. By using average or aggregate data,
average or aggregate output is being expressed as a function, say
F( ), of average or aggregate capital and labor, so that for all
possible Ki, Li, the average or aggregate outputs of the individual
farms are precisely equal to the value of the average or aggregate
production function F( ):

(4.1) [ fi(Ki, Li)]/N = F[(Y1=I KilN), (EN=} Li/N)]

or

(4.2) 3z= fi(K1 , Li) = F(.'YI Ki, Y-=I Li).

If the average or aggregate production function exists, it implies
that all the individual production functions must be identical and
linear.3 Differentiating equation (4.1) with respect to K, and Li pro-
duces:

I afj F ~ N yNLi
(4.3) ~ N aKi (K Li) =aK (N N t ~ t

and

N afj(Ki, Li) aF( N K I, N L

But the left-hand sides of equations (4.3) and (4.4) depend only on
K1 and Li, whereas the right-hand sides depend on EN= I(Ki/N), and
EN l(Li/N). It is possible to vary the values of the latter variables by
changing Ki and Li, i # j. But such variations leave the left-hand
sides unchanged and hence must also leave the right-hand sides

3. We are indebted to Benjamin King for a suggestion that simplified this proof
substantially. For a further discussion of these issues, see Bridge (1971), pp. 348-52.
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unchanged. We conclude that the right-hand sides must be indepen-
dent of their arguments and therefore must be constants. Thus,

(4.5) (afIaK1)(Kj, Lj) =

and

(4.6) (af/ldLj)(Kj, Lj) = a2

which holds for all j, j = 1, ... , N.
From the two partial differential equations (4.5) and (4.6) one can

readily integrate back to the underlying production function,
which, making usc of the fact that f; (0, 0) 0 O, that is, zero output for
zero inputs, must have the form:

f(Kj Lj) = 0 I K(j = 1...,N).

A similar proof applies to equation (4.2). Thus, for an average or
aggregate production of the form described in equations (4.1) and
(4.2) to exist, the production functions of each individual farm must
be identical and linear.

Now, the assumption of identical production functions is not an
especially bad assumption. Even if cross-sectional individual farm
data are used, a similar assumption will have to be made before it is
possible to estimate the production function. The linear production
function, however, is not a particularly realistic description of the
agricultural technology. It implies that all the factor inputs are
perfect substitutes-that is, it is possible to produce using only
capital and no labor or vice versa-an implication that is clearly
contradicted by almost every piece of systematic or casual empiri-
cal evidence on agricultural production. It is no accident that
almost no empirical studies of agricultural production functions at
either the individual or the aggregate level are based on the
assumption of linearity.

Moreover, the above line of reasoning implies directly that
whenever average or aggregate data are used in the empirical
analysis of production functions in the absence of the assumption of
linearity there is a mis-specification. A concrete example illustrates
this. The Cobb-Douglas production function is probably the most
commonly used functional form in the empirical study of agricul-
tural production. Suppose that the production functions of indi-
vidual farms are identical and Cobb-Douglas, that is,

In Yj = In Yo + a, In Ki + a2 In Li (i= 1. N)
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where xl and t2 are positive constants. The aggregate output is
given by

y I EI Yi = Yo HN=, KaILa'

which in general depends on all of the individual Ki's and Li's and is
different from the output that can be produced from the aggregate
inputs,

(4.7) Y = Yo(t= X Kj)' (N= ] L)C2

or from the aggregate output that can be produced with the set of
inputs of each individual at the average levels,

(4.8) Y = N YO [(IIN) EN= I Ki] c [(1IN) EN= I Lj 2

-Nll -(a +a2)] Y0(Q~'= 2.~ (j= N[ (CX+°2)]fO(=1 Ki)a EN Lj)a2

In fact, for a given et, and a 2, if Ki > O, Li > O, i = 1, ... , N,and the
Ki's are not proportional to the Li's, it is shown in Appendix B that,

(a) If a1 + (X2 < 1,

Yo 1t= Ki 'L'2 < N1 -(a] +a2)]yo(N I K.)" ( I L)2
and,
(b) If as + at2_,

Yo IN 1 Ka'IL '~2 < Y0 (~N1 K)~ 
IOE= 1 'i I < O(= I Ki)' (l (N= I L,)a2 .

Thus, equation (4.7) always overstates the aggregate output if there
are constant or increasing returns to scale. Equation (4.8) always
overstates the aggregate output if there are constant or decreasing
returns to scale. The direction of the bias cannot be determined for
equation (4.7) if there are decreasing returns to scale and for equa-
tion (4.8) if there are increasing returns to scale.

These biases refer to situations in which the parameters ot, and a2
are given. The problem of aggregation bias is further complicated
by the need to estimate these parameters in general. If aggregate
data are used to estimate the production function parameters, one
will be estimating the equation

(4.9) ln ( 1= I Yi) = ln YO' + al ln (',= I K) + al' ln (F4 Li).

If averaged data are used to estimate the production function pa-
rameters, one will be estimating the equation

ln [(1/N) XN= I YJ = ln YO** + al1* * ln [(1/N) IN= I Kj]

+ (al* In [(1 IN) 1:N= I Li]
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or

(4.10) In 1 Yi) = {ln YS* + [1 - (aot-- + a2**)] In N}

+ (li In (Yt=. K) + x2** In (IN=lLi).

Equations (4.9) and (4.10) are statistically equivalent for given N,
and the estimated c4's will be identical to the estimated ott's.
These two equations may be compared with the true aggregate
relation:

(4.11) Si= ln Yi I In Yo + o 1 Si=l ln Ki + t2 SI=I In Li.

Given that Yi, Ki, and Li are all positive quantities, the arithmetic
means of Yi's, Ki's, and Li's are always greater than the correspond-
ing geometric means, that is,

(I1IN) SINI yi (riN I yi)IIiN

(1/N) I =1 Ki (H11N, Ki)l N

(I1IN) SI I Li _ 1i= Li)11N
which implies

In (IN i -l (IIN) LIN , In Yi

In (I N= I Ki) - In N _(IIN) 3EiN= I In Ki

In (zi = X Li) - In N -(1 IN) I2N= I In Li .

Thus, the variables as measured in equation (4.9), ln ( I'Z1 Yi), In
I Ki), and ln (I= I Li) are all biased estimates of the correspond-

ing variables in the true relation: ( I= ln Yi), ( IZ In Kj), and (&N[= I
ln Li). This can be seen most clearly if equation (4.9) is rewritten as

In (EN= Yi) - ln N = [In Y& + (ot1c + a2' - 1) ln N]

+ ot1 [ln ( N=1 I Ki) - ln N]

+ tx2* [ln (i= 1 Li) - ln N]

which can be compared directly with 1IN times equation (4.1 1). It is
an open question whether in general the values of oxl* and oX2* esti-
mated from equation (4.9) are close approximations of the true
production function parameters cot and (X 2 , the biases depending in a
complicated way on the distributions of the Yi's, Ki's, and Li's. If
individual farm data are used, then of course such aggregation
biases will disappear. In general, an equation such as (4.9) can only
be regarded as an approximation of the true relation in equation
(4.11).
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Figure 4-1. Data Aggregation: Regional versus Pooled Analysis
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Insufficient variation and externalities

A significant problem in using individual farm data from a single
region lies in the lack of sufficient variation in the independent
variables, which results frequently in imprecise and possibly biased
estimates of the production function. In addition, if there are posi-
tive or negative externalities because of one farm's use of a particu-
lar factor that is specific to the community, then production func-
tions estimated from individual farm data within a single region
may result in biased estimates for the coefficient of that factor.4

For example, in Figure 4-1, if each region's individual farm data
are run separately, then the production function may appear essen-
tially flat. If the data are pooled from several regions, however, and
if the production functions are identical for all regions, a much
more precise estimate of the production function can be obtained.
The regional average data can also be used for this purpose. This

4. As discussed in the beginning of this chapter, there are reasons to believe that
education might have positive externalities, resulting, therefore, in estimates of their
effects that are biased downward.
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will result in more or less the same estimate of the production
function as the pooled individual farm data. The reasoning here
then argues for pooling data across regions, whether they are indi-
vidual farm data or regional average or aggregate data, rather than
for using one kind of data over another.

Systematic regional differences

Although it is generally true that there is greater variation among
regions than within a region, it is also more likely that the produc-
tion functions may be more different among regions than within a
region. The use of a single cross section of regional average or
aggregate data invariably involves pooling data from different re-
gions. The validity of the pooling operation depends crucially on the
assumption that the production function is identical for all regions.
Thus, to the extent that the production functions differ systemati-
cally among regions, the use of a single cross section of regional
average or aggregate data runs into difficulties. The systematic
differences may be in the intercepts of the production functions, in
the slopes of the production functions, or both. In even the simplest
case of differences in the intercepts only, the estimated production
function based on regional average or aggregate data will be in
general biased, as illustrated in Figure 4-2.

It is apparent from Figure 4-2 that if the intercept term is allowed
to vary across regions (which cannot be done with a single cross
section of regional average or aggregate data), an estimate can be
obtained of the slope of the production function without bias. If
differences in the intercepts are not allowed, however, then using
regional average or aggregate data, or pooling the individual farm
data from all the regions, will result in a biased estimate of the
slope.

The hypothesis of no regional differences in the intercepts can be
tested if individual farm data are available. It has to be maintained
for a single cross section of regional average or aggregate data. It
can, however, also be tested if a time series of cross sections of
regional average or aggregate data are available.

Covariance of individual data

One consideration that makes the use of regional average or
aggregate data relatively more attractive than data from individual
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Figure 4-2. Data Aggregation: Effects of Regional Intercepts
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farms is the possible covariance of the stochastic disturbances
which affect the individual farm data. To take an extreme case, if all
the stochastic disturbances on individual farm outputs have their
origins in weather, it is reasonable to assume that they will be
correlated within a given region. If the correlation were perfect,
then using the output data from one farm would be the same as
using that from another, since they would contain the same statis-
tical information. In this case, using the regional average or aggre-
gate data and using the individual data will not make any difference
in the precision of the resulting estimates.

Covariance is also relevant in another way. Suppose that within a
given region, certain independent variables tend to move together.
Then it will in general be difficult to identify the effects of the two
variables separately using only data from that region. It is possible,
however, that the degree of covariance may be different for different
regions, so that by pooling data or by using regional average or
aggregate data, the separate effects of locally multicolinear inde-
pendent variables can be identified. Again, this is an argument for
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pooling data from different regions, and not necessarily for using
regional average or aggregate data rather than individual farm data
as such.

Simultaneous equations bias

An argument in favor of using individual farm data in the profit
function analysis is based on the fact that in a localized market, the
aggregate quantities and the prices are simultaneously determined
by the equilibrium of supply and demand. Thus, if regional average
or aggregate data are used, it cannot be assumed that the average or
aggregate quantities demanded of the factors do not affect the
equilibrium supply prices. It is reasonable to assume, however, that
for the individual farm, the prices facing the farm are independent
of the farm's actions. Thus, in analyzing the individual farm data,
treating the prices as exogenous variables is justified, whereas in
the analysis of regional average or aggregate data, it is not. How-
ever, the possible existence of simultaneous equations bias is not an
insurmountable problem. There are estimators that will eliminate
the bias, but this involves additional computation.

There is, however, another possible source of simultaneity result-
ing from the use of aggregate data that is perhaps more important
for the purposes of this study. A historically and currently more
productive region might also have purchased more education for its
inhabitants as a consumption good, and the possible positive effect
of education on productivity must be disentangled from a positive
income elasticity of demand for education. This is less serious a
problem with data from individual farms, since relatively much
less variation in historical patterns of productivity is expected with-
in a region than among regions.

Technical change

One drawback with the use of a single cross section of individual
farm data is the inability to identify technical change. Nor can this
be done with a single cross section of regional average or aggregate
data. It can be done only with time-series average or aggregate data,
or a time series of cross sections. Technical change, however, as well
as the adoption of technical innovations, is a very important aspect
of agricultural production. As mentioned earlier, there have been
few studies that are based on a panel of farms observed over time. In
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a follow-up study to this one, we are developing some panel data
that cover five consecutive years. At least some of the components of
technical change and innovation adoption behavior should be iden-
tified.

The Data Sets

For the purpose of this study, cross-sectional production data
from individual farm households are used. The advantages and
disadvantages of individual versus average or aggregate data have
been discussed above. Suffice it to say that with individual data the
quantity of output of each individual farm can be related directly to
the quantities of inputs used by that farm and to the characteristics
of that farm household. In addition, at the microeconomic level, it is
also more likely that the prices faced by the individual farms are not
affected by the quantities of outputs produced and inputs used by
individual farms, so that prices may be assumed to be exogenous. At
the macroeconomic level, the prices and quantities will be related
because they are simultaneously determined by equilibrium in the
market, which implies the possible existence of simultaneous equa-
tions bias and requires more complicated methods of estimation.

For all three countries in this study-Thailand, Korea, and
Malaysia-data are available on individual farm households,
selected on the basis of stratified random sampling. These data sets
have all been carefully collected, compiled, and verified, and are
very reliable. Thus, the empirical findings will need to be con-
fronted directly, as one can no longer take refuge in the poor quality
of the data. The sizes of the usable samples differ: 275 for Thailand,
1,904 for Korea, and 403 for Malaysia.

The samples for Thailand and Malaysia are both local in geo-
graphical coverage: Chiang Mai Valley for Thailand and the Muda
River area for Malaysia. The sample for Korea is a national prob-
ability sample. Thus, the results for Korea may be more representa-
tive of the country as a whole than the results for Thailand and
Malaysia.

The Thailand survey was conducted by interviews. The Korean
and the Malaysian surveys relied substantially on written records
collected monthly. The Thailand survey period includes the rainy
season (April) of 1972 and the dry season (July) of 1973. The Korean
survey period is from January 1, 1974 to December 31, 1974. The
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Malaysian survey period is from November 1972 to November 1973.
Thus, the three survey periods are very close together.

The data sets for all three countries include the quantities of
output and inputs. Price data, however, are available for the Thai-
land sample only and were not collected in the Korean and Malay-
sian samples. Thus, only the production function analysis can be
applied to the Korean and Malaysian data sets. Allocative and
market efficiency, which depend on prices, are analyzed only for the
Thailand data set.

The main crop that is grown in all three countries is rice. Thus,
the results are potentially comparable. Factor endowments differ
substantially among the three countries, however, and the differ-
ences are most pronounced between Thailand and Malaysia on the
one hand, and Korea on the other. Table 4-1 presents some statis-
tics on the agricultural environment of the three countries, and
Table 4-2 presents factor ratios prevailing in the different coun-
tries. It is evident that Korea is the most poorly endowed with
natural agricultural resources, whereas Thailand and Malaysia are
more comparable. In Korea also the applications of labor and fertil-
izer per hectare are more than ten times more intense than in
Thailand or Malaysia. The fertilizer-labor ratios in Korea and Thai-
land are quite comparable.

Table 4-1. Agricultural Environmenit of Korea, Malaysia,
and Thailand, 1973

Arable Normal Normal
Arable land annual annual
land' Popu- per temper- precip-

(millions of lationb capitac ature itation
Country hectares) (millions) (hectares) (°C) (inches)

Republic of Korea 2.24 33.30 0.066 5 - 2 7d 3 6 -5 2 d

Malaysia (Peninsular) 2.87 9.56 0.302 19-30e 75-110l

Thailand 14.00 39.41 0.353 15-35 80-120

a. FAO (1976), pp. 14-16.
b. Ibid., p. 30.
c. Arable land divided by population.
d. Kim (1979), pp. 30-33.
e. Vreeland (1977), p. 17.
f. Henderson (1971), pp. 12-13.



THE DATA 81

Table 4-2. Output and Inputs per Hectare in Korea, Malaysia,
and Thailand

FAO national Our sample
Our sample averagea
(kilograms (kilogramis Kilograms
of output of output Labor days of fertilizer

Country per hectare) per hectare) per hectare per hectare

Korea
Mechanical farms 55 60 .74b 1643.96 351.57
Nonmechanical farms 3738.07b 5129.00 1073.49 231.22

Malaysia 4077.40c 2979.00 65.03 n.a.

Thailand
Chemical farms 3022.01' 1831d.00 90.99 26.91
Nonchemical farms 3136.84c 109.12 -

n.a. Not available.
- Not applicable.
a. FAO (1976), p. 4.
b. The total value of output was divided by the price of output to get a quantity

figure. The prices used are from Republic of Korea (1975a), p. 410.
c. Per crop hectare.
d. A figure of 2,500 to 3,000 kilograms per hectare for the Chiang Mai region is

mentioned in Ishii (1978), p. 21.

Thus, although in principle it is possible to pool the data for all
three countries to estimate a single production function, this has
not been done. As Table 4-2 reveals, the relative factor ratios pre-
vailing in the different countries are so different-that is, the farms
in the different countries are operating in such different regions of
the production function-that a simple functional form such as the
Cobb-Douglas function cannot possibly model the technology for all
three countries adequately. Thus the study only compares qualita-
tively the nature of the results obtained in different countries.

There are many factors that may lead to differences in the tech-
nology of agricultural production among these countries, despite
the fact that the predominant crop in all three countries is the
same-rice. The climate, terrain, soil fertility, and population
pressures differ markedly, especially between Malaysia and Thai-
land on the one hand, and Korea on the other.5 The differences are

5. Population pressure can affect the pattern of cropping and land use practices.
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also borne out by the production function estimates. The different
production functions for the three countries may be regarded as
different local approximations of the same production function for
rice, with Malaysia and Thailand operating at low levels of labor
per hectare, and Korea operating at a high level.

Thailand

Most of the farm households in Thailand own and operate their
farms. There are also a small number of tenant-farmers, who only
work on farms. Together they constitute approximately 90 percent
of all farm households in Thailand. Approximately another 5 per-
cent of the farm households are headed by landless laborers, and
another 5 percent are primarily engaged in fisheries and forestry.
Members of the farm households do engage in other activities occa-
sionally, but the primary occupation of the head of household is to
work on his own farm. Agriculture is organized on the basis of
individual households. There is very little cooperative or planta-
tion-type farming.

Our study of Thai agriculture was based on a survey of 440 farm
households located in the Chiang Mai area in northern Thailand.
The survey was conducted from April to July 1973 by Tongsiri,
Lerttamrab, and Thodey (1975). It covered the rainy season of 1972
and the immediately following dry season of 1973. Villages and
farm households were initially selected in November 1972. This
sample of 440 farm households spread throughout the valley in
twenty-two villages was interviewed in April/May 1973. Follow-up
interviews were conducted of farmers growing dry-season crops not
already harvested at the time of the main survey. Every effort went
into trying to acquire accurate data from farmers, including having
two interviewers live in each village for a week, measuring fields
with surveying equipment and sampling crop yields. The survey
households were chosen through stratified random sampling. The
Chiang Mai Valley was stratified into five areas, villages were
selected systematically within each strata, and twenty farm house-
holds were selected systematically within each village. The actual
villages selected are listed in Table 4-3. The locations of these
villages are depicted the map on the opposite page. There are an
estimated 82,000 farm households in the Chiang Mai Valley. Agri-
cultural census data verified that the villages chosen constituted a
representative sample of the Chiang Mai Valley.
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Table 4-3. Villages in the Thai Sample

Name District Province

Jorm Jang Mae Taeng Chiang Mai
Tark Rai Mae Rim Chiang Mai
Pa Jee Muang Chiang Mai
Pa Pae Hung Dong Chiang Mai
Rong Yaeng Hung Dong Chiang Mai

Huay Ku San Pa Tong Chiang Mai
Mai Muang Kon San Pa Tong Chiang Mai
Tung Look San Pa Tong Chiang Mai
Tar Lee Jorm Tong Chiang Mai
Tung Pa Ket San Sai Chiang Mai

Tung Kao Tok San Sai Chiang Mai
Pae Pa Ka Doi Sa-Ket Chiang Mai
San Kiang Pa Lao San Kampaeng Chiang Mai
Pa Tarn San Pa Tong Chiang Mai
Nong Pueng Sarapee Chiang Mai

Sri Boon Rueng Sarapee Chiang Mai
Hua Fai Muang Lampoon
Muang Kuak Muang Lampoon
Nong Tao Muang Lampoon
Don Klang Pa Sang Lampoon

Lao Du Pa Sang Lampoon
Pa Puay Ban Hong Lampoon

Table 4-4. Variables for Thai Farms That Produce Rice

Independent
variable Definition

Y Output (kilograms)
11 Profit (kilograms) (value normalized by price of output)
L Labor days
W Labor wage rate (kilograms per day) (money wage rate normal-

ized by the price of output)

CH Chemical inputs (kilograms)
PCN Chemical inputs price (kilograms per kilogram) (money price

normalized by the price of output)
K Value of equipment (baht) (US$1 = 20.65 bahts, 1973)
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Table 4-4 (continued)

Independent
variable Definition

T Land area cultivated (rai) (I rai = 0.164 hectare)

RI Region dummy, villages 1, 2, 10, 11, 12
R2 Region dummy, villages 3, 4, 5, 6, 7, 13, 14, 15, 16, 17
R3 Region dummy, villages 9, 21, 22
R4 Region dummy, villages 8, 19, 20

A5 Maximum education of either head of household (years)
A6 Average educational level of household.members 17 to 60 years

old, including head of household (years)
A7 Maximum age of either head of household (years)

El Education dummy, 1 if A5 = 0; 0 otherwise
E2 Education dummy, I if 0 < A5 < 4; 0 otherwise
E3 Education dummy, I if A5 = 4; 0 otherwise
E4 Education dummy, I if A5 > 4; 0 otherwise
E5 Education dummy, I if AS > 0; 0 otherwise

E6 Education dummy, 1 if A5 = 0; 0 otherwise
E7 1 if chemical inputs used, E5 == 1; 0 otherwise
E8 1 if no chemical inputs used, ES = 1; 0 otherwise
E9 1 if chemicals used, E5 = 0; 0 otherwise

EXT 1 if agriculture extension services available: 0 otherwise
CR I if credit is taken or available; 0 otherwise
HM I if male head of household; 0 if female head of household

A52 A5-AS
A72 A7 A7
ASEXI A5 EXI, where EXI = 1 if extension services available;

0 otherwise
ASEXO A5 EXO, where EXO = 1 if extension services available;

0 otherwise
A6EXI A6 -EXI, where EXI same as above

A6EXO A6 -EXO, where EXO same as above
A7EXI A7 -EXI, where EXI same as above
A7EXO A7 -EXO, where EXO same as above
A7SEI A7 -A7 EXI, where EX] same as above
A7SEO A7 A7 EXO, where EXO same as above

A7AS A7 AS
D35 1 if head of household ' 35 years old; 0 otherwise
D35AS D35-A5
D35PA5 D35P -A5, where D35P = 1 if head of household > 35 years old;

0 otherwise



Table 4-5. Sample Means of Variables for Thai Farms: Chemical and Nonchemical Farms

Chemical farms, Nonchemical farms,
sample= 91 sample = 184

Standard Standard
Independent variable Mean deviation Mean deviation

Output (kilograms) 4,352.264 2,881.781 3,823.788 2,166.085
Normalized profit (kilograms) 3,067.998 2,416.550 2,700.149 1,814.089

°o Output price (baht per kilogram) 1.213 0.142 1.163 0.156
Labor days 131.451 87.865 129.380 75.513
Normalized labor wage rate (kilograms per day) 8.808 1.947 8.258 2.008
Chemical inputs (kilograms) 35.741 21.011 - -
Normalized chemical inputs price (kilograms per kilogram) 5.037 3.328
Chemical inputs price (non-normalized) (baht per kilogram) 5.940 3.733 - -
Value of equipment (baht) 90.406 55.341 90.266 54.743
Land area (rai) (I rai = 0.164 hectare) 10.111 7.082 8.048 4.609
Region 1 0.209 0.406 0.261 0.439
Region 2 0.571 0.495 0.533 0.499
Region 3 0.121 0.326 0.087 0.282
Region 4 0.099 0.299 0.120 0.324
A5 (education of head of household) (years) 3.143 2.434 3.011 1.769
A6 (average education) (years) 3.523 1.605 3.535 1.265
A7 (age of head of household) (years) 50.363 12.231 47.179 12.601



El (education dummy, A5 = 0) 0.253 0.435 0.223 0.416
E2 (education dummy, 0 < A5 < 4) 0.088 0.283 0.098 0.297
E3 (education dummy, A5 = 4) 0.604 0.489 0.663 0.473
E4 (education dummy, AS> 4) 0.055 0.228 0.016 0.127
E5 (head of household education dummy) 0.747 0.435 0.777 0.416

EXT (I if extension services available) 0.692 0.462 0.511 0.500
CR (I if credit taken or available) 0.813 0.390 0.734 0.442
HM (1 if male, 0 if female) 0.978 0.147 0.995 0.074

A52 (A5- A5) 15.802 25.149 12.196 9.974
A72 (A7 A7) 2,686.0 1,344.0 2,384.7 1,275.3
A5EXI (A5 EXI, EXI = I if EXT = 1) 1.912 1.976 1.554 1.983
A5EXO (A5 EXO, EXO = 1 if EXT = 0) 1.231 2.594 1.456 1.930
A6EXI (A6 -EXI, EXI = I if EXT = 1) 2.401 2.066 1.823 2.019

A6EXO (A6 EXO, EXO = I if EXO = 0) 1.125 1.926 1.713 1.944
A7EXI (A7 . EXI, EXI = I if EXI = 1) 34.868 25.044 24.299 25.269
A7EXO(A7- EXO, EXO = 0 if EXO = 0) 15.495 24.555 22.880 25.143
A7SEI (A7 A7EX], EXI = I if EXI = 1) 1,843.0 1,589.2 1,229.0 1,480.5
A7SEO (A7 A7 EXO, EXO = I if EXO 0 O) 843.01 1,545.3 1,155.7 1,508.3

A7A5 (A7 . A5) 144.25 106.13 127.17 79.798
D35 (1 if head of household Ž 35 years old; 0 otherwise) 0.055 0.228 0.168 0.374
D35A5 (D35 -A5) 0.253 1.403 0.668 1.487
D35PA5 (D35P = I if head of household - 35 years old; 0 otherwise) 2.890 2.327 2.342 2.013

- Not applicable.



Table 4-6. Sample Means of Variables for Thai Farms: All and Selected Farms

All farms, Selected farms,
c., sample =440 sample 275

Standard Standard
Independent variable Mean deviation Mean deviation

Output (kilograms) 3,597.866 2,411.819 3,998.665 2,433.830
Profit (baht) 3,075.910a 2,523.944 3,314.566 2,395.208
Output price (baht per kilogram) 1 357b 0.663 1.180 0.153
Labor days 135.487a 87.689 130.065 79.657
Labor wage rate (baht per day) 9.715a 2.517 9.880 2.352
Value of equipment (baht) 90.006 54.233 90.312 54.841
Land area (rai) (I rai = 0.164 hectare) 8.904d 6.177 8.731 5.622
Region 1 0.227 0.420 0.244 0.430
Region 2 0.455 0.498 0.545 0.499
Region 3 0.136 0.344 0.098 0.298
Region 4 0.136 0.344 0.113 0.317



A5 (education of head of household) (years) 2.945d 2.058 3.055 2.018
A6 (average education) (years) 3.478d 1.346 3.531 1.390
A7 (age of head of household) (years) 47.093c 14.124 48.233 12.592

El (education dummy, A5 = 0) 0.264 0.441 0.233 0.423
E2 (education dummy, 0 < A5 < 4) 0.091 0.288 0.095 0.293
E3 (education dummy, A5 = 4) 0.611 0.488 0.644 0.480
E4 (education dummy, A5 > 4) 0.034 0.182 0.029 0.168
E5 (head of household education dummy) 0.736 0.441 0.767 0.423

EXT (I if extension services available) 0.500 0.501 0.571 0.496
CR (1 if credit taken or available) 0.800 0.400 0.760 0.428
HM (I if male, 0 if female) 0.966 0.182 0.989 0.104

a. Computation based on sample of 310 farms after eliminating farms with missing values.
b. Computation based on sample of 439 farms after eliminating farms with missing values.
c. Computation based on sample of 431 farms after eliminating farms with missing values.
d. Computation based on sample of 438 farms after eliminating farms with missing values.
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The main survey included a questionnaire administered to each
selected household; a questionnaire about the village administered
to various village leaders, particularly the headman; and the
measurement of all fields farmed by each household. In villages
with significant dry-season cropping, a village resident was hired
and trained to sample dry-season crop yields.

After eliminating households with missing or inconsistent data-
for example, no entry for capital, land, or labor, or an abnormally
high or low quantity of output or input-only 275 of the sample
households could be used in the study. These 275 Thai farm house-
holds were further divided into two groups: the 91 farms that used
chemical inputs and the 184 farms that did not use chemical inputs.
They will be referred to here as chemical and nonchemical farms,
respectively.

The variables used in the Thai production function analysis are
defined in Table 4-4. Table 4-5 gives the means and standard
deviations of these variables. The Thai production data used in this
study cover only the rainy season of 1972. The rainy season is chosen
because essentially only one crop is produced then-rice-whereas
several crops-such as cotton-are produced in the dry season, and
there would be problems in comparing farms with different crops.
Glutinous rice constitutes 91.1 percent of total output; nongluti-
nous rice constitutes 8.4 percent of total output.

Table 4-6 shows the means and standard errors of the variables
for the whole sample of 440 farms in order to evaluate whether any
systematic bias was introduced by the sample selection procedure.
A comparison of the two tables indicates that there was no substan-
tial bias in the sample selection procedure with regard to farm
household characteristics. The selected farms as a group appear to
have higher average output and profit, and lower labor and land
inputs, but the differences are well within the bounds of sampling
variation.

Korea

Most of the farm households in Korea, as in Thailand, are also
operated by owners or tenants. For the tenants, their tenure is
secure and hereditary by tradition and custom, if not by law. Agri-
cultural activities are carried out on the basis of individual house-
holds. There is very little cooperative or plantation-type farming,
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although sometimes cooperatives are formed for credit and market-
ing purposes.

The study of Korean agriculture was based on the Farm House-
hold Economy Survey of 1974 conducted by the Ministry of Agricul-
ture and Fisheries of the Republic of Korea. The survey was based
on a three-stage stratified random sample (Republic of Korea
1975a,b). The sample households maintained daily logs of their
transactions. Enumerators would help to make entries in the daily
log if any household was unable to do so on its own.

Originally, the sample contained 2,254 farms, which constituted
approximately 0.1 percent of all farm households in the country.
After eliminating farms with missing and inconsistent data, how-
ever, only 1,904 farms remained in the sample. This was then
divided into two groups: farms that used mechanical power and
farms that did not. There were 1,363 farms using mechanical power

Table 4-7. Variables for Korean Farms

Independent
variable Definition

y Value of agricultural crop output (wons)
L Labor hours (own, hired and exchange)
AN Animal power, own and hired (hours)
MECH Mechanical power, own and hired (hours)
CH Chemical inputs, such as fertilizers and pesticides (wons)
K Value of assets (won) (US$1 = 405.97 wons, 1974)
T Land area cultivated (pyung) (1 pyung = 0.0003 hectare)
RI to R9 Region dummy, one for each of the nine provinces: (1) Kyeonggi,

(2) Kangwon, (3) Chungbuk, (4) Chungnam, (5) Cheonbuk, (6)
Cheonnam, (7) Kyeongbuk, (8) Kyeongnam, and (9) Cheju. I if
the farm is located in the province, 0 otherwise.

AS Education of head of household (years)
A6 Average educational level of household members 17 to 60 years

old, including the head of household (years)
A6* Average educational level of household members 17 to 60 years

old, excluding the head of household (years)
A7 Age of the head of household (years)
El Education dummy, I if AS = 0; 0 otherwise
E2 Education dummy, I if 0 < AS < 6; 0 otherwise
E3 Education dummy, I if AS = 6; 0 otherwise
E4 Education dummy, I if AS > 6; 0 otherwise
HM I if male head of household; 0 if female head of household



Table 4-8. Sample Means of Variables for Korean Farms: Mechanical and Nonmechanical Farms

Mechanical farms, Nonmechanical farms,
sample = 1,363 sample = 541

Standard Standard
Independent variable - Mean deviation Mean deviation

Output (wons) 363,725.125 277,465.250 259.856.00 186,334.50
Labor (hours) 2,133.219 1,257.190 1,767.962 1,066.046
Animal power (hours) 88.964 87.181 67.468 64.868
Mechanical power (hours) 22.037 40.900 - -
Chemical inputs (wons) 21,013.578 21,362.246 14,918.93 14,068.74
Value of assets (wons) 216,480.875 229,709.500 213,885.375 207,876.938
Land area (pyungs) 1,574.309 1,506.121 1,338.796 1,249.632

A5 (education of head of household) (years) 5.246 3.069 4.826 3.116
A6 (average education) (years) 5.148 2.754 4.950 2.770
A7 (age of head of household) (years) 47.530 11.613 47.323 12.220

El (education dummy, AS = 0) 0.099 0.299 0.142 0.350
E2 (education dummy, 0 < AS < 6) 0.289 0.453 0.303 0.460
E3 (education dummy, AS = 6) 0.459 0.498 0.427 0.495
E4 (education dummy, AS > 6) 0.153 0.360 0.128 0.334
HM (I if male; 0 if female) 0.902 0.297 0.876 0.330

-Not applicable.



Table 4-9. Sample Means of Variables for Korean Farms: All and Selected Farms

All farms, Selected farms,
sample = 2,254 sample = 1,904

Standard Standard
Independent variable Mean deviation Mean deviation

Output (wons) 319,994.140 250,812.865 334,212.125 259,131.500
Labor (hours) 1,953.383 1,216.561 2,029.436 1,216.896
Animal power (hours) 81.309a 81.086 82.856 82.024
Mechanical power (hours) 21 304b 41.377 22.037e 40.900
Chemical inputs (wons) 18,503.272 20,637.184 19,281.855 19,756.930
Value of assets (wons) 212,645.100c 216,905.340 215,743.000 223,670.250
Land area (pyungs) (1 pyung = 0.0003 hectare) 1,4 94 .451d 1,422.111 1,507.390 1,441.501

AS (education of head of household) (years) 5.132 3.141 5.400 2.495
A6 (average education) (years) 5.404 2.564 5.127 3.087
A7 (age of head of household) (years) 47.480 11.885 47.471 11.786

El (education dummy, A5 = 0) 0.116 0.321 0.111 0.315
E2 (education dummy, 0 < A5 < 6) 0.288 0.453 0.293 0.455
E3 (education dummy, A5 = 6) 0.447 0.497 0.450 0.498
E4 (education dummy, A5 > 6) 0.149 0.356 0.146 0.353
HM (I if male; 0 if female) 0.894 0.309 0.895 0.307

a. Computation based on sample of 2,147 farms after eliminating farms with missing values.
b. Computation based on sample of 1,570 farms after eliminating farms with missing values.
c. Computation based on sample of 2,251 farms after eliminating farms with missing values.
d. Computation based on sample of 2,044 farms after eliminating farms with missing values.
e. Computation based on sample of 1,363 farms after eliminating farms with missing values.
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(henceforth, mechanical farms) and 541 farms not using mechani-
cal power (henceforth, nonmechanical farms).

The definitions of the variables used in the production function
analysis are in Table 4-7. Originally, education was coded as a
categorical variable. This was converted into equivalent number of
years so that it could be compared directly with the other countries
included in this study as follows:

Original code number and description Years
1-Yet to attend school 0
2-Illiterate 0
3-Literate 3
4-Elementary school 6
5-Middle school 9
6-High school 12
7-College and above 16

Table 4-8 presents the means and standard deviations of the
variables used in estimating production functions for Korean
mechanical and nonmechanical farms. For comparison, Table 4-9
presents the means and standard deviations of the variables for the
whole original sample. The selected farms as a group have slightly
higher outputs and inputs than the sample average, but the differ-
ences are well within the bounds of sample variation.

Malaysia

In Malaysia agricultural activities are carried out in both indi-
vidually organized household farms and in plantations. Our analy-
sis covers only the individual farm households. The data were taken
from a survey of farm households located in the Muda River area
(Kedah and Perlis) in northwestern peninsular Malaysia conducted
between November 1972 and November 1973 (FAo/World Bank
1975).

The sample was selected by first taking a random sample of all
rural population census enumeration blocks within the project
area, using a 25 percent sampling fraction. The result was then
reduced by 32 percent to only those households primarily engaged
in paddy cultivation. Households with paddy farms on qualita-
tively inferior acid soils (8 percent of the original) were discarded as
well as those which failed to report labor usage in paddy cultivation
activities or paddy output. The remaining sample was reduced to
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Table 4-10. Variables for Malaysian Farms

Independent
variable Definition

Y Paddy output (gantangs) (I gantang = 2.42 kilograms)
L Labor hours; male and female labor hours are weighted equally.
CH Other variable inputs; includes fertilizers and insecticides (M$)

(US$1 = M$2.443, 1973)
K Capital input in weighted hours; includes tractor and bullock in-

puts weighted in terms of time required to bring an area of
land into the same state of readiness for planting.

T Land area cultivated (relongs) (I relong = 0.284 hectare)

STR4 Dummy variable for I year of experience in double-cropping
STR6 Dummy variable for 2 years of experience in double-cropping
STR8 Dummy variable for 3 or more years of experience in double-

cropping

Education variables
LIT Can read and write Jawi, but had no formal education
EDS Some education, but did not complete primary school or had

from I to 3 years of religious education
EDL Completed primary school or had more than 3 years of religious

education
EDU Had at least some secondary school
EDA Attended adult classes only

Table 4-11. Sample Means of Variables for Malaysian Farms
(sample = 403)

Independent Standard
variable Mean deviation

Output (gantangs) (I gantang = 2.42 kilograms) 2,765.83 2,418.45
Labor (hours) 988.60 726.10
Chemical-other variable inputs (M$) 64.48 73.29
Capital (hours) 98.03 120.35
Land area operated (relongs) (1 relong = 0.284 hectare) 5.812 4.489

LIT (can read and write Jawi but no formal education) 0.21 0.41
EDS (some education but did not complete primary 0.28 0.45

school or had from 1 to 3 years of religious education)
EDL (completed primary school or had more than 3 0.19 0.39

years of religious education)
EDU (had at least some secondary school) 0.17 0.13
EDA (attended adult classes only) 0.03 0.18
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double-cropping households, thereby choosing only those farmers
who had taken aclvantage of the irrigation scheme to increase their
yield. Altogether 403 farm households were included, and these
were then divided about equally into households having one year,
two years, or three or more years of experience in double cropping.
This study focuses on one agricultural cycle for which complete
records were available: the second yearly crop between April/May
and August/September of 1973. A more detailed discussion of the
survey and the data can be found in Barnum and Squire (1979,
chapter 2).

The survey had only two questions dealing with education, one on
the schooling of the head of household and one on the highest
educational level of any male member of the household. As the
responses were designated as one of twelve categories rather than
number of grades for years, dummy variables were used in the
regression equations to capture the effect of education. Religious
education as repcrted consisted of Koranic teachings sponsored by
the local mosque. It usually included reading and writing in Malay
and some Arabic.

The variables used in the study of the agricultural production
function in Malaysia are defined in Table 4-10. Table 4-11 presents
the means and standard deviations of these variables.



PART TWO

Empirical Analysis





CHAPTER 5

Education and Productivity

IN THIS CHAPTER WE EXAMINE the effects of formal education and
nonformal education (agricultural extension) on the technological
levels of farmers. Data on farm outputs and inputs collected from
individual farms are used to determine whether farmers with
higher levels of education or agricultural extension or exposure (or
both) exhibit a higher level of technology; that is, whether these
farmers are able to obtain a higher output from the same measured
quantities of inputs. Each individual farm, given its level of technol-
ogy, which may depend on the quantity of education or agricultural
extension, is assumed to be technically efficient. In other words, it
operates on the frontier of its set of production possibilities. Thus,
all variations in productivity across farms are attributed to varia-
tions in the technological level.

The chapter begins with an explanation of the empirical methods
used to measure the effects of education, extension, and other char-
acteristic variables. The results of the empirical analyses of the
effects of education on productivity in Thailand, Korea, and
Malaysia are then reported. These analyses assume that the effects
of education on productivity are neutral, that is, that education
does not affect the productivity of labor, chemical inputs, capital, or
land differentially. A concluding section reports on statistical tests
of the adequacy of this neutrality assumption.

Empirical Methodology

The basic concept used in the analysis of productivity is the
production function. It is assumed that each farm has a set of
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production possibilities: the set of all feasible combinations of input
and output from which the farm can choose. This set can be de-
scribed by a production function

(5.1) Y = F(X, Z, E)

where Y is the quantity of output, X is a vector of quantities of
variable inputs, Z is a vector of quantities of fixed inputs, and E is a
vector of characteristic variables of the farm household, which
includes location, education, age, sex, availability of agricultural
extension services, and availability of credit. By assuming an alge-
braic form for the production function, it can be econometrically
estimated from data on the quantities of output, variable and fixed
inputs, and characteristic variables.

Functional form

The hypotheses maintained in this study on the production func-
tion are that, first, all the physical inputs of production (capital,
labor, land, fertilizers, and so forth) are alwavs included in the
production function; and, second, the effect of education (or agri-
cultural extension services) or any other characteristic variable on
the agricultural production function is neutral, that is, it changes
the whole production function by a multiplicative scalar factor.
This is a substantive specialization of the production function be-
cause it does not allow, for example, different rates of factor aug-
mentation for different inputs, nor does it allow, in the context of
the Cobb-Douglas production function, the possibility that the elas-
ticities of production may depend on the effect of education. Under
the neutrality assumption, the production function may be written
as

(5.2) Y = A(E)F(X, Z).

For the empirical analysis the production function is further
specialized to the Cobb-Douglas form, so that

(5.3) Y = A llj= I X7i 11=I ZIVi = 1 eYiEi.

Taking the natural logarithms of both sides of equation (5.3), we
have

(5.4) In Y = In A + XTm=I oXi In Xi + 1Et=I Pi In Zi + 1Pj= IyiEi'
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Equation (5.4) is the basic estimating form used in the production
function analysis, although subsequently we also allow the possibil-
ity that there may be interaction effects among the Er's.

The ai's and the Pi's in equation (5.4) have the usual interpreta-
tion of production elasticities. The yi's have the interpretation of the
percentage changes in output in response to unit changes in the E1's,
other inputs, and characteristics variables being held constant, that
is,

(5.5) yi = a In YilaEi.

If the Ei variable is measured in terms of years of, say, education,
then Yi is approximately the percentage change in output in re-
sponse to an increase of one year of education at the margin, other
things being equal.

To assess the restrictiveness of the assumption that the effect of
education on the agricultural production function is neutral for
Thai farms, we performed Chow tests on the equality of the coef-
ficients of the physical inputs between the production functions of
the educated and the uneducated farmers. If education actually
affects the production function in a nonneutral manner, for exam-
ple, if it enhances the marginal product of chemical fertilizers more
than that of labor, then the coefficients of the physical inputs of
production should differ for both the educated and uneducated
farms. To assess the restrictiveness of the neutrality assumption for
Korean farms, we performed tests on the absence of interaction
effects between education variables and physical input variables.
The results of these tests are reported in the last section of this
chapter.

Estimation procedure

The production functions are estimated by ordinary least
squares. The basic assumption is that the independent variables
and the stochastic disturbance term are uncorrelated and that the
variance of the vector of stochastic disturbance terms is equal to a
scalar times an identity matrix. Although such an assumption is
standard in this kind of work, it is open to at least two criticisms.
First, it is often argued that the quantities of output and variable
inputs are simultaneously determined through the conditions for
profit maximization, and hence the stochastic disturbance term in
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the production function may be correlated with the observed quan-
tities of the variable inputs. This implies that the ordinary least-
squares estimator will be subject to possible simultaneous equa-
tions bias. The conventional response to this argument is to suppose
that the farm household maximizes expected profit, rather than
actual profit.' Second, it is argued that farms in a given region are
subject to the same climatic and other influences, and hence their
stochastic disturbance terms will be correlated. This implies that
ordinary least squares will not in general be efficient, but will,
under the standard assumptions, be unbiased and consistent. In
this study, we have not experimented with alternative estimators of
the production [unction parameters. The results therefore may be
sensitive to the above criticisms. The profit function analysis in
Chapter 6, however, is immune from the simultaneous equations
bias problem and indicates the robustness of the substantive
findings.

As pointed out earlier, we use a Cobb-Douglas production func-
tion and maintain the hypotheses that, first, all the physical inputs
of production should be included in the production function, and,
second, education and the characteristic variables affect the pro-
duction function in a neutral manner. Since the primary focus of
this study is on the effects of education and the characteristic
variables on the production function, we are concerned about possi-
ble sensitivity of the estimates to the choice of characteristic vari-
ables included in a particular specification of the production func-
tion. In order to assess the degree of robustness of the estimated
effects of education and other characteristics, we have departed
from the traditional procedure of reporting regression results for
only one or a few selected specifications. Instead, we have run
regressions of alternative specifications representing all possible
distinct combinations of the independent variables corresponding
to education, availability of agricultural extension, and other farm
characteristics. 2 In all these regressions, the quantities of the physi-
cal inputs of prciduction are always included as independent vari-
ables. Thus, for example, there will be one regression including an

1. See, for example, Zellner, Kmenta, and Dreze (1966).
2. The results are reported in technical annexes which, because of their bulk, are

not included in the published monograph. They are available from the authors on
request.
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education variable, another regression including education and age
variables, and another regression including only an age variable.

It is entirely possible, given this empirical procedure, that the
estimated effects may fluctuate all over, in both sign and magni-
tude, in which case we would be forced to conclude that the data are
insufficient to identify the effects of education and other character-
istic variables unambiguously, and we need to proceed no further.
Fortunately, as we shall see, the regression results are quite robust
to the choice of education and characteristic variables included in
the regression. Given the regression results on all the alternative
specifications, some choice needs to be made as to which ones
should be analyzed in depth. In principle, since the estimates are
rather robust, it does not matter which one is used. In practice, it is
preferable to choose a specification that in some sense provides a
best fit. For this purpose a brief discussion of measures of goodness
of fit is given below. A more technical discussion of these measures
is included as Appendix C.

This empirical procedure is superior to the traditional one of
comparing several specifications informally and then choosing and
reporting only one specification. With this procedure we know
whether a given estimated effect is likely to be sustained by another
researcher working with the same body of data, regardless of the
education and characteristic variables used. Thus, to the extent that
the estimated effects are robust, our confidence in them is corre-
spondingly increased.

Measures of goodness of fit

Consider a standard linear regression model,

v=X + E

where y is a vector of observations on the dependent variable, X is a
fixed matrix of observations on the independent variables with full
rank, and E is a vector of stochastic disturbances with expectation
equal to zero and variance-covariance matrix equal to cr2I. Un-
der these assumptions, the ordinary least-squares estimator
(X'X)- 1X'y is the unique, minimum variance, linear, and unbiased
estimator of 1.

In general, however, we do not know whether the set of indepen-
dent variables contained in the matrix X is the correct one. Very
often, there will be more than one set of independent variables that
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seems equally plausible. One way to compare these different spec-
ifications is to use a summary statistic that provides a scalar mea-
sure of the degree to which the variations in the independent vari-
ables explain the variations in the dependent variable. In general
the higher the value of the summary statistic, the better, in some
sense, is the regression. Many such summary statistics are avail-
able. In this study three such summary statistics are used: the
coefficient of multiple determination, R2; the coefficient of multiple
determination, adjusted fqr the degrees of freedom, k2; and the
prediction criterion, R *2 .ilhe last criterion is due to Amemiya
(1980).

The summary statistic R2 is probably the most well known mea-
sure of the goodness of fit of a regression. It is defined as the propor-
tion of the total sum of squares of the dependent variable around its
mean that is explained by the regression. It is measured by the
formula

R2 = I - [e 'el(y - -y)' (y - y)]

where e is the vector of residuals from the regression, y is the vector
of independent variables, andy is a vector of units times the average
value of the dependent variable. 3 The difficulty with using R2 as a
summary statistic for comparing regressions is that it can be in-
creased by simply adding more independent variables.

The summary statistic R2 is proposed by Theil (1961) as a crite-
rion for choosing between two competing regression models. fi2 is
referred to as the coefficient of multiple determination adjusted for
degrees of freedom. R2 can decrease if the additional independent
variable does not increase the goodness of fit substantially. Thus, it
offers some protection against choosing a regression that includes
indiscriminately a large number of independent variables.

The summary statistic R*2 is proposed by Amemiya and is based
on minimizing the unconditional mean square error of prediction.
R*2 is even more conservative in guarding against the increase in
the number of included independent variables than is R2 . Appen-
dix C discusses the theoretical basis for using each of the summary
statistics.

3. R2 may become negative if the regression does not include a vector of units as an
independent variable.
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Empirical implementation

One frequent problem that arises in this kind of exploratory study
is that the empirical results may be very sensitive to the particular
regression that happens to be run and reported. In this study we
protect against the possibility of statistical accidents by running
regressions for every possible combination of education and charac-
teristic variables, such as education, age, sex, availability of agri-
cultural extension, and availability of credit, and so forth. We main-
tain, however, that the independent variables indicated by eco-
nomic theory, such as quantities of inputs or prices of inputs, and
locational dummy variables, are always part of the regression
model. The resulting estimates are, on the whole, quite consistent
across the regressions, which suggests that our conclusions are
likely to be quite robust. It may be argued, quite justifiably, that in
running all the regressions on the same body of data, we have in fact
used up the degrees of freedom that we have, or at any rate we
should alter the levels of significance used for the test statistics.
Although we are not unconcerned about this problem, the fact that
the results all seem to point in one direction is certainly reassuring.
In addition, we consider this study partly also as a device to gener-
ate hypotheses to be examined in our more extensive surveys of the
effect of education in the agricultural economy of Nepal and Thai-
land that are being currently conducted. In any case, our procedure
is superior to the more conventional one of simply reporting one or
several regressions selected from the many attempted.

Estimates of Production Functions

To facilitate the discussion of the results we have constructed
summary tables of the best-fitting regressions. There is of course no
general agreement about the definition of a best fit. The commonly
used criterion of R2 can always be increased simply by increasing
the number of independent variables. The choice between the other
two criteria, R2 and R*2, is also not clear-cut. We do not wish to
emphasize one criterion over another arbitrarily. Thus the sum-
mary of the regression results presents the three regressions that
maximize, respectively, the R2, R2, and R*2 criteria. In addition, we
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present for each coefficient the minimum and maximum estimates
that are found in the regressions. Finally, we also present for each
coefficient the value of the estimate that has the highest absolute
value of the t ratio in the regressions. It is hoped that the summary
will provide an adequate picture of the robustness of the empirical
findings. The interested reader is encouraged to examine the tech-
nical annexes (see note 2 above).

Thai farms

As discussed in Chapter 4, the Thai farms are classified into two
groups: the 91 farms that used chemical inputs and the 184 farms
that did not. The regression results for each group of farms will be
discussed separately.

The regression results for the chemical farms are summarized in
Table 5-1. The first column of the table contains the values of the
minimum estimates of the particular parameters for all the regres-
sions. The second column contains the values of the maximum
estimates of the particular parameters for all the regressions. Thus,
between the first and second columns lie all the estimated values
that have been found for any particular parameter in any one of the
regressions. Altogether 160 regressions, representing all possible
distinct combinations of independent variables, have been run for
each group of farms. If the minimum value and the maximum value
of the estimates of any particular parameter are fairly close
together, it implies that the estimate for that parameter is rather
robust, that is, it does not depend on the choice of a particular
specification.

The third column contains the regression with the highest R2 . The
fourth column contains the regression with the highest R2 , that is,
R 2 adjusted for the degrees of freedom. The fifth column contains
the regression with the highest R*2, which is a further adjustment of
the R2. The sixth column contains the individual estimates of the
parameters with the highest absolute value of the t ratio among all
the regressions.

Several observations can be made about chemical farms from the
data in Table 5-1. First, the estimates for the labor elasticity range
from 0.22 to 0.41, indicating a substantial variability. For the best-
fitting regressions, however, the range is narrowed to between 0.28
and 0.30. The estimates for the land elasticity range from 0.39 to
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0.58, again reflecting a substantial variability. For the best-fitting
regressions, however, the range is narrowed to between 0.50 and
0.52. The estimates for the chemical inputs and capital elasticities
do not seem to be very stable and are always statistically insig-
nificant. This may be due partly to multicollinearity among the
various inputs of production. The estimates of the coefficients corre-
sponding to the regional dummy variables appear to be quite robust
across regressions.

The effects of the education variables, however, are the primary
concerns of this study. The maximum education of either head of
household has a positive and statistically significant effect of ap-
proximately 3 percent a year. If the formal education of the head of
household variable is introduced in the form of the dummy variable
ES (= 1 if some formal education; 0 otherwise), the estimated
effects range from a low of 10 percent to a high of 21 percent. These
estimated effects, however, are not always statistically significant.
If the formal education variable is introduced in the form of dummy
variables E2 (less than 4 years), E3 (4 years), and E4 (more than 4
years), the precision of the estimates deteriorates, although the
magnitudes of the estimates remain positively related to the level of
education, as expected. What is most surprising is that the availa-
bility of agricultural extension services always has a negative,
although not statistically significant, effect.4

There is a possible explanation of the negative effect of agricul-
tural extension services on the productivity of chemical farms. On
the one hand, if a farm voluntarily chose to use chemical inputs in
the absence of agricultural extension service, the head of the farm
probably knew what he or she was doing. On the other hand, the
agricultural extension service might have prematurely coaxed
some farmers into adopting chemical inputs, whether they were
ready or not. Overall then, a negative correlation between output
and availability of agricultural extension service may be expected,

4. Agricultural extensionservices are available in villages 2,6,7,8, 9, 1 1 ,12,13,14,
16, and 22. The variable used in the regression analysis to represent agricultural
extension is only an indicator variable, indicating whether it is available in a given
locality. The nature of the agricultural extension activity varies substantially even
within the same region of a country. Such factors as organization, prior training of
personnel, availability of other services, and budget all determine the effectiveness of
agricultural extension. Thus, our findings here with respect to agricultural extension
should be regarded as tentative and based on a very crude measure of its availability.



Table 5-1. Regressions of Production Functions for Thai Chemical Farms
(sample = 91)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 R2 R*2 with highest

variable estimate estimate (0.804) (0.778) (0.755) t ratio

Labor 0.217 0.409 0.300 0.297 0.278 0.408
00 (2.112) (4.458) (2.690) (2.798) (2.652) (4.471)

Chemical inputs -0.009 0.111 0.081 0.080 0.073 0.111
(-0.118) (1.442) (0.952) (1.019) (0.933) (1.442)

Capital -0.016 0.049 0.026 0.037 0.027 0.022
(-0.308) (0.902) (0.440) (0.681) (0.497) (0.984)

Land 0.390 0.577 0.503 0.512 0.517 0.573
(4.446) (6.353) (5.212) (5.539) (5.592) (6.358)

Region 1 5.301 5.744 5.372 5.416 5.471 5.617
(12.81) (15.54) (12.94) (17.10) (17.46) (18.03)

Region 2 5.029 5.527 5.138 5.187 5.262 5.343
(11.83) (14.38) (11.99) (16.49) (17.10) (17.16)

Region 3 5.204 5.725 5.294 5.332 5.373 5.456
(14.36) (14.93) (13.24) (17.64) (17.88) (17.96)

Region 4 5.470 5.828 5.515 5.548 5.583 5.703
(13.54) (15.08) (13.57) (16.51) (16.66) (16.93)



A5 (education of head of house- 0.022 0.042 _ 0.026 0.031 0.042
hold) (years) (1.194) (2.830) (1.683) (2.098) (2.830)

A6 (average education) -0.004 0.036 - - - 0.036
(years) (-0.137) (1.506) (1.516)

E2 (education, 0.030 0.134 0.030 - - 0.134
0 < AS <4) (0.208) (0.935) (0.208) (0.935)

E3 (education, 0.122 0.210 0.124 - - 0.210
AS = 4) (1.256) (2.383) (1.341) (2.383)

E4 (education, 0.271 0.447 0.280 - - 0.443
AS > 4) (1.280) (2.246) (1.549) (2.639)

ES (education, 0.095 0.215 - - - 0.215
A5 > 0) (0.931) (2.495) (2.495)

EXT (I if extension services -0.139 -0.011 -0.096 -0.123 - -0.138
available; 0 otherwise) (-1.700) (-0.133) (-1.116) (-1.527) (-1.708)

A7 (age of head of household) -0.004 0.001 - - - -0.004
(years) (-1.441) (1.183) (-1.441)

CR (I if credit taken or -0.131 0.224 0.010 - -0.130
available; 0 otherwise) (-1.420) (0.227) (0.104) (-1.429)

HM (I if male; 0 if female) -0.144 0.182 0.076 - - 0.176
(-0.558) (0.695) (0.284) (0.695)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.



110 EMPIRICAL ANALYSIS

given that a farm has chosen to use chemical inputs. This negative
effect from premature adoption may confound any true positive
effect to yield a negative and statistically insignificant estimate.

Findings of no statistically significant effect of specific character-
istic variables are also of interest. The maximum age of either head
of household does not seem to matter. Nor does the sex of the head of
household. Of greater interest is the fact that the average level of
education, in years, of all adults on the farm between 17 and 60
years of age does not seem to make a difference. This suggests that it
is the educational level of the manager of the farm that is important,
rather than the educational level of the work force. Finally, the
availability of agricultural credit for the farm household does not
seem to have any statistically significant direct effect on the produc-
tivity of the household.

The effects of some of the characteristic variables such as educa-
tion and age may be nonlinear, and there may be interaction effects
between education and age, education and agricultural extension,
or age and agricultural extension. To test these possibilities, addi-
tional regressions with such nonlinear and interaction effects were
also run. The results of the regressions are summarized in Table 5-2
in the same format as in Table 5-1.

First, Table 5-2 shows that neither age nor education has statisti-
cally significant nonlinear effects. Second, there is some evidence of
interaction between education and extension. The maximum
education of the head of household variable (A5) had a statistically
significant effect only in the absence of agricultural extension.
Several hypotheses may be consistent with this finding, including
the hypothesis that agricultural extension tends to narrow the dif-
ferences in the level of practices among farms. In any case, there is
evidence that the availability of agricultural extension has a nega-
tive and occasionally statistically significant effect on productivity,
consistent with the results in Table 5-1. Third, there is also some
evidence of interaction between age and extension. The availability
of agricultural extension seems to mitigate against the negative
effect that the age of the head of household may have on agricultural
productivity.

The regression results of the nonchemical farms are summarized
in Table 5-3. Several observations can be made from the data in the
table. First, the estimates of the production elasticities for labor and
land are quite robust. The estimates for the labor elasticity range
from 0.25 to 0.28, a much narrower spread than that of the chemical
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farms. The two labor elasticities are of comparable magnitude,
however. The estimates for the land elasticity range from 0.58 to
0.64-again, a much narrower spread than that of the chemical
farms. The land elasticity estimates for the nonchemical farms are
on the whole higher than those for the chemical farms. Both of these
estimates are statistically significant and have the correct signs.
They also do not differ appreciably among the regressions that
maximize R2, R2, and R 2. (The latter two regressions are actually
the same one.) The estimates for the capital elasticity, however,
range from a very small negative number, -0.00 to 0.02. In any case
they are small and always statistically insignificant. The estimates
of the parameters corresponding to the regional dummy variables
are also quite robust for all the different regressions.

As for the effect of the educational variables, the maximum
education of either head of the household has a substantial and
statistically significant positive effect. Roughly speaking, each
additional year of education for the head of household adds approx-
imately 2.5 percent to the output, other things being equal, which is
comparable to the corresponding effect on chemical farms. If the
formal education of the head of the hiousehold variable is intro-
duced in the form of the dummy variable, E5, the estimated effects
range from a low of more than 7 percent to a high of less than 13
percent. As in the case of the chemical farms, they are not always
statistically significant. Given that the heads of households in the
sample had an average of more than four years of formal education,
the magnitudes of these estimated effects are quite consistent with
the effects measured through the A5 variable. If the variable for the
formal education of the head of household is introduced in the form
of dummy variables E2 (less than 4 years), E3 (4 years), and E4
(more than 4 years), it is found that 4 years of education have a
positive and statistically significant effect of approximately 10 per-
cent on output, other things being equal. This amounts to 2.5 per-
cent a year, which is comparable to the estimates of the coefficient
on A5. The effect is correspondingly reduced for less schooling and
is correspondingly enhanced for more schooling. The estimates of
the coefficients for E2 and E4 are not, however, statistically signifi-
cant although they do have the expected signs and relative magni-
tudes.

The availability of agricultural extension services also has a sub-
stantial (8.5 percent) and statistically significant positive effect on
output. The range of alternative estimates is quite narrow, between



Table 5-2. Regressions of Production Functions with Interactions for Thai Chemical Farms
(sample = 91)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 B2 R*2 with highest

variable estimate estimate (0.816) (0.782) (0.753) t ratio

Labor 0.190 0.295 0.271 0.271 0.238 0.294
(1.778) (2.755) (2.508) (2.508) (2.225) (2.779)

Chemical inputs 0.076 0.133 0.113 0.113 0.087 0.133
(0.945) (1.681) (1.401) (1.401) (1.099) (1.681)

Capital 0.002 0.041 0.002 0.002 0.013 0.041
(0.034) (0.742) (0.040) (0.040) (0.249) (0.742)

Land 0.505 0.571 0.506 0.506 0.520 0.571
NJ (5.446) (6.284) (5.526) (5.526) (5.656) (6.284)

Region 1 4.048 5.885 5.446 5.446 4.468 5.380
(5.068) (6.535) (5.695) (5.695) (6.624) (16.61)

Region 2 3.868 5.671 5.270 5.270 4.304 5.163
(4.906) (6.281) (5.557) (5.557) (6.591) (16.10)

Region 3 3.935 5.793 5.385 5.385 4.379 5.304
(4.919) (6.376) (5.634) (5.634) (6.606) (17.29)

Region 4 4.157 6.025 5.597 5.597 4.596 5.510
(5.147) (6.658) (5.847) (5.847) (6.801) (16.14)

A5 (education of head of house- 0.021 0.040 0.023 0.023 0.036 0.035
hold) (years) (1.234) (0.752) (1.318) (1.318) (2.191) (2.191)

A7 (age of head of household) 0.001 0.055 - - 0.044 0.055
(years) (0.230) (1.962) (1.745) (1.962)

A7
2

-0.001 -0.004 - - -0.001 -0.001
(-1.737) (-1.685) (-1.737) (-1.737)



EXT (I if extension services -2.239 -0.472 -1.918 -1.918 - -0.587
available; 0 otherwise) (-1.773) (-1.542) (-1.498) (-1.498) (-2.007)

A5EXI 0.015 0.015 - - - 0.015
(0.718) (0.718) (0.718)

A5EXO 0.036 0.036 - - - 0.036
(2.316) (2.316) (2.316)

A6EXI 0.004 0.019 - - - 0.019
(0.154) (0.772) (0.772)

A6EXO 0.025 0.048 - - - 0.048
(0.756) (0.772) (0.772)

A7EXI -0.002 0.073 0.073 0.073 - 0.073
(-0.829) (2.079) (2.079) (2.079) (2.079)

A7EXO -0.007 0.045 0.008 0.008 - 0.045
(-1.583) (1.779) (0.240) (0.240) (1.779)

A7SEJ -0.001 -0.000 -0.001 -0.001 - -0.001
w (-2.000) (-1.027) (-2.000) (-2.000) (-2.000)

A7SEO -0.000 -0.000 -0.000 -0.000 - -0.000
(-1.868) (-0.140) (-0.385) (-0.385) (-1.868)

A7A5 -0.002 -0.000 - - - -0.002
(-1.033) (-0.160) (-1.033)

A52 -0.003 -0.000 - - - -0.003
(-0.748) (-0.044) (-0.748)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.



Table 5-3. Regressionzs of Prodtuction Funtctionis for Thtai Nonchemzical Farms
(sample = 184)

Maximrim Maximun Maximum Estimate
Independeni Mini,nmu Maximum R2 R2 R*2 with highest

variable estimate estimate (0.824; (0.813) (0.804) t ratio

Labor 0.253 0.282 0.260 0.265 0.265 0.282
(4.956) (5.793) (5.338) (5.523) (5.523) (5.793)

Capital -0.001 0.019 0.013 0.012 0.012 0.019
(-0.027) (0.591) (0.407) (0.383) (0.383) (0.591)

Land 0.576 0.644 0.604 0.598 0.598 0.641
(11.67) (12.23) (12.13) (12.22) (12.22) (12.33)

Region 1 5.413 5.867 5.413 5.691 5.691 5.741
(17.32) (29.24) (17.32) (30.69) (30.69) (30.81)

Region 2 5.176 5.630 5.176 5A459 5.459 5.503
(16.45) (28.42) (16.45) (29.88) (29.88) (29.94)

Region 3 5.288 5.762 5.288 5.575 5.575 5.595
(16.45) (28.42) (16.45) (29.01) (29.01) (29.01)

Region 4 5.211 5.664 5.211 5.494 5.494 5.494
(16.43) (27.51) (16.43) (29.35) (29.35) (29.35)



A5 (education of head of house- 0.020 0.031 - 0.024 0.024 0.031
hold) (years) (1.271) (2.678) (2.268) (2.268) (2.678)

A6 (average education) 0.001 0.019 - - - 0.019
(years) (0.046) (1.185) (1.185)

E2 (education, 0.059 0.097 0.066 - - 0.096
0 < A5 < 4) (0.760) (1.170) (0.909) (1.229)

E3 (education, 0.885 0.137 0.108 - - 0.130
A5 = 4) (1.278) (1.990) (2.316) (2.592)

E4 (education, 0.091 0.136 0.132 - - 0.131
AS > 4) (0.517) (0.802) (0.856) (0.852)

ES (education, 0.077 0.126 - - - 0.126
A5 > 0) (1.219) (2.562) (2.562)

EXT (1 if extension services 0.082 0.106 0.086 0.085 0.085 0.106
available; 0 otherwise) (2.124) (2.635) (2.201) (2.222) (2.222) (2.635)

A7 (age of head of household) -0.003 0.001 - - - -0.003
(years) (-1.729) (0.398) (-1.737)

CR (1 if credit taken or 0.001 0.064 0.020 - - 0.062
available; 0 otherwise) (0.030) (1.325) (0-467) (1.341)

HM (I if male; 0 if female) 0.029 0.269 0.269 - - 0.269
(0.105) (1.052) (1.052) (1.052)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-A.
- Not applicable.
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8.2 and 10.6 percent. This is in direct contrast to the case of the
chemical farms, in which the availability of agricultural extension
has a consistently negative, although not statistically significant,
effect. Unfortunately, the data do not indicate the kind of agricul-
tural extension service available. Thus, a more detailed analysis of
the relation between agricultural extension activities and agri-
cultural productivity will have to await the results of a follow-up
study in which the agricultural extension practices are more closely
examined.

As in the case of chemical farms, neither average education, nor
age of the head of household, nor sex, nor availability of agricultural
credit seem to have a statistically significant effect on the agricul-
tural productivity of the nonchemical farms.

There may be possible nonlinear and interaction effects of the
characteristic variables for nonchemical farms. The interaction
regressions are summarized in Table 5-4. As in the case of the
chemical farms, no significant nonlinear effects can be found for age
and education. In addition, none of the best-fitting regressions have
statistically significant interaction effects. There is some evidence,
however, that the availability of agricultural extension enhances
the effect of education on agricultural productivity. With agricul-
tural extension, 1 year of schooling is worth approximately a statis-
tically significant 3.2 percent. Without agricultural extension, 1
year of schooling is worth approximately a statistically insignifi-
cant 1.5 percent. None of the other interaction effects are statisti-
cally significant. Finally, the estimates of the labor and land elas-
ticities and the coefficients of the regional dummy variables remain
rather stable, despite the introduction of the interaction variables.

Korean farms

As discussed in Chapter 4 the Korean farms are also classified into
two groups-the 1,363 farms that used mechanical power and the
541 farms that did not. The two groups of farms are analyzed
separately.

In this Korean sample two alternative average education vari-
ables are used: A6, which is the average number of years of educa-
tion of all farm household members 17 to 60 years old; and A6*,
which is the average number of years of education of all farm
household members 17 to 60 years old other than the head of the
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household. Thus, A6* attempts to measure the quality of the work
force as distinct from the quality of the manager.

In the empirical analysis of the Korean farms we follow the same
procedure used in the analysis of the Thai farms. As before, we run
regressions of the production function [or all distinct combinations
of the education and characteristic variables. The regressions for
the mechanical farms with the average education variable A6 are
summarized in Table 5-5. All the production elasticities of the
mechanical farms, except for the elasticity of capital, are statisti-
cally significant and have the correct expected signs. Moreover, the
statistically significant elasticity estimates vary little across the
regressions. The difference between the maximum and minimum
estimates of the land elasticity is less than 10 percent. The differ-
ences between the maximum and the minimum estimates of the
elasticities of the other inputs-labor, animal power, and mechan-
ical power-are even smaller. We conclude that these estimates of
the elasticities are quite robust with respect to the alternative
specifications of the characteristic variables. The returns to scale
parameters may be computed, using the maximum R*2 regression,
to be 0.88, indicating slightly decreasing returns.5

We next examine the effects of the education variables. The
education of the head of household variable (A5) does not figure in
the best-fitting regressions. It is, however, statistically quite signifi-
cant in some regressions, with an estimated effect of up to 1.4
percent a year. The average education variable (A6) is featured in all
three best-fitting regressions. It is consistently statistically signifi-
cant and has the correct positive sign. Its estimated effect ranges
from 2.2 to 3.1 percent a year. When the education of the head of
household variable is disaggregated into the dummy variables E2
(more than 0 but less than 6 years), E3 (exactly 6 years), and E4
(more than 6 years), it is occasionally statistically significant with
the correct signs, and the estimated effects show the expected pat-
tern of increases with increasing education.

Of the characteristic variables, only the dummy variable for the
sex of the head of household, HM (1 if male, 0 otherwise), has a
statistically significant estimated effect. Moreover, the effect is

5. The statistically insignificant and negative estimated capital elasticity is
ignored in this computation.



Tablc 5-4. Regressions of Production Functions with Interactions for Thai Nonchemical Farms
(sample 184)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 R2 R*2 with highest

variable estimate estimate (0.825) (0.813) (0.803) t ratio

Labor 0.253 0.278 0.254 0.260 0.260 0.278
(5.179) (5.782) (5.222) (5.408) (5.408) (5.782)

Capital 0.011 0.017 0.013 0.012 0.012 0.017
(0.347) (0.528) (0.433) (0.394) (0.394) (0.528)

Land 0.580 0.612 0.608 0.605 0.605 0.612
(11.78) (12.29) (12.21) (12.24) (12.24) (12.29)

Region 1 5.521 5.960 5.888 5.763 5.763 5.699
(9.173) (28.03) (15.56) (25.91) (25.91) (30.51)

Region 2 5.279 5.722 5.652 5.532 5.532 5.468
(8.808) (27.17) (14.89) (25.32) (25.32) (29.69)

Region 3 5.418 5.833 5.767 5.644 5.644 5.595
(8.999) (26.55) (14.88) (24.91) (24.91) (28.95)

Region 4 5.305 5.758 5.688 5.569 5.569 5.495
(8.743) (26.38) (14.99) (24.70) (24.70) (29.12)

A5 (education of head of house- -0.033 0.027 0.020 0.022 0.022 0.023
hold) (years) (-0.316) (0.945) (1.372) (1.553) (1.553) (1.963)

A7 (age of head of household) -0.002 0.010 - - - 0.010
(years) (-0.477) (0.949) (0.949)

A72 -0.000 -0.000 - - - -0.000
(-1.183) (-0.715) (-1.183)



EXT (I if extension services -0.483 -0.092 -0.483 - - -0.483
available; 0 otherwise) (-0.983) (-0.635) (-0.984) (-0.984)

A5EXI 0.032 0.032 - - - 0.032
(2.695) (2.695) (2.695)

ASEXO 0.016 0.016 - - - 0.016
(1.291) (1.291) - (1.291)

A6EX1 0.004 0.019 - 0.019
(0.154) 10.772) (0.772)

A6EXO 0.025 0.048 - - - 0.048
(0.756) (1.873) (1.873)

A7EXI -0.001 0.017 0.016 0.001 0.001 0.017
(-0.911) (1.199) (1.095) (0.322) (0.322) (1.199)

A7EXO -0.004 0.007 -0.004 -0.001 -0.001 0.007
(-0.307) (0.701) (-0.307) (-0.647) (-0.647) (0.701)

A7SEI -0.000 -0.000 -0.000 - -0.000
(-1.241) (-0.453) (-0.989) (-1.241)

A7SEO -0.000 0.000 0.000 - -0.000
(-1.059) (0.141) (0.141) (-1.059)

A7A5 -0.000 0.001 - 0.001
(-0.055) (0.552) (0.552)

A52 -0.001 -0.001 - - - -0.001
(-0.267) (-0.271) (-0.271)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.



Table 5-5. Regressions of Production Functions for Korean Mechanical Farms,
with Education Measured by the Household Average
(sample = 1,363)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 K-2 R*2 of highest

variable estimate estimate (0.669) (0.665) (0.660) t ratio

Land 0.128 0.135 0.128 0.128 0.130 0.135
(10.01) (10.62) (10.05) (10.11) (10.24) (10.62)

Capital -0.006 0.003 -0.005 -0.004 -0.004 -0.006
(-0.526) (0.323) (-0.473) (-0.412) (-0.415) (-0.526)

Labor 0.352 0.368 0.354 0.353 0.355 0.367
(12.46) (13.21) (12.58) (12.58) (12.65) (13.25)

Animal power 0.084 0.086 0.085 0.085 0.085 0.086
(5.577) (5.711) (5.667) (5.683) (5.665) (5.720)

Mechanical power 0.104 0.108 0.106 0.106 0.104 0.108
(7.933) (8.219) (8.067) (8.080) (8.000) (8.219)

Fertilizer 0.205 0.210 0.206 0.206 0.206 0.210
(13.39) (13.71) (13.49) (13.53) (13.51) (13.73)

Region 1 6.404 6.531 6.496 6.531 6.536 6.531
(30.21) (32.19) (30.81) (32.19) (32.16) (32.19)

Region 2 6.003 6.122 6.087 6.122 6.122 6.122
(27.21) (28.93) (27.78) (28.93) (28.91) (28.93)

Region 3 6.221 6.336 6.299 6.335 6.334 6.336
(29.48) (31.44) (30.03) (31.50) (31.48) (31.44)

Region 4 6.395 6.522 6.488 6.522 6.516 6.522
(30.78) (32.76) (31.36) (32.76) (32.72) (32.76)

Region 5 6.103 6.237 6.200 6.237 6.231 6.237
(29.15) (31.17) (29.73) (31.17) (31.14) (31.17)



Region 6 6.202 6.336 6.300 6.336 6.328 6.336
(29.32) (31.30) (29.91) (31.30) (31.26) (31.30)

Region 7 5.991 6.121 6.085 6.121 6.116 6.121
(29.03) (31.03) (29.59) (31.03) (30.99) (31.03)

Region 8 5.950 6.074 6.037 6.074 6.073 6.074
(28.89) (30.97) (29.46) (30.97) (30.96) (30.97)

Region 9 5.787 5.935 5.900 5.935 5.926 5.935
(27.09) (28.89) (27.69) (28.89) (28.85) (28.89)

AS (education of head of house- -0.009 0.014 -0.007 -0.009 - 0.014
hold) (years) (-1.497) (2.925) (-0.989) (-1.497) (2.925)

A6 (average education) 0.022 0.031 0.030 0.031 0.022 0.026
(years) (4.224) (3.992) (3.851) (3.992) (4.224) (4.665)

A7 (age of head of household) -0.000 0.002 0.001 - - 0.002
(years) (-0.287) (1.457) (0.619) (1.457)

E2 (education, -0.006 0.074 - - - 0.074
0 < A5 < 4) (-0.129) (1.709) (1.709)

E3 (education, -0.037 0.119 - - - 0.119
AS = 4) (-0.733) (2.607) (2.607)

E4 (education, -0.073 0.166 - - - 0.166
A5 > 4) (-1.085) (3.031) (3.031)

HM (I if male; 0 if female) 0.082 0.111 0.101 0.104 0.091 0.111
(1.915) (2.716) (2.414) (2.482) (2.216) (2.716)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-7.
- Not applicable.
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positive and quite substantial: on average, the output of a me-
chanical farm is enhanced by between 9 and 10 percent if the head
of household is male rather than female. The precise reason for this
phenomenon is not known, although certain special skill or strength
requirements may be associated with the use of mechanical power.
The finding is quite robust across regressions and cannot be ex-
plained away as a statistical happenstance.

To better isolate the effect of education of the head of household
on agricultural productivity, the same set of regressions was rerun
but with the average education variable A6 replaced by A6*, which
is the average number of years of schooling of all adult household
members other than the head of household. These regressions are
summarized in Table 5-6. The average education variable (as repre-
sented by A6*) continues to be statistically highly significant. Its
estimated effect now lies within the much narrower range of be-
tween 2.0 to 2.2 percent a year. The education of the head of house-
hold variable is occasionally statistically significant, whether rep-
resented by AS or by E2, E3, and E4, but not always so. It does have
the correct expected signs. For the mechanical farms, one cannot,
on the basis of the regression results summarized in Table 5-6,
reject the possibility that education of the head of household may
enhance productivity. Although this is not a very strong conclusion,
it is consistent with the expectation that mechanical farms may
benefit more from a high level of managerial ability of the head of
household, which in turn depends on his or her education. Thus,
education of the head of household should be expected to have a
greater effect on mechanical farms than on nonmechanical farms;
that is, if there were to be an effect at all. The sex dummy variable
continues to have a robust and statistically significant positive
effect.

The regressions for the nonmechanical farms with the average
education variable A6 are summarized in Table 5-7. All the produc-
tion elasticities are statistically significant and have the correct
expected signs. Their magnitudes are broadly comparable to the
corresponding estimates for the mechanical farms, although, of
course, in this case there is no estimate for the mechanical power
elasticity. The returns to scale parameter may be computed, using
the maximum R*2 regression, to be 0.78, indicating an even more
sharply decreasing returns to scale than in the case of the mechan-
ical farms.
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As for the effects of the education and characteristic variables,
only those of the education variables are statistically significant.
The sex of the head of household variable, in contrast to the case of
mechanical farms, does not have a statistically significant effect.
However, it also appears that the education of the head of house-
hold affects the output of the nonmechanical farm negatively, to the
extent of -2.5 percent per year of education, contrary to our ex-
pectation. This negative effect is borne out when A5 is disaggre-
gated into E2, E3, and E4 educational dummy variables, with E3
representing exactly 6 years of education. The effects remain nega-
tive and increasing in absolute magnitude with more and more
education. In some regressions, the dummy variable E4, more than
6 years of education, has an almost statistically significant negative
coefficient. In contrast, the average education variable is consis-
tently statistically significant and has the expected positive sign. Its
value ranges between 2.5 and 5.1 percent per year of average educa-
tion, which is comparable to that of the mechanical farms. In the
best-fitting regressions, its value ranges between 4.8 and 5.1 per-
cent, higher than the corresponding estimates for the mechanical
farms.

To complete this analysis, the same set of regressions was rerun
but with the average education variable A6 replaced by A6*. These
regressions are summarized in Table 5-8. The most interesting (and
the only noteworthy) difference between Tables 5-7 and 5-8 is that
the education of the head of household variable A5 is no longer
statistically significant in any one of the regressions. The average
education variable, however, remains positive and statistically sig-
nificant. Its value, as in the case of the mechanical farms, becomes
much less variable across regressions and fluctuates within a nar-
row range between 2.2 and 2.3 percent a year, comparable to the
corresponding estimates for mechanical farms. This finding is con-
sistent with the hypothesis that in Korea the education of the head
of household does not matter for nonmechanical farms; only aver-
age education matters. And the reason a statistically significant
negative effect is found for the education of the head of household
variable in Table 5-7 is that it is incorrectly included in the A6
variable. Hence, to compensate for the inclusion, the A5 variable
picks up a negative coefficient. When A6 is replaced by A6*, A5 is no
longer included in the average education variable, and hence no
compensation is necessary. We conclude that only the average



Table 5-6. Regressions of Production Functions for Korean Mechanical Farms,
with Education Measured by the Household Average, Excluding the Head of the Household
(sample = 1,363)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 o2 R*2 of highest

variable estimate estimate (0.670) (0.666) (0.662) t ratio

Land 0.128 0.135 0.128 0.129 0.129 0.135
(10.04) (10.62) (10.09) (10.20) (10.20) (10.62)

Capital -0.005 0.003 -0.005 -0.004 -0.003 -0.005
(-0.487) (0.323) (-0.462) (-0.395) (-0.325) (-0.487)

Labor 0.352 0.368 0.350 0.349 0.347 0.368
(12.46) (13.21) (12.38) (12.44) (12.41) (13.21)

Animal power 0.084 0.086 0.085 0.085 0.085 0.087
(5.577) (5.711) (5.691) (5.681) (5.684) (5.760)

Mechanical power 0.102 0.108 0.104 0.104 0.104 0.108
(7.833) (8.219) (7.902) (7.926) (8.099) (8.219)

Fertilizer 0.205 0.210 0.205 0.206 0.206 0.210
(13.43) (13.71) (13.43) (13.54) (13.59) (13.71)

Region 1 6.404 6.580 6.534 6.578 6.579 6.579
(30.21) (31.50) (30.82) (32.40) (32.40) (32.40)

Region 2 6.003 6.171 6.125 6.168 6.167 6.169
(27.21) (29.11) (27.80) (29.14) (29.13) (29.14)

Region 3 6.221 6.392 6.340 6.386 6.386 6.386
(29.48) (30.78) (30.08) (31.73) (31.73) (31.73)

Region 4 6.395 6.574 6.528 6.570 6.570 6.570
(30.78) (32.05) (31.39) (32.95) (32.96) (32.96)

Region 5 6.103 6.284 6.237 6.282 6.281 6.282
(29.15) (30.41) (29.77) (31.36) (31.36) (31.36)



Region 6 6.202 6.389 6.341 6.385 6.386 6.386
(29.32) (30.63) (29.93) (31.50) (31.51) (31.51)

Region 7 5.991 6.170 6.126 6.170 6.169 6.170
(29.03) (31.23) (29.65) (31.23) (31.23) (31.23)

Region 8 5.950 6.121 6.077 6.121 6.119 6.121
(28.89) (31.19) (29.50) (31.19) (31.18) (31.19)

Region 9 5.787 5.990 5.945 5.989 5.990 5.990
(27.09) (29.11) (27.73) (29.10) (29.11) (29.11)

A5 (education of head of house- 0.033 0.014 - 0.003 - 0.014
hold) (years) (0.810) (2.925) (0.810) (2.925)

A6* (average education) 0.020 0.022 0.020 0.021 0.022 0.022
(years) (4.452) (5.172) (4.457) (4.605) (4.974) (5.172)

A7 (age of head of household) -0.000 0.002 0.001 - - 0.002
(years) (-0.287) (1.457) (0.652) (1.457)

E2 (education, 0.029 0.074 0.032 - - 0.074
0 < AS < 4) (0.669) (1.709) (0.735) (1.709)

E3 (education, 0.033 0.119 0.047 - - 0.119
A5 4) (0.766) (2.607) (0.974) (2.607)

E4 (education, 0.048 0.166 0.067 - - 0.166
A5 > 4) (0.948) (3.031) (1.146) (3.031)

HM (I if male; 0 if female) 0.082 0.111 0.082 0.087 0.095 0.111
(1.915) (2.716) (1.929) (2.097) (2.326) (2.716)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-7.
- Not applicable.



Table 5-7. Regressions of Production Functions for Korean Nonmechanical Farmns,
with Education Measured by the Household Average
(sample = 541)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 R2 R*2 of highest

variable estimate estimate (0.623) (0.611) (0.599) t ratio

Land 0.112 0.130 0.113 0.112 0.114 0.130
(4.806) (5.645) (4.848) (4.806) (4.893) (5645)

Capital 0.043 0.060 0.044 0.045 0.045 0.060
(1.945) (2.802) (2.017) (2.034) (2.056) (2.802)

Labor 0.357 0.376 0.358 0.357 0.364 0.373
0, (8.439) (8.808) (8.365) (8.439) (8.681) (8.843)

Animal power 0.065 0.069 0.069 0.066 0.066 0.068
(2.123) (2.275) (2.270) (2.200) (2.191) (2.275)

Fertilizer 0.192 0.196 0.195 0.193 0.194 0.196
(8.420) (8.746) (8.623) (8.631) (8.689) (8.746)

Region 1 6.051 6.340 6.279 6.340 6.327 6.349
(15.82) (17.59) (16.32) (17.59) (17.55) (17.59)

Region 2 5.788 6.078 6.032 6.078 6.067 6.078
(15.10) (16.75) (15.60) (16.75) (16.72) (16.75)

Region 3 5.332 5.649 5.582 5.649 5.635 5.649
(14.09) (15.79) (14.63) (15.79) (15.75) (15.79)

Region 4 5.962 6.274 6.211 6.274 6.261 6.274
(15.50) (17.13) (16.01) (17.13) (17.09) (17.13)

Region 5 5.772 6.089 6.023 6.089 6.067 6.089
(15.28) (17.04) (15.81) (17.04) (16.98) (17.04)



Region 6 5.940 6.259 6.199 6.259 6.241 6.259
(15.72) (17.47) (16.23) (17.47) (17.42) (17.47)

Region 7 5.780 6.105 6.045 6.105 6.088 6.105
(15.59) (17.37) (16.12) (17.37) (17.33) (17.37)

Region 8 5.791 6.068 6.012 6.068 6.059 6.068
(15.59) (17.38) (16.10) (17.38) (17.35) (17.38)

Region 9 5.392 5.729 5.674 5.729 5.702 5.729
(13.87) (15.52) (14.42) (15.52) (15.47) (15.52)

A5 (education of head of house- -0.026 0.011 - -0.026 -0.022 0.026
hold) (years) (-2.344) (1.358) (-2.344) (-2.095) (-2.344)

A6 (average education) 0.025 0.051 0.048 0.051 0.050 0.051
(years) (2.762) (3.572) (3.422) (3.572) (3.467) (3.572)

A7 (age of head of household) 0.000 0.002 0.000 - - 0.002
(years) (0.117) (1.406) (0.117) (1.406)

E2 (education, -0.026 0.082 -0.026 - - 0.082
0 < A5 < 4) (-0.365) (1.260) (-0.352) (1.260)

E3 (education, -0.134 0.082 -0.130 - - -0.134
A5 = 4) (-1.602) (1.180) (-1.404) (-1.602)

E4 (education, -0.229 0.124 -0.222 - - -0.229
A5 > 4) (-1.915) (1.383) (-1.670) (-1.915)

HM (I if male; 0 if female) 0.045 0.083 0.076 0.083 - 0.083
(0.706) (1.266) (1.120) (1.266) (1.266)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-7.
- Not applicable.



Table 5-8. Regressions of Production Functions for Korean Nonmechanical Farms,
with Education Measured by the Household Average, Excluding the Head of the Household
(sample = 541)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 o2 R*2 of highest

variable estimate estimate (0.621) (0.608) (0.597) t ratio

Land 0.117 0.130 0.118 0.118 0.118 0.130
(5.026) (5.645) (5.055) (5.089) (5.089) (5.645)

Capital 0.047 0.060 0.048 0.049 0.049 0.060
(2.185) (2.802) (2.192) (2.237) (2.237) (2.802)

Labor 0.351 0.376 0.354 0.357 0.357 0.376
(8.231) (8.808) (8.177) (8.452) (8.452) (8.808)

Animal power 0.065 0.071 0.070 0.069 0.069 0.071
(2.123) (2.321) (2.313) (2.275) (2.275) (2.321)

Fertilizer 0.192 0.196 0.190 0.193 0.193 0.196
(8.420) (8.663) (8.405) (8.589) (8.589) (8.663)

Region 1 6.051 6.362 6.296 6.350 6.350 6.362
(15.82) (17.48) (16.16) (17.46) (17.46) (17.48)

Region 2 5.788 6.102 6.039 6.092 6.092 6.102
(15.10) (16.64) (15.43) (16.62) (16.62) (16.64)

Region 3 5.332 5.668 5.595 5.654 5.654 5.668
(14.09) (15.68) (14.45) (15.65) (15.65) (15.68)

Region 4 5.962 6.283 6.220 6.272 6.272 6.283
(15.50) (16.99) (15.82) (16.97) (16.97) (16.99)

Region 5 5.772 6.109 6.039 6.090 6.090 6.109
(15.28) (16.90) (15.62) (16.88) (16.88) (16.90)



Region 6 5.940 6.277 6.214 6.262 6.262 6.277
(15.72) (17.30) (16.03) (17.28) (17.28) (17.30)

Region 7 5.783 6.115 6.055 6.099 6.099 6.115
(15.59) (17.23) (15.92) (17.20) (17.20) (17.23)

Region 8 5.791 6.096 6.032 6.086 6.086 6.096
(15.59) (17.29) (15.93) (17.27) (17.27) (17.29)

Region 9 5.392 5.732 5.681 5.713 5.713 5.732
(13.87) (15.37) (14.25) (15.34) (15.34) (15.37)

A5 (education of head of house- -0.002 0.011 - - - 0.011

hold) (years) (-0.265) (1.358) (1.358)

A6* (average education) 0.022 0.024 0.023 0.023 0.023 0.023
(years) (2.648) (2.886) (2.796) (2.947) (2.947) (2.962)

A7 (age of head of household) 0.000 0.002 0.000 - - 0.002

(years) (0.189) (1.058) (0.189) (1.058)

E2 (education, 0.052 0.082 0.053 - - 0.824

'0 0 < AS < 4) (0.771) (1.260) (0.779) (1.260)

E3 (education, -0.000 0.082 0.001 - - 0.821

AS = 4) (-0.004) (1.180) (0.081) (1.180)
E4 (education, 0.005 0.124 0.014 - - 0.124

A5 > 4) (0.063) (1.383) (0.146) (1.383)
HM (I if male; 0 if female) 0.050 0.076 0.059 - - 0.076

(0.747) (1.185) (0.871) (1.185)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-7.
- Not applicable.
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education of the work force matters in Korean nonmechanical
farms.

One proposed explanation of why the education of the head of
household (as opposed to the average education of all adult mem-
bers of the household) does not appear to affect the productivity of
Korean farms is based on the hypothesis that the educated heads of
households had greater off-farm employment opportunities than
those who were uneducated. Thus, the argument goes, the educated
heads of households were likely to spend less of their time on their
farms and consequently had less of a discernible effect on farm
productivities. An examination of the data on nonfarm income for
our Korean sample reveals that among mechanical farms, those
with educated heads of households had an average off-farm income
(including side business receipts, nonagricultural wages, salaries,
rents and interest, gifts, and other income, but excluding agricultu-
ral wages) of 110,389 wons, whereas those with uneducated heads
had an average off-farm income of 47,312 wons. Among nonme-
chanical farms, however, those with educated heads of households
had an average off-farm income of 88,188 wons, compared with
74,286 wons for those with uneducated heads. These figures suggest
that although the off-farm opportunities were much greater for
educated than for uneducated heads of mechanical farm house-
holds, they did not differ significantly between educated and unedu-
cated heads of nonmechanical farm households. For mechanical
farms, the proposed explanation seems sufficient to account for the
absence of a strong positive observable effect of the education of the
heads of household on farm productivity. For nonmechanical
farms, however, the proposed explanation does not seem to be
sufficient, given that the off-farm employment opportunities
appeared to be the same for both educated and uneducated heads of
households. An alternative explanation will have to be sought.

It is of interest to compare the Korean results with the Thai
results. The two groups of farms that seem most comparable are the
Korean nonmechanical farms and the Thai chemical farms because
they have, aside from animal power, approximately the same set of
distinguished inputs. The relative magnitudes of the estimates of
the production elasticities of Korean farms, however, are quite
different from those of Thai farms. The estimated land elasticity of
Korean nonmechanical farms is between 0.12 and 0.14 and is only
one-third of the estimated labor elasticity, which ranges between
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0.35 and 0.37. In contrast, the estimated land elasticity for Thai
chemical farms is between 0.39 and 0.58 and is generally larger
than the estimated labor elasticity, which ranges between 0.22 and
0.41. The estimated fertilizer elasticity is also higher in Korea than
in Thailand. In addition, the estimated Korean production function
exhibits rather significant decreasing returns to scale, whereas the
estimated Thai production function exhibits constant or even
slightly increasing returns to scale.

Finally, the one significant contrast between the Korean non-
mechanical farms and the Thai chemical farms is in the effect of
education. For Korean nonmechanical farms, it is found that the
education of the head of household does not have a statistically
significant effect on productivity. Rather, it is the average educa-
tion of the adult household members 17 to 60 years old other than
the head of household that has a consistently statistically signifi-
cant positive effect. In contrast, for Thai chemical farms, the educa-
tion of the head of household has a statistically significant positive
effect on productivity, whereas average education of the adult
household members 17 to 60 years old never has a statistically
significant effect. We do not have a satisfactory explanation of these
opposite findings in the two countries, but the key may lie in the
different rice cultivation practices used, which possibly reflect the
different natural factor endowments of the two countries.

Malaysian farms

The Malaysian sample consists of farm households that all had
some experience in double cropping. As discussed in Chapter 4,
however, these farm households can be further classified into three
groups: those with 1 year of double-cropping experience, those with
2 years of double-cropping experience, and those with 3 or more
years of double-cropping experience.

The production function regressions results for Malaysian farms
are reported in Table 5-9. Regressions were run for the pooled
sample-regressions 1, 2, and 3. Two facts stand out immediately.
First, except for the capital elasticity, the production elasticities are
all statistically significant and have the correct signs. They are also
broadly comparable in order of magnitude to the production elas-
ticity estimates for Thai farms. Second, prior double-cropping ex-
perience has a strong and statistically significant negative effect on



Table 5-9. Regressions of Production Functions for Malaysian Farms

Equations

Within STR8
Within STR4 Within STR6 (3 or

(I year's (2 years' more years'
Independent experience) experience) experience)

variable 1 2 3 4 5 6

Constant 2.986 2.918 2.954 3.478 2.642 2.295

L Labor 0.305 0.307 0.308 0.162 0.358 0.381
(4.55) (4.606) (4.582) (1.464) (2.991) (3.334)

V Other variable inputs 0.075 0.075 0.082 0.010 0.039 0.142
(2.811) (2.802) (3.024) (0.219) (0.860) (3.108)

K Capital 0.019 0.023 0.011 0.043 0.062 -0.014
(0.652) (0.811) (0.381) (0.939) (1.139) (-0.283)

T Land 0.619 0.601 0.618 0.712 0.553 0.558
(9.332) (9.032) (9.289) (6.034) (4.850) (4.95)

Double-cropping dummy variables
STR6 2 years' experience -0.122 -0.103 -0.114 -

(-2.018) (-1.699) (1.858)
STR8 3 or more years' -0.264 -0.230 -0.257

experience (-4.482) (-3.799) (4.334)



Education dummy variables
LIT Literate - -0.109 -0.161 0.186 0.123 0.104

(1.614) (1.072) (1.424) (1.003) (1.007)
EDS Some primary, 1-3 years' - 0.071 0.025 0.212 0.151 -0.085

religious (1.139) (0.249) (1.813) (1.479) (-0.812)
EDL Finished primary, more - 0.186 0.064 0.397 0.065 0.178

than 3 years' religious (2.599) (0.612) (3.434) (0.550) (1.221)
EDA Attended adult class - 0.237 -0.379 0.333 -0.175 0.618

(1.733) (-0.789) (1.288) (-0.802) (2.639)
EDB Some secondary school - - 0.003 - - -

or beyond (0.032)
Sample 403 403 403 109 137 157
R2 0.687 0.694 0.831 0.765 0.685 0.696

Note: Numbers in parentheses are t ratios.
, Not applicable.
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output, and the effect is stronger the longer the prior experience.6

One possible explanation for this phenomenon is the depletion of
the natural fertility of the soil as a result of more intense double
cropping. Another possible explanation is the change in the proce-
dure of selecting new migrants for settlement in the Muda River
area. The selection process might have been tightened up so that
later settlers were screened more carefully than the earlier ones.
Moreover, these changes in the selection standards were not
reflected in the observed characteristic variables.7 If data were
available on the soil fertility and settlement date of individual
farms, both of these explanations could be tested.

In the second pooled regression, equation (2), the education of the
head of household has large and statistically significant positive
effects on output. Completion of primary education (or more than 3
years of religious education) increases output by almost 19 percent.
Translated to a yearly basis, this amounts to a gain of approxi-
mately 4.5 percent per year of additional education. This is compar-
able to the magnitude of the estimated effect of education for Thai
farms.

In the third pooled regression, equation (3), another education
variable, the highest level of education achieved by any male mem-
ber of the farm household, is used instead of the education of the
head of household. This education variable has no statistically
significant estimated effect whatsoever. An examination of the data
indicates that 60 percent of these male members were not the heads
of their respective households. This is consistent with the finding in
Thailand that it is the educational level of the head of household,
the decisionmaker, that makes a difference. But it is directly oppo-
site to the finding in Korea.

When the farms are divided into three groups according to their
experience with double cropping (1 year, 2 years, and 3 or more
years), a more complex pattern of effects emerges. With only 1
year's experience, education has a substantial and statistically sig-
nificant positive effect. Completion of primary education (or more
than 3 years of religious education) increases output by almost 40
percent. Translated to a yearly basis, this amounts to a gain of 10
percent per year of additional education. With 2 years of experience,
however, education is no longer statistically significant. With 3

6. The same phenomenon has been observed by Barnum and Squire (1978), pp.
189-93; see also Barnum and Squire (1979), pp. 48-53.

7. This is due to Robert Evenson.
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years of experience, only adult classes make a statistically signif-
icant difference. But the effect is enormous: attendance of adult
classes makes a difference of 60 percent in the productivity of the
three-year group. Unfortunately, information is not available on the
exact content and duration of these adult classes. If they were in fact
agricultural extension and farm management classes, this result
would indicate that they were tremendously effective in raising the
productivity of even experienced farmers.8

Our interpretation of the difference between farmers with 1 year
of experience and 2 or more years of experience is based on the
speed of learning and adaptation to a new environment. With 1 year
of experience, there may still be a substantial quantity of knowledge
to be acquired, and formal education enhances the ability of the
head of household to acquire that knowledge and therefore in-
creases his productivity. Even farmers without formal education,
however, can learn through experience, although probably at a
slower rate. By the end of the second year of experience, it is
possible that whatever advantages that formal education confers on
a head of household in his learning process have been exhausted
and that further progress no longer depends on the quantity of past
formal education, but on the availability of specific agricultural
knowledge, which can be acquired through adult classes. This is
indeed consistent with Schultz's argument that education tends to
be much more important in a "modernizing environment," that is,
an environment of innovative change.

Our results here are also consistent with the notion that a mini-
mum quantity of formal education, a threshold, must be exceeded
before education becomes useful. It appears that completion of
primary education (or more than 3 years of religious education) is
the critical dividing line. In Thailand, 4 years of formal education
seems to be the critical dividing line.

Restrictiveness of the Neutrality Assumption

The empirical results reported above for Thai, Korean, and
Malaysian farms are all conditional on the maintained hypothesis
that given the choice of a technology (using chemical inputs or not

8. An alternative explanation of this productivity differential can be based on
self-selection.
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using chemical inputs, using mechanical power or not using me-
chanical power), educated and uneducated farms differ in their
technological levels only by a scalar multiplier depending on the
values of the education variables. To assess the restrictiveness of
this neutrality assumption for the Thai farms, farms that chose the
same technology, say, those using chemical inputs, were subdivided
further into educated and uneducated farms. A Chow (1960) test
was performed on the hypothesis that the production elasticities of
the educated and uneducated farms are the same. Since the only
characteristic variables that have been found to have consistently
statistically significant effects are formal education of the head of
household and the availability of agricultural extension services,
the other characteristic variables were dropped from the Chow test
regressions. Thus, separately for educated and uneducated farms,
production functions of the form

In Y' = a LIn L + ao ln C + P In K + Irln T

+ R= RI + 8E-EXT, (i = E, NE)

were estimated, where the superscripts E and NE stand for the
educated and uneducated farms, respectively. The educated and
uneducated farms are then pooled, and new regressions are esti-
mated in which the restrictions corresponding to hypotheses (5.6),
(5.7), and (5.8), below, are successively imposed. Given a technol-
ogy, the first Chow test is the following null hypothesis:

E NE(5.6) aL = aL

E =NEoteE = tcE

pE= pNE
K K

E = ENE

An alternative Chow test that is more stringent requires not only
that the production elasticities be the same, but also that the coef-
ficients corresponding to the regional dummy variables be the
same, that is,

E NE(5.7) aL = aL

E NE

CE = pNE
K K

pE = pNE

r= Rl ( 1, ... ,4) .
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Another alternative Chow test that is even more stringent requires
that the coefficients corresponding to the extension variable be
equal as well:

E NE(5.8) aCL = a

E NE

ac Kc
P = KNE

T =T

8E, = 8NE(l=1 .,4

oE = 8NE5EXT = EXT

The test statistics are computed from the sum of squares of re-
siduals of the separate regressions and the pooled regressions,
under the three alternative hypotheses. This process is repeated for
the nonchemical farms in Thailand. The results of the Chow tests
are presented in Table 5-10.

It is evident from Table 5-10 that, at a significance level of 0.05,
one cannot reject the hypothesis that education has a neutral effect
on productivity in Thailand. That is, the sole effect of education is to
raise or lower the technological level and not to change the form of
the production function. It does not have a statistically significant
effect on the production elasticities, the coefficients of the regional
dummy variables, or the coefficient of agricultural extension. We
conclude that the hypothesis of neutrality we maintained is consis-
tent with the empirical evidence for Thailand.

Table 5-10. Tests of the Neutrality Hypotheses,
for Thai Chemical and Nonchemical Farms

Degrees Critical values at given
of Test levels of significancee

Hypothesis freedom statistic 0.10 0.05 0.01

Chemical farms
(1) (4,71) 1.64 2.02 2.50 3.58
(2) (8,71) 1.33 1.75 2.07 2.75
(3) (9,71) 1.26 1.71 2.01 2.69

Nonchemical farms
(1) (3,166) 0.39 2.10 2.65 3.90
(2) (7,166) 1.81 1.75 2.06 2.74
(3) (8,166) 1.62 1.70 1.99 2.61
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To assess the restrictiveness of the neutrality assumption for the
Korean farms, interaction effects between the educational vari-
ables (education of the head of household and average education of
the adult members of the household) on the one hand and the
physical inputs, regional dummy, and sex dummy variables on the
other were estimated. Statistical tests were performed to ascertain
whether these estimated effects are statistically significant. Thus,
separately for mechanical and nonmechanical farms, production
functions of the form:

In Y = lil =It InXi + .= 1 Pi In Zi + 19= 1 8RI

+ 81A5 +82 A6 + 83 HM

+ X=, 6=5 Eij In Xi Ai + 2 16_5 riij In Zi A1

+ X, 9 % 5 tjRj Ai + jr5 jIHM . Ai

were estimated. As in the case of Thai farms, there are three alterna-
tive hypotheses of neutrality of different degrees of stringency
which can be tested. Given a technology, the first hypothesis is

Ei = ° (i=l. 4: j=5, 6)
(5.9)

itj=0. (i= 1,2;j=5,6)

This null hypothesis implies that the education variables do not
interact with the physical input variables although they may in-
teract with the regional and sex dummy variables. An alternative
and more stringent hypothesis requires neutrality not only with
respect to the physical input variables, but also with respect to the
regional dummy variables, that is,

E= (i = 1. 4;j = 5, 6)

(5.10) , = 0 (i= 1, 2; j =5, 6)

I= 0. (1, .,.9; = 5, 6)

This null hypothesis implies that the education variables do not
interact with the physical input or the regional dummy variables
although they may interact with the sex dummy variable. Finally,
the most stringent hypothesis requires that the education variables
be neutral with respect to the effect of the sex dummy variable as
well, that is,
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Fij = ° (i= 1, .. , 4; j =5, 6)

(5.11) ' i=°0 (i= 1, 2;j= 5,6)

Ei= 0 1(=l,.,9;j=5,6)

Tj =0. (j =5, 6)

This null hypothesis implies that the education variables do not
interact with any of the other independent variables. In other
words, the neutrality assumption holds.

Table 5-11. Tests of the Neutrality Hypotheses,
for Korean Mechanical and Nonmechanical Farms

Test Critical values at givenDegrees statistic levels of significance
of

Hypothesis freedom A6 A6* 0.10 0.05 0.01

Mechanical farms
(1) (12,1317) 1.076 1.079 1.55 1.75 2.18
(2) (30,1317) 0.619 0.704 1.34 1.46 1.70
(3) (32,1317) 0.617 0.723 1.33 1.45 1.69

Nonmechanical farms
(1) (10,498) 0.945 0.900 1.60 1.83 2.32
(2) (28,498) 1.407 1.244 1.35 1.47 1.71
(3) (30,498) 1.460 1.403 1.34 1.46 1.70

The test statistics for these hypotheses for mechanical and non-
mechanical farms and for both choices of the average education
variable are presented in Table 5-11. It is evident from Table 5-11
that, at a significance level of 0.05, one cannot reject any of the
hypotheses that the effect of education on productivity is also neu-
tral for Korea. This is particularly true for the cases in which the
variable A6* is used as the average education variable. We conclude
that our maintained hypothesis of neutrality is also consistent with
the empirical evidence for Korea.



CHAPTER 6

Education and Profitability

ALLOCATIVE EFFICIENCY REFERS to a farmer's ability to maximize
profit given his production function, the quantity of fixed inputs,
and the prices of output and variable inputs. A farm household is
said to be allocatively efficient if the marginal product of every
variable input is equal to the price of the variable input normalized
by the price of output, that is,

(6.1) aF/aXi (X, Z, E) = q,*/po, V i

where F(X, Z, E) is the production function of the farm, X is the
vector of quantities of variable inputs, Z is the vector of quantities of
fixed inputs, E is a vector of characteristic variables, which includes
the quantity of education of the head of household, q* is the price of
the ith variable input, and po is the price of output. We include the
education variable explicitly in the production function to empha-
size that the production function-the level of technology itself-
may depend on education.

One way to ascertain whether education improves allocative
efficiency is to separate the farms into groups with different educa-
tional levels and test, for each group, whether the marginal condi-
tions for profit maximization are satisfied. If these conditions are
not satisfied for one or more groups, one can then proceed to ex-
amine if the ability to maximize profit depends on the quantity of
education of each group. This is the approach taken in this study.
The methodology used depends on the concept of a profit function
and is described below for the case of one input and in Appendix D
for the case of multiple inputs. The empirical implementation of the
profit function approach requires observed variations for all farms
in the prices of output and variable inputs.

140
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There are at least two other ways to study the effect of education
on allocative efficiency using data on prices for individual farms.'
First, suppose that the marginal conditions in equation (6.1) do not
hold. Instead, the marginal products of the variable inputs are
equal to some functions of the prices of output and variable inputs.
Specifically, they are equal to homogeneous linear functions of the
prices of variable inputs normalized by the price of output. Thus, in
vector notation,

(6.2) aFIdX (X, Z, E) = Kq*lpo

where aFlaX(*) is the vector of marginal products, K is a square
matrix of parameters, and q* is the vector of prices of variable
inputs. The matrix K indicates the degree to which profit is maxi-
mized. If K = I, the identity matrix, then we are back in the profit
maximization case. The matrix of parameters K can be made a
function of the quantity of education, and then the dependence of K
on E can be studied. Lau and Yotopoulos (1971) have analyzed a
special case of equation (6.2) with K equal to a constant diagonal
matrix. 2

Second, again in equation (6.1), suppose that a farm household
cannot respond instantaneously to a change in the prices of output
and variable inputs, but takes time to adjust to a new equilibrium.
One may hypothesize that the speed of adjustment depends on the
quantity of education.

The above two models can be combined, so that both the equilib-
rium conditions of equation (6.2) and the speed of adjustment to-
ward this nonprofit-maximizing equilibrium may depend on the
quantity of education.

In Chapter 3 the concept of market efficiency was introduced to
describe the extent of an agent's capacity to influence prices, in
imperfect markets, in a direction favorable to himself. Market
efficiency is then, like allocative efficiency, a concept of efficiency
defined in terms of prices. In this chapter the application of the
profit function approach to measure allocative efficiency is de-

1. If data on prices are available only for regions, it is possible to insert those prices
into equation (6.1) with an estimated production function and examine the extent to
which each farm in the sample maximizes profit. Previous studies that lacked data on
prices for individual farms have typically found the effect of education on allocative
efficiency, assessed in this way, to be more substantial than its effect on the level of
technology.

2. See Lau and Yotopoulos (1971) and Yotopoulos and Lau (1973).
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scribed, then the empirical findings from Thailand on allocative
efficiency are discussed followed by the findings on market effi-
ciency from Thailand.

Allocative Efficiency and
the Normalized Restricted Profit Function

In this section we introduce the concept of a normalized re-
stricted profit function and formulate a model within which ques-
tions of allocative efficiency can be studied. We largely follow the
approach developed by Lau and Yotopoulos. For the sake of simplic-
ity, the concept of a normalized restricted profit function is pre-
sented primarily within the context of a technology having one
output and one variable input. A complete technical exposition of
the concept of a normalized restricted profit function is presented in
Appendix D for the case of a technology in which an arbitrary but
finite number of variable inputs is allowed.

Normalized restricted profit function

We begin with the familiar concept of a production function with
one output and one variable input. Let the production function of a
farm be given by

Y = F(X)

where Y is the quantity of output, Xis the quantity of variable input,
and the quantities of fixed inputs are suppressed for convenience. It
is assumed that zero variable input implies zero output, that is,
F(O) = 0. Restricted profit for the farm, defined as revenue less
variable cost, is given by

P* = poF(X) - q*X

where PO is the price of output, and q* is the price of the variable
input. It is assumed that the farm operator maximizes profit, that is,
he selects the quantity of the variable input, X, for which the profit
of the farm is at the maximum, taking the prices of output and the
variable input and the quantities of the fixed inputs as given. What-
ever value of X maximizes profit, P*, also maximizes normalized
profit, P, which is defined as



EDUCATION AND PROFITABILITY 143

(6.3) P-P*Ipo = F(X) -- qX

where q q*lpo is the normalized price of the variable input. As a
result, the maximization of normalized profit may be considered
equivalently in the analysis of the production behavior of the farm.

The first-order condition for maximizing normalized profit is
given by the usual rule that equates marginal product of a variable
input to its opportunity cost:

(6.4) dF/dK= q.

Under mild regularity conditions equation (6.4) may be solved for
X as a function of q, say,

X = D(q).

D(q) then gives the quantity of the variable input needed to maxi-
mize profit as a function of its normalized price, q. Substituting the
demand function back into equation (6.3) gives

(6.5) P = F[D(q)] - qD(q),

so that the maximized normalized profit can be expressed as a
function of q alone. Equation (6.5) thus gives the maximized value
of normalized profit at normalized price, q. In other words, given
any normalized input price, q, if the farm maximizes profit, then its
maximized normalized profit will be given by equation (6.5). Of
course, to the extent that the farm fails to maximize profit, its actual
normalized profit will be less than the maximized normalized
profit. The function on the right-hand side of equation (6.5) will be
referred to as the normalized profit function and denoted by H, so
that

(6.6) H(q) F[D(q)] - qD(q).

rl(q) has several remarkable properties. First, differentiating
equation (6.6) with respect to q gives

dH(q)ldq = dFldX dD(q)ldq - D(q) - q dD(q)ldq.

But dFldX = q by virtue of the assumption of profit maximization,
hence

(6.7) - dH(q)ldq = 1)(q).

In other words, the negative of the derivative of the normalized
profit function is the demand function. This result is sometimes



144 EMPIRICAL ANALYSIS

referred to as the Hotelling-Shephard lemma.' There are two
aspects of the plausibility of this result. First, the demand function
D(q) must be positive, and intuition suggests that as the price of an
input increases, profit should fall, which implies that dnlIdq is
negative. Second, if input demand is small, then profit cannot be too
sensitive to changes in the input price, that is, dHldq should be
small also. If input demand is large, then dTldq should be large.
Equation (6.7) generalizes to the case of m multiple variable inputs,
in which the negative of the vector of partial derivatives of the
normalized profit function is the vector of demand functions for the
variable inputs:

- af/laqi (q) = Di(q) (i 1, m).

Not any arbitrary function rl(q) can be admissible as a normal-
ized profit function. It must be nonnegative, monotonically decreas-
ing, and convex in the normalized price. To see that a normalized
profit function must be nonnegative for all normalized prices, one
need only observe that the farm always has the option of simply
shutting down, thus using zero variable input, and producing zero
output, resulting in zero profit. A firm that maximizes profit will
therefore never operate with negative profit. To see that a normal-
ized profit function must be nonincreasing in the normalized price,
consider two normalized prices, q, q', such that q > q'. Let X* and
X`* be the quantities of the variable inputs needed to maximize
profit at q and q', respectively. Then

H(q') = F(X'*) - q'X", by the definition of a profit function,

_ F(X*) - q'X* , since X`' maximizes profit at q',

_ F(X*) - qX* since q > q',

= H(q).

One implication of the monotonicity of rl(q) is that the derivative of
the normalized profit function is less than or equal to zero:

dHldq (q) _ 0.

Finally a function rl(q) is convex in q if

(3 -S) H (q) + a (q')_h((I -a)q + (3 ') (VA3, )- O).

3. See Hotelling (1935) and Shephard (1953).
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To see that a normalized profit function must be convex in the
normalized price, again consider two normalized prices, q, q', and
their convex combination, qx = (1 - X)q + Aq', 1 ' X 0. LetX' be
the quantity of the variable input needed to maximize profit at
normalized price qx. Then

H(q) _ F(XA*) - qXA', since H(q) is maximum profit at q,

rI(q') ' F(XZ) - q'X*, since rl(q') is maximum profit at q'.

If the first inequality is multiplied by (1 - X) and the second in-
equality by X, and then they are added together,

(1 - X)fl(q) + A (q') F(XA) -((1 - X)q + Xq'). X'

= H(qx).

One implication of the convexity of the normalized profit function is
that the second derivative of the normalized profit function is non-
negative:

d2 T (q)Idq 2 _ 0o

It can be proved, under mild regularity conditions, that there is a
one-to-one correspondence between production functions on the
one hand and normalized profit functions on the other, so that given
a production function, the normalized profit function is uniquely
determined and vice versa. This one-to-one correspondence implies
that if the assumption of profit maximization is maintained, the
analysis can just as well start with a normalized profit function as a
production function, because a production function must exist that
gives rise to the normalized profit function. The advantage of start-
ing with a normalized profit function lies in the fact that the de-
mand function can be obtained simply by differentiation. If one
starts with a production function, the demand function can be
obtained only by solving an optimization problem as, for example,
in equation (6.4). If one starts with a normalized profit function,
however, one should verify that it is indeed nonnegative, monotoni-
cally decreasing, and convex in the normalized price in the range of
normalized prices of interest.

Having obtained the demand function from the normalized profit
function, the supply function can be readily derived. Revenue is
given by the product of the price of output, po, and supply, y. Profit,
however, is given by revenue minus cost, so that nonnormalized
profit is equal to
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Po 11 (q) = Po Y(q) - poqD(q),

which, by dividing through by po and solving for Y(q), yields

(6.8) Y(q) = rl(q) + q D(q)

= 11(q) - q d r (q)ldq.

Thus, by specifying a normalized profit function rH (q), the demand
and supply functions can be obtained immediately by equations
(6.7) and (6.8), that is, as functions of q above. Equation (6.8) also
generalizes to the case of multiple variable inputs with the supply
function given by:

(6.9) Y(q) = rl(q) - Yt-, qi a r (q)laqi.

Test of profit maximization

The normalized profit function not only is useful in modeling
farms that maximize profit, but it also provides an analytical
framework within which the hypothesis of profit maximization can
be statistically tested. This idea is illustrated again with reference
to the case of one output and one variable input. Suppose that the
normalized profit and the input demand of a farm are observed at
different normalized prices. In addition, for the purpose of illustra-
tion, assume that the normalized profit function takes the form

(6.10) fl (q) = Aq" (t < O).

Then input demand is given by equation (6.7) as

D(q)= -d ldq= -A ot q('

which implies that

(6.11) -q D(q)l H=a

that is, the ratio of the cost of variable input to profit is a constant
equal to (x.

By taking natural logarithms of equation (6.10),

(6.12) lIIIII = ln A + ot ln q.

Equations (6.11) and (6.12) form a pair. Given observations of
normalized profits and input demands at different normalized
prices, the parameters of these equations can be estimated. But
there are two possible estimates for a: one from equation (6.11), the
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factor share function, and one from equation (6.12), the normalized
profit function. For any particular sample of observations the two
estimates are not necessarily identical. If indeed the farm maxi-
mizes profit, however, then the parameter o in the two equations
must be identical. Thus, a test of the hypothesis of profit maximiza-
tion consists of verifying whether the two alternative estimates are
in fact equal.

More generally, let the normalized profit function be

(6.13) Hl (q) = G(q)

where G(q) is a nonnegative, monotonically decreasing, and convex
function. Then the input demand function is given by

(6.14) D(q) = - dG(q)ldq.

Since D(q) is the negative of the derivative of G(q), its parameters
must be a subset of the parameters of Hl (q), which is equal to G(q).
Again, given an algebraic form for G(q) and observations of normal-
ized profits and input demands at different normalized prices, the
parameters of G(q) can be estimated. A subset of such parameters
will appear in both equations (6.13) and (6.14) and hence can be
estimated in two different ways: one from equation (6.13) and the
other from equation (6.14). If indeed the farm maximizes profit,
then the two estimates should coincide. This then provides the basis
for a test of the hypothesis of profit maximization in general. The
same consideration for the case of multiple variable inputs leads to
an analogous conclusion, with

H (q) = G(q)

Di(q) = - aG(q)/aqi (i = 1, m).

Differences in the levels of technology

Next, the effect of differences in the levels of technology between
two farms on their normalized profit functions is considered. The
differences in the technological levels are assumed to be neutral.
The production functions of the two farms are then given by

Y, = A 1F(X); Y2 = A 2F(X)

where the only difference lies in the scalar factor Ai.
The normalized profit functions of the two farms are given, re-

spectively, by
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Hi(q) = Max {AiF(X) - qX} (i = 1, 2).

Let G(q) = Max {F(X) - qX}, that is, the normalized profit function
x

of a farm with a production function Y = AiF(X). Then it follows
that the normalized profit function of a farm with a production
function Yi = AiF(X) is given by

Hi(q) = Ai Max {F(X) - qlAi X}.
x

But Max {F(X) - (qlAi)X} is precisely the same as the maximized

normalized profit of a farm with production function Y = F(X) and
facing normalized price equal to qlAi, that is, G(qlAi). Thus,

JIi(q) = AiG(qlAi) (i = 1, 2).

What is the effect of changes in the level of technology on the
normalized profit function? It may be noted that

d fli(q)/dAi = G(qlAi) - qlAi dGldq (qlAi).

Since Ai is nonnegative and G(q) is nonnegative and monotonically
decreasing, the effect of an increase in the technological level pa-
rameter Ai is to increase normalized profit. Thus, the farm with a
higher technological level parameter will have a higher normalized
profit function, that is, will have higher maximized normalized
profit for all possible normalized prices.

Moreover, the relative profitability of the two farms is not neces-
sarily proportional to the relative productivity. The relative pro-
ductivity of the two farms is given by

Y,/Y2 = AIF(X)/A 2 F(X)

= AI/A 2 .

The relative profitability, however, is given by

H1(q)/r 2(q) = A1G(qlAl)!A2G(q/A2).

Suppose that the first farm is on a higher technological level than
the second farm, so that Al > A2. Then qlA, < q/A 2 , which by mo-
notonicity of Hl () implies that

G(qlA,) > G(q/A2)

so that

I (q)/l 2 (q) > A]/A2 .
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In other words, differences in the levels of technology will lead to
more than proportional differences in profits. For example, if
G(q) = q', then relative profitability is given by

rl,(q)/H2(q) = A1 /A2 (qIAi)a/(qIA 2)'

= (AI/A 2 )- Oa = (AI/A2)

> AIIA2, since Ct < 0.

Allocative inefficiency

Farms may, however, fail to maximize profit perfectly. Following
the terminology of Chapter 3, a technically efficient farm is said to
be allocatively efficient if it does maximize profit, that is, equates
the marginal product of every variable input to its corresponding
opportunity cost. A farm that fails to do so is said to be allocatively
inefficient. The normalized profit function can also be used to assess
relative allocative efficiency.

Again let there be two farms whose production functions are
identical up to a multiplicative technological level parameter. In-
stead of equating the marginal product of the variable input to its
normalized price, we assume that each of the farms equates the
marginal product to a constant, not necessarily equal to one, times
the normalized price, that is,

(6.15) dYlIdXl = Al dF(Xj)1dK= klq;

dY2/dK2 = A2 dF(X2)1dX2 = k2q.

The parameters k, and k2 will be referred to as allocative efficiency
parameters. Under profit maximization,

(6.16) k, = k2 = 1.

From equation (6.15) one can, under mild regularity conditions,
solve for the demand functions of the variable inputs of the two
farms. In particular, since the production functions are identical up
to a constant multiplicative technological level parameter, the mar-
ginal conditions are given by

dF/dX(Xj) =klqIAl; dFldX(X2) = k2qlA2

which implies that farms 1 and 2 equate the marginal products of
the variable input to kIqIAI and k2qlA2, respectively, that is, they act
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as if they maximize profit, taking as given klqIAi and k2 q/A2 as their
respective normalized prices. If D(q) is the demand function of a
farm that maximizes profit with production function F(X) and fac-
ing normalized price q, then the demand functions for the variable
inputs for farms 1 and 2 are given by

(6.17) DI(q) = D(k,qlA,); D2(q) = D(k2qlA2).

It is possible that k1/A1 = k2 lA 2, in which case the demand functions
of the two farms will be identical, but that will be purely fortuitous.
By equation (6.7), D(q) = - [d H (q)ldq] = - [dG(q)ldq], where G(q)
is the normalized profit function corresponding to the production
function Y = F(X).

The output supply function for a farm that maximizes profit with
a normalized profit function rl (q) is given in equation (6.8) as a
function of q. The output supply functions of two farms with differ-
ent levels of technology and allocative efficiency, as in equation
(6.17), may be written as

Y1(q) = AIF(Xl*) Y2(q) = A2F(X2)

= A,F[D(k,qlA,)] = A2F[D(k2 qlA 2 )]

where Xji and XI are the quantities of the variable input used at
normalized price, q by farms 1 and 2, respectively.

But, by definition, from equation (6.8), the output supply function
is given by

F[D(q)] = G(q) - q dGldq (q).

Thus,
F[D(kiqlAi)] = G(kiqlAi) - kiqlAi dGldq (kiqlAi) (i = 1, 2)

which leads to the output supply functions of the two farms:

(6.18) Yz(q) = AjG(kjq/Aj) - kiq dGldq (kiqlAi) (i = 1, 2).

Actual normalized profit is given by

IIia(q) = Yi(q) - qDi(q)

(6.19) = AjG(kjq/Aj) - kiq dGldq (kiqlAi) + q dGldq (kiqlAi)

= AjG(kjq/Aj) + (1 - ki) q dGldq (kiqlAi) (i = 1, 2).

This is in general not equal to AjG(kjq/Aj). But if ki = 1, that is, the
ith farm is allocatively efficient, then actual normalized profit be-
comes
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H?a(q) = AiG(qIAi)

as before.
What is the effect of differences in the level of technology on the

actual normalized profit function? Differentiating equation (6.19)
with respect to Ai,

dH?'(q)/dA, = G(kiqIAi) - dGldq (kiqlAi) kiqlAi

- (1 - ki) q d2Gldq2 (kiqlAi) kiqlAt?

which by equation (6.18) may be rewritten as

= Yi(q)lAi - (1 - ki) q d2Gldq2 (kiqlAi) kiqlA'2.

Yi(q)/Ai is nonnegative, and d2G/dq2 is nonnegative by virtue of
convexity of G(q), but (1 - ki) is indefinite in sign, and hence dHfI(q)I
dAi is indefinite in sign. If ki _ 1, however, that is, if the ith farm
overvalues the opportunity cost of the variable input, then
(1 - ki) ' 0, and an increase in the level of technology increases the
actual normalized profit function.

If the additional assumption is made that 11(q) has the form

rl(q) = qa (oa < 0)

then the demand functions may be derived as

Di(q) = - drldq (kiqlAi)

= - a(kiqlAi)- (i = 1, 2)

where dfI/dq( ) is understood to be the first derivative function of
1(- ) with respect to its argument, and the actual normalized profit
functions as

fl?(q) = Ai(kiqIAi)a + (1 -ki)aq (kiqlAi)1

= [Ai kjIAia + (1 - k) kt - IaIA' -I] qa

= (kilAi)A- ' [ki + (1 - ki)a]qa

= Ai qa (i = 1, 2)

so that in this case an increase in the level of technology increases
the actual normalized profit function. Finally, the ratio of expendi-
ture on the variable input to profit is given by

qDj(q)1iH1(q) = - oa[ki + (1 - ki)ot] 5 - e (i = 1, 2).



152 EMPIRICAL ANALYSIS

Combining these results produces the logarithmic actual normal-
ized profit function,

(6.20) In Wl' (q) = ln A,` + a ln q

and the factor share function,

(6.21) - qDj(q)/W1Z(q) = ot. (i = 1, 2)

Al* = A2* implies equal relative economic efficiency as defined in
Chapter 3. The parameters of technological level and allocative
efficiency are equal for the two farms, that is, A, = A2 and k, = k2, if
and only if AI* = A2* and ca * = otl. ki = 1, that is, perfect allocative
efficiency obtains for the ith farm, if and only if cx4* = a. These
results and their analogs for the case of multiple variable inputs
then form the basis of the tests of relative economic efficiency
between two farms.

Cobb-Douglas production function

In the empirical applications several variable inputs and fixed
inputs are distinguished. The production function is assumed to be
Cobb-Douglas in form:

Y =A H7 1X(= XI il Zj1 j

where Xi's are the quantities of the variable inputs, and Z,'s are the
quantities of the fixed inputs, as > 0, j > 0, Vi, j, and I ai < 1.
The last restriction implies decreasing returns to scale in the vari-
able inputs.

The normalized restricted profit function corresponding to the
Cobb-Douglas production function takes the form,

(6.22) rI(q, Z) = G(q, Z) = 1 _ qXi*

= A(' - *') i(I - >L) Mlt= I (qi/oti)-°i( F

Ij,In Zjf3i/(1 - )
17=1 /i(

where q is the vector of normalized prices of the variable inputs, Z is
the vector of the quantities of the fixed inputs, and

F-.T= I ot i .

4. For a detailed derivation, see Lau (1978), pp. 190-91.
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Given the functional form of G(q, Z), the actual normalized profit
function and the demand functions can be derived for a farm with
technological level parameter, Ai, and vector of allocative efficiency
parameter, ki, as

(6.23) Hz = A,l-) (1 - T 1otkij )

[IIT/= I ki -xi"( -' [rEi= I oLjoaj l -s)-l

[H7L1 q7j a ( F ] [H7, Z (1- j) 1] (i = 1, 2)

and

(6.24) Xi = A 1 (' tlkiiqij

[fHi= I ky'ij - L)-'] [nr' Iai (1- 4)- I]
[n] ij Ii0P0 Lj=, ZIji0F

(i = 1, 2; j = 1,. i).

From these two equations, the factor share functions can be
derived:

(6.25) q 1jXj 1Ihl1 = ajikij(1 - lm= ao/ki1) (i = 1, 2;j = 1, m)

so that the ratio of expenditure on the jth input to the actual
restricted profit is a constant. Moreover, this constant depends only
on the vector of allocative efficiency parameters, ki, and on the
elasticities of production of the variable inputs (and in particular is
independent of Ai, the parameter of the technological level).

Taking natural logarithms of the actual normalized restricted
profit function:

(6.26) ln Hra = ln A7 + ITL= I o ln qij + 1% Ij* ln Zi

where

ln A' = (1 - p.) 1 ln Ai + ln (1 - ITI=i 1oIjkij)

-a7m=i otj (1- )- 1 ln ki + IT1=1 aI (1 - I ln aIn

O_?k -. t l _)-1 (i=1 m)

pj*(l -1) 0 Q(j= ,...,n)

so that the actual normalized restricted profit function of two farms
differ only by a multiplicative constant A,i. The ith farm is said to be
relatively more economically efficient than the jth farm if the ith
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actual normalized restricted profit function is greater than the jth
actual normalized restricted profit function. In the present Cobb-
Douglas case, this implies A" > AJP, which is also sufficient for the
ith farm to be globally (for all normalized prices and fixed inputs)
relatively more economically efficient than the jth farm. Further,
for the Cobb-Douglas case, a I'V/aAj > 0, V i, so that an increase in
the technological level of the ith farm always increases the actual
normalized restricted profit function of the ith farm.

The ratio of expenditures on the jth variable input to actual profit
may be written as

(6.27) - qjXi/rI-* (i = 1, 2;j= 1, m)

where

oj/kjj)/(1- :1= I otl/kil) (i = 1, 2; j = 1, m).

These are referred to as the factor share functions. Four observa-
tions may be made. First, two farms are equally allocatively
(in)efficient(k, = k2)ifandonlyifa *j* = i2*j*,j = 1_...,m.Second,
a farm is allocatively efficient (kqj = 1, V j) if and only if of** = Ot'!,
j = 1, m. Third, two farms are of equal relative economic
efficiency if and only if in A iln A= j . Fourth, two farms are equal in
technological level and in allocative efficiency if and only if In
Al* = In A2* and ajl*i = ot2*j*, i = 1, . . ., m. These four observations
form the basis of the empirical tests of relative efficiency between
different groups of farms.

Finally, if In A l* is greater than ln A2*, then the marginal product of
the actual normalized restricted profit function with respect to the
kth fixed input will be greater in the first farm than in the second
farm, holding the normalized prices and the fixed inputs constant.
To the extent that the latter variables are different, the margi-
nal products, or quasi-rents, will be different. By the Hotelling-
Shephard lemma, the rnarginal profit of the profit function with
respect to the kth fixed input is precisely the marginal product of the
production function with respect to the kth fixed input. The mar-
ginal products of the fixed inputs may be compared by comparing
the partial derivatives of the actual normalized restricted profit
functions with respect to the fixed inputs. Such a comparison may
have important implications for the relative desirability of alterna-
tive distributions of the fixed inputs among the farms.
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Indirect estimates of the parameters
of the production function

Given the parameter estimates of the actual normalized re-
stricted profit function, ott, (j = 1, . . ., m) and pj*, (j = 1, . . ., n), the
implicit estimates of the parameters of the production function can
be computed through the identities

(xj* =- aj (l - l ( j = l...,m)

PI* pi (l IL) - (j=1, .. ,n)

where

11 a E (Xoi

Summing the first identity across the variable inputs gives

=1 a* = - 0 (1 - 1

Let

then
lt- - . (1 - 1) 

which leads to

(1 - pA)p* = - p.

or
. = - p.*(1 - p*)y (1 - ) = (1 -*)

Thus,

(6.28) (ti= oj*I1, -0 1*)l (j = 1, ,m)

(6.29) Pi = I3P(1 - .*)- I (j = 1, , n).

Since (1 - p) > 0 by assumption, and ,u > 0 by monotonicity, the
value (1 - p.) lies strictly between zero and one. It follows that the
value of (1 - p.*) must be strictly greater than one, or that ,u* must
be strictly negative. It also follows that the production elasticities
ax's and Pi1's are always smaller in magnitude than the correspond-
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ing profit elasticities with respect to the normalized prices, t, and
the fixed inputs, V .

These implicit estimates of the production function parameters
computed from the estimates of the normalized profit function
parameters are referred to as indirect estimates to distinguish them
from the direct estimates obtained from the direct estimation of the
production function. The indirect estimates are consistent if and
only if the estimator of the normalized profit function parameters is
consistent.

Profit Functions of Thai Farms

In this section agricultural production in Thailand is analyzed
using the profit function approach under the hypothesis that the
production function, and hence the normalized restricted profit
function, is Cobb-Douglas in form. The basic estimating equations
are therefore equation (6.26), the actual normalized restricted profit
function, and equation (6.27), the factor share functions. Compari-
son of the values of the coefficients estimated separately from these
two equations constitutes the test of profit maximization. It is also
possible to identify differences in the levels of technology, if there
are any, between two or more groups of farms with different levels
of education.

Estimates of profit functions

As before, the Thai farms are divided into two groups: those
which used chemical inputs, and those which did not. The members
of each group are assumed to have identical production functions,
F(X, Z, E), and actual normalized profit functions, H(q, Z, E), where
the vector E includes the characteristic variables of the individual
farms such as age and sex of the head of household in addition to
education. First, the actual normalized restricted profit function
(equation (6.26)) is estimated alone, that is, without using the in-
formation provided by the factor shares, for each group. It is
assumed that there is an additive stochastic disturbance term in
equation (6.26), so that a typical estimating equation takes the
form:

ln flik = ln AV* + X=I otl In qijk

+ 1 1 I In Zijk + E Eik + Eik
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where the subscript k denotes the kth farm in the ith group, and Eik

is a measure of the educational level of the kth farm in the ith group.
It is further assumed that the farms take the normalized prices, q,
and the quantities of fixed inputs and their characteristic variables
as given and fixed during the short run. In addition, it is assumed
that E(ei) = 0, i = 1, 2, and V(6j) = uloI. The ordinary least squares
estimator, which is unbiased and consistent under these assump-
tions, is used to estimate the unknown parameters. The profit func-
tion approach implies a different stochastic specification from the
production function approach. The two approaches are not neces-
sarily equivalent.

For the chemical farms, there are two variable inputs-labor and
chemical inputs-and two fixed inputs-capital and land. The re-
gression results are summarized in Table 6-1. Profit is positively
and statistically significantly related to the maximum number of
years of formal education of either head of household (AS) to the
extent of approximately 5 percent a year. The estimated effect
ranges between 3 and 8 percent a year. When the years of formal
education variable is represented by three dummy variables-E2
(more than 0 and less than 4 years), E3 (exactly 4 years), and E4
(more than 4 years)-they yield estimated coefficients that increase
with successively higher levels of education. The dummy variable
corresponding to less than 4 years of formal education, however,
does not have a statistically significant effect. The dummy variable
corresponding to 4 years of formal education is occasionally statis-
tically significant, and its estimated effect on profit ranges from 16
to 35 percent, relative to 0 year of education. The dummy variable
corresponding to more than 4 years of formal education is also
occasionally statistically significant, and its estimated effect on
profit ranges from 39 to 83 percent, more than double the estimated
effect of exactly 4 years of formal education. It is hypothesized that
this may reflect the higher level of education that may be required
for effective utilization of the chemical inputs. When the years of
formal education variable is represented by a single dummy vari-
able, E5 (more than 0 year of education), it yields estimated coef-
ficients that are occasionally statistically significant. The overall
picture that these results convey is that each year of formal educa-
tion has a statistically significant positive effect of approximately 5
percent on the level of profit, and that there is evidence that a
minimum threshold of about 4 years of education is needed before
education has any discernible effect.



Table 6-1. Regressions of Profit Functions for Thai Chemical Farms
(sample = 91)

Maximum Maximnum Maximum Estimate
Independent Minimum Maximum R2 R2 R*2 of highest

variable estimate estimate (0.654) (0.600) (0.556) t ratio

>.n Constant 7.525 9.409 8.907 8.980 8.980 8.980
co (8.984) (9.022) (9.154) (9.921) (9.921) (9.921)

Labor -0.523 -1.160 -1.115 -1.107 -1.107 -1.160
(-1.785) (-3.793) (-3.596) (-3.438) (-3.438) (-3.793)

Chemical inputs -0.197 -0.432 -0.431 -0.387 -0.387 -0.432
(-2.209) (-4.835) (-4.833) (-4.388) (-4.388) (-4.835)

Capital -0.003 0.100 0.056 0.080 0.080 0.100
(-0.031) (1.239) (0.695) (0.962) (0.962) (1.239)

Land 0.621 0.900 0.831 0.833 0.833 0.886
(6.761) (9.328) (9.222) (9.149) (9.149) (9.948)

Region 2 -0.593 -0.739 -0.722 -0.670 -0.670 -0.731
(-3.753) (-3.966) (-4.198) (-3.835) (-3.835) (-4.301)

Region 3 -0.135 -0.265 -0.195 -0.213 -0.213 -0.265
(-0.590) (-1.183) (-0.918) (-0.980) (-0.980) (-1.183)

Region 4 -0.794 0.098 0.065 -0.012 -0.012 0.098
(-0.346) (0.401) (0.285) (-0.050) (-0.050) (0.401)



A5 (education of head of house- 0.038 0.082 - 0.051 0.051 0.079
hold) (years) (1.305) (3.064) (2.062) (2.062) (3.074)

A6 (average education) 0.011 0.085 0.037 - - 0.085
(years) (0.211) (2.227) (0.843) (2.227)

E2 (education, -0.041 0.153 -0.024 - - 0.153

0 < A5 < 4) (-0.187) (0.658) (-0.116) (0.658)
E3 (education, 0.158 0.349 0.198 - - 0.347

A5 = 4) (1.049) (2.271) (1.282) (2.273)
E4 (education, 0.386 0.831 0.420 - - 0.809

A5 > 4) (1.152) (2.654) (1.247) (2.701)
E5 (education, 0.105 0.323 - - - 0.323

A5 > 0) (0.737) (2.174) (2.174)

EXT (1 if extension services -0.275 0.043 -0.205 -0.194 -0.194 -0.274
available; 0 otherwise) (-2.039) (0.326) (-1.594) (-1.429) (-1.429) (-2.053)

A7 (age of head of household) -0.005 0.004 0.001 - - -0.005
(years) (-1.004) (0.773) (0.251) (-1.005)

CR (I if credit taken or -0.234 0.142 0.136 - - -0.234
available; 0 otherwise) (-1.488) (0.853) (0.882) (-1.488)

HM (I if male; 0 if female) -0.675 0.065 - - - 0.065
(-1.593) (1.612) (1.612)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.
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Availability of agricultural extension services, however, has
mostly negative effects on profit. Sometimes these effects are statis-
tically significant. This contrasts (but is not inconsistent) with the
production function results, which found extension to be statisti-
cally insignificant for the chemical farms. The estimated effect of
agricultural extension ranges from 4 to -27 percent, with -20
percent being approximately the modal value. The negative rela-
tion between profit and availability of agricultural extension is
somewhat counter to intuition. One possible explanation may lie in
the fact that agricultural extension service personnel tend to be
agronomists rather than agricultural economists and hence may be
more prone to recommend practices that maximize output rather
than profit. Thus, farmers who do not have the benefit of agricultu-
ral extension but have to follow their own instincts as to the best
economic practice (rather than the best technical practice recom-
mended by the agricultural extension services) may actually
achieve a higher level of profit with possibly a lower level of output.
Another possible explanation is that in localities where agricultural
extension is available some farmers may have been coaxed into
adopting chemical inputs before either they or the objective cir-
cumstances are ready, thus resulting in lower profit relative to those
farmers who adopt chemical inputs on their own in the absence of
agricultural extension. Shortcomings of this sort in the quality of
extension advice can often result, as Schultz (1965) has suggested,
from lack of sufficient research to provide appropriate inputs into
the agricultural extension service.

The average level of formal education of members of the house-
hold (as distinct from the head of the household) shows a slight and
positive and occasionally statistically significant effect for some
regressions, but not generally. The other variables such as age, sex,
and credit availability do not seem to affect profitability of the
farms in a statistically significant manner at all.

The estimated price of labor and land coefficients are both statis-
tically significant and have the correct signs. The estimated capital
coefficients are statistically insignificant.

For the nonchemical farms, there is only one variable input-
labor-and two fixed inputs-capital and land. The regression re-
sults are summarized in Table 6-2. The effect of education, as
indicated by the single dummy variable, ES (more than 0 year of
education), is quite statistically significant. Whether the head of
household had some formal education makes an average difference
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of 17 percent on profit. The lower and upper bounds are 16 and 24
percent, respectively. Given that the average number of years of
schooling for those heads of households who had some formal
education is approximately 4, this works out to between 4 and 5
percent per year of schooling. This is consistent with the estimates
obtained for the coefficient of years of formal schooling, AS, which
range between 4 and 6 percent. The estimated coefficient for A5 is
frequently statistically significant, although not as significant as
the estimated coefficient for ES. The same result is borne out by
disaggregating the education variable into E2, E3, and E4. E3,
which represents 4 years of schooling, makes a difference of 18
percent, which amounts to 4.5 percent a year on the average.
Neither E2 nor E4 have statistically significant estimated coef-
ficients, however, suggesting perhaps that 4 years of formal educa-
tion may be the locally optimum quantity of education.

Profit is positively and statistically significantly related to availa-
bility of agricultural extension, in contrast to what is observed for
the chemical farms. The availability of agricultural extension ser-
vices makes a difference of between 14 and 18 percent, with 14.5
percent being the most probable value. This is comparable in order
of magnitude to the effect of 4 years of formal education.

The average level of formal education has positive effects (ap-
proximately 4 percent per year per person) in some regressions,
which are on the borderline of being significant. None of the other
variables-age, sex, and credit availability-have any statistically
significant effect.

The estimated price of labor and land coefficients are both statis-
tically significant and have correct signs. The estimated capital
coefficients are almost always insignificant, as in the case of the
chemical farms. On the whole, however, the estimates of the profit
function parameters for both the chemical and the nonchemical
farms seem to have a higher variability than the corresponding
estimates of the parameters of the production function.

The possible existence of various interaction effects in the profit
function regressions were also explored. The regression results for
the chemical farms are summarized in Table 6-3. It is evident that
profitability is positively related to education and negatively re-
lated to agricultural extension as before. Moreover, it appears that
without agricultural extension, the effect of education on profit can
be estimated to be a statistically significant 7 percent a year. But
with agricultural extension, the effect of education can be estimated



Table 6-2. Regressions of Profit Functions for Thai Nonchemical Farms
(sample = 184)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 R2 R*2 of highest

variable estimate estimate (0.656) (0.636) (0.618) t ratio

Constant 6.383 8.460 7.881 8.167 8.167 8.282
(11.49) (20.12) (12.75) (20.26) (20.26) (20.50)

Labor -0.701 -0.918 -0.906 -0.912 -0.912 -0.916
(-4.384) (-6.028) (-5.839) (-6.031) (-6.031) (-6.192)

Capital -0.026 0.013 -0.002 0.000 0.000 -0.026
(-0.491) (0.252) (-0.040) (0.009) (0.009) (-0.491)

Land 0.767 0.867 0.792 0.789 0.789 0.855
(12.97) (13.98) (13.08) (13.31) (13.31) (14.25)

Region 2 -0.416 -0.442 -0.424 -0.424 -0.424 -0.442
(-5.286) (-5.494) (-5.324) (-5.425) (-5.425) (-5.624)

Region 3 -0.187 -0.251 -0.233 -0.230 -0.230 -0.248
(-1.455) (-1.890) (-1.754) (-1.764) (-1.764) (-1.923)

Region 4 -0.351 -0.419 -0.357 -0.357 -0.357 -0.419
(-3.039) (-3.510) (-2.989) (-3.033) (-3.033) (-3.510)



AS (education of head of house- 0.038 0.058 - - - 0.052
hold) (years) (1.916) (2.013) (2.156)

A6 (average education) -0.003 0.044 - - - 0.044
(years) (-0.107) (1.841) (1.841)

E2 (education, 0.146 0.207 0.156 - - 0.205
0 < A5 < 4) (1.182) (1.443) (1.212) (1.466)

E3 (education, 0.162 0.254 0.181 - - 0.217
A5 = 4) (1.948) (2.146) (2.270) (2.536)

E4 (education, 0.153 0.265 0.210 - - 0.265
A5 > 4) (0.542) (0.905) (1.212) (0.905)

ES (education. 0.160 0.241 - 0.168 0.168 0.214
A5 > 0) (1.992) (2.147) (2.190) (2.190) (2.558)

EXT (1 if extension services 0.140 0.179 0.143 0.147 0.147 0.179
available; 0 otherwise) (2.119) (2.584) (2.150) (2.267) (2.267) (2.584)

A7 (age of head of household) -0.004 0.003 - - - -0.004
(years) (-1.478) (0.710) (-1.478)

CR (I if credit taken or 0.020 0.118 0.053 - - 0.118
available; 0 otherwise) (0.270) (1.493) (0.701) (1.512)

HM (1 if male; 0 if female) -0.122 0.235 0.235 - - 0.235
(-0.256) (0.556) (0.535) (0.556)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.



Table 6-3. Regressions of Profit Functions with Interactions for Thai Chemical Farms
(sample = 91)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 R2 R* 2 of highest

variable estimate estimate (0.667) (0.607) (0.559) t ratio

Constant 7.013 10.57 9.741 9.741 8.688 8.688
(4.917) (6.100) (5.497) (5.497) (9.857) (9.857)

Labor -0.839 -1.171 -1.171 -1.171 -1.026 -1.171
(-2.649) (-3.538) (-3.538) (-3.538) (-3.280) (-3.538)

Chemical inputs -0.326 -0.415 -0.401 -0.401 -0.395 -0.411
(-3.629) (-4.554) (-4.447) (-4.447) (-4.485) (-4.589)

Capital 0.030 0.081 0.030 0.030 0.075 0.080
(0.338) (0.928) (0.338) (0.338) (0.913) (0.944)

Land 0.793 0.880 0.835 0.835 0.838 0.880
(8.383) (9.714) (8.807) (8.807) (9.176) (9.714)

Region 2 -0.539 -0.689 -0.605 -0.605 -0.630 -0.689
(-3.032) (-3.924) (-3.369) (-3.369) (-3.750) (-3.924)

Region 3 -0.124 -0.223 -0.150 -0.150 -0.164 -0.233
(-0.543) (-1.017) (-0.679) (-0.679) (-0.754) (-1.017)

Region 4 -0.033 0.063 0.005 0.005 0.015 0.063
(-0.136) (0.265) (0.019) (0.019) (0.062) (0.265)

A5 (education of head of house- 0.035 0.195 0.051 0.051 - 0.074
hold) (years) (1.163) (1.112) (1.779) (1.779) (2.772)

A7 (age of head of household) 0.021 0.048 - - - 0.062
(years) (0.495) (1.134) (1.363)

A7
2

-0.000 -0.000 - - - -0.000
(-0.552) (-1.054) (-1.225)



EXT (1 if extension services -3.988 -0.882 -3.323 -3.323 - -1.103
available; 0 otherwise) (-1.935) (-1.836) (-1.607) (-1.607) (-2.340)

ASEXI 0.025 0.025 - - 0.025 0.025
(0.759) (0.759) (0.759) (0.759)

ASEXO 0.071 0.071 - - 0.071 0.071
(2.888) (2.888) (2.888) (2.888)

A6EXI 0.029 0.053 - - - 0.053
(0.636) (1.284) (1.284)

A6EXO 0.075 0.112 - - - 0.112
(1.412) (2.630) (2.630)

A7EXI -0.003 0.098 0.098 0.098 - 0.098
(-0.699) (1.688) (1.688) (1.688) (1.688)

A7EXO -0.036 0.051 -0.011 -0.011 - -0.012
(-0.655) (1.207) (-0.195) (-0.195) (-1.633)

A7SEI -0.001 -0.000 -0.001 -0.001 - -0.001
O\ (-1.556) (-0.230) (-1.556) (-1.556) (-1.556)

A7SEO -0.000 0.000 0.000 0.000 - -0.000
(-1.267) (0.425) (0.074) (0.074) (-1.267)

A7A5 -0.002 -0.001 - - - -0.002
(-0.830) (-0.570) (-0.830)

AS2 -0.002 0.002 - - - 0.002
(-0.295) (0.417) (0.417)

D35 -0.305 -0.305 - - - -0.305
(-1.210) (-1.210) (-1.210)

D35A5 0.078 0.078 - - - 0.078
(1.906) (1.906) (1.906)

D35PA5 0.056 0.056 - - - 0.056
(2.177) (2.177) (2.177)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.
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to be only a statistically insignificant 2.5 percent. Without agri-
cultural extension, the estimated effect of average education is
statistically insignificant. But with agricultural extension, the aver-
age education effect is positive and statistically significant in some
regressions. The estimated coefficient ranges between 7.5 and 11
percent. These results suggest the possible existence of a negative
interaction effect between formal education and agricultural ex-
tension. In other words, the measured effect of education is dimin-
ished by the presence of agricultural extension. One possible expla-
nation may be that agricultural extension personnel work more
with the poorly educated farmers. Thus, in a region with agricultu-
ral extension, the effect of agricultural extension is compensatory,
and hence will lower the measured effect of years of formal educa-
tion in that region. The validity of this explanation, however, has
yet to be empirically verified. It also appears that education en-
hances profitability much more for younger heads of household
than for older heads of household: 8 percent a year for the former
compared with 6 percent a year for the latter.

The regression results with interaction effects for the nonchem-
ical farms are summarized in Table 6-4. There is some evidence
that agricultural extension enhances the effect of education and
vice versa, as indicated by the estimated coefficient for A5EXl . This
suggests that for nonchemical farms they may be complements
rather than substitutes. With agricultural extension, 1 year of for-
mal schooling appears to make a difference of 5.5 percent in profit,
as compared with 2.0 percent without agricultural extension. This
positive interaction effect is exactly the reverse of what is observed
for the chemical farms. There is also some evidence of positive
interaction between age and education. The positive effect of educa-
tion (4 percent a year) on profit for farms with household heads 35
years or older is statistically significant, whereas the same effect is
not statistically significant for farms with household heads 35 years
or younger. The magnitude of the effect also seems to be higher for
the former group. Again, this interaction between age and educa-
tion is precisely the opposite of what is observed for the chemical
farms. Age and extension seem to have a marginally statistically
significant negative interaction effect. None of the remaining vari-
ables have statistically significant coefficient estimates.

Test of profit maximization

From the point of view of this study, we are most interested in
whether formal education makes a difference in the ability of a
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farmer to maximize profit. To test this hypothesis, the farm house-
holds are divided further by whether the heads of household had
formal education. In other words, the farm households are classified
into four groups: chemical farms with educated heads, chemical
farms with uneducated heads, nonchemical farms with educated
heads, and nonchemical farms with uneducated heads.

The chemical farms and the nonclhemical farms are analyzed
separately, on the grounds that the technology is different for the
two kinds of farms. Only variables of farm household characteris-
tics that have been previously statistically significant are included.
Thus, in addition to the prices of variable inputs, the quantities of
fixed inputs, and the regional dummy variables, the only other
independent variables that are included are education and the
availability of agricultural extension.

The model used here is based on the one developed by Lau and
Yotopoulos that was discussed in some detail in the first section of
this chapter. The profit function as well as the factor share functions
are estimated for the chemical and nonchemical farms. The factor
share functions are allowed to differ between the educated and the
uneducated farms. The estimating equations for the chemical farms
take the form

ln ik = ln A" + at ln Wik + &j ln PCNik + P* ln Kik

+ PT* ln Tik + 1I=2 6fRikl + 8EXTEXTik + EE5ESik

- WikLikl/ik = OL, ESE5ik + YL, E6E
6

ik

- PCNikXCNiklIlik = OC, EsE 5 ik + tIC, E6E 6 ik (V i, k)

where Wik and PCNik are, respectively, the normalized wage rate
and the normalized price of chemical inputs of the kth farm in the
ith group; Kik and Tik are, respectively, the quantities of capital and
land operated by the kth farm in the ith group; and Rikl, EXTik, ESik,
and E6ik are, respectively, the values of the dummy variables cor-
responding to each region, availability of agricultural extension,
and levels of education for the kth farm in the ith group. E5 takes the
value 1 for a farm the head of which is educated, and otherwise is 0.
E6 takes the value 1 for a farm the head of which is uneducated, and
otherwise is 0. The coefficient aL, E5 on the E5 variable in the wage
share function is the negative of the average ratio of total labor cost
to restricted profit for all educated farms. The coefficient at E6 on
the E6 variable in the wage share function is the negative of the



Table 6-4. Regressions of Profit Functions with Interactions for Thai Nonchemical Farms
(sample = 184)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 R2 R* 2 of highest

variable estimate estimate (0.655) (0.636) (0.617) t ratio

Constant 7.283 8.446 8.161 8.146 8.217 8.446
(6.776) (20.34) (12.12) (18.16) (19.97) (20.34)

Labor -0.880 -0.904 -0.887 -0.880 -0.888 -0.902
(-5.802) (-5.832) (-5.700) (-5.S02) (-5.840) (-5.928)

Capital -0.002 0.013 -0.002 -0.001 -0.003 0.013
(-0.040) (0.248) (-0.031) (-0.023) (-0.052) (0.248)

Land 0.770 0.799 0.789 0.791 0.788 0.799
o (12.80) (13.29) (13.03) (13.20) (13.15) (13.29)
oo

Region 2 -0.417 -0.452 -0.423 -0.417 -0.424 -0.452
(-5.295) (-5.615) (-5.240) (-5.295) (-5.390) (-5.615)

Region 3 -0.188 -0.245 -0.223 -0.219 -0.214 -0.245
(-1.428) (-1.852) (-1.672) (-1.669) (-1.634) (-1.852)

Region 4 -0.350 -0.416 -0.357 -0.350 -0.352 -0.416
(-2.947) (-3.482) (-2.963) (-2.947) (-2.965) (-3.482)

A5 (education of head of house- 0.036 0.192 0.039 0.042 0.038 0.038
hold) (years) (0.335) (1.074) (1.540) (1.710) (1.892) (1.892)

A7 (age of head of household) 0.001 0.028 - - 0.028
(years) (0.107) (0.912) (0.912)

A7
2

-0.000 -0.000 - - -0.000

(-0.836) (-0.467) (-1.019)
EXT (1 if extension services -0.243 0.055 -0.243 - - -0.243

available; 0 otherwise) (-0.286) (0.220) (-0.286) (-0.286)



A5EX1 0.056 0.056 - - - 0.056
(2.788) (2.788) (2.788)

ASEXO 0.020 0.020 - - - 0.000
(0.994) (0.994) (0.994)

A6EXJ 0.020 0.041 - - 0.020 0.041
(0.682) (1.559) (0.682) (1.559)

A6EXO -0.018 0.003 - - -0.018 0.003
(-0.616) (0.110) (-0.616) (0.110)

A7EXI -0.002 0.017 0.014 0.002 - 0.013
(-0.592) (0.672) (0.559) (0.642) (0.743)

A7EXO -0.005 0.008 -0.000 -0.001 - -0.005
(-1.811) (0.474) (-0.019) (-0.239) (-1.811)

A7SEI -0.000 -0.000 -0.000 - - -0.000
(-0.771) (-0.410) (-0.497) (-0.860)

A7SEO -0.000 -0.000 -0.000 - - -0.000
(-0.695) (-0.006) (-0.006) (-0.695)

A7A5 -0.002 0.000 - - - 0.000
(-0.724) (0.077) (0.077)

A52 -0.007 -0.005 - - - -0.007
(-0.889) (-0.636) (-0.889)

D35 0.018 0.018 - - - 0.018
(0.211) (0.211) (0.211)

D35A5 0.034 0.034 - - - 0.034
(1.344) (1.344) (1.344)

D35PA5 0.041 0.041 - - - 0.041
(2.155) (2.155) (2.155)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.
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average ratio of total labor cost to restricted profit for all unedu-
cated farms. The coefficients Otc E and c, E6 on ES and E6 in the
chemical inputs share function may be similarly interpreted. The
estimating equations for the nonchemical farms are similar:

ln Hrik = ln Ai + cL ln Wik + PK* ln Kik + T ln Tik

+ 1= 2 8,Rikl + 6EEXTik + EE5E 5 ik

- WikLikln'ik = a 5E5ik + nJL E6E 6
ik (V i, k).

Given the assumption of price-taking behavior on the part of the
farm households and the short-run fixity of the quantities of capital
and land, the farm's decision variables are the quantity of output
and the quantities of the variable inputs. The price of output and the
prices of the variable inputs as well as the quantities of the fixed
inputs are predetermined and are not affected by the action of any
one farm in the short run. Consequently, the quantities of output
and variable inputs are jointly dependent variables, and the prices
of output and variable inputs and the quantities of fixed inputs are
the predetermined variables in the model. Because of the profit
identity, namely, that profit is equal to current revenue less current
variable costs, an alternative set of jointly dependent variables
consists of normalized profit and expenditures on each of the vari-
able factors of production. It is clear that, given the predetermined
variables, there is a one-to-one correspondence between normal-
ized profit and expenditures on each variable factor of production,
and the quantities of output and of each of the variable factors of
production. Thus, in the estimating equations, the variables on the
left-hand side are the jointly dependent variables, and those on the
right-hand side include only the predetermined variables.

Under these conditions, ordinary least squares applied to each of
the equations separately will be consistent. These estimates may in
general not be efficient, however. Little is known about how the
stochastic disturbance terms in general should be introduced into
economic relations, although Hoch (1958), Mundlak and Hoch
(1965), and subsequently Zellner, Kmenta, and Dreze (1966) have
proposed one assumption that is compatible with the Cobb-Douglas
case. Here, an additive error with zero expectation and finite
variance is assumed for the normalized profit equation and for each
of the factor share equations. In his pioneering study of cost func-
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tions, Nerlove (1960) derives an additive error to the natural loga-
rithm of the cost function. The same can be done here for the profit
function, using similar assumptions: namely, that farms maximize
profits subject to unknown exogenous disturbances. The additive
error in the factor share equations may arise from different abilities
to maximize profits or divergence between expected and realized
prices. A similar stochastic specification is used by Arrow, Chenery,
Minhas, and Solow (1961) in their equation for estimating the
elasticity of substitution. Here it is assumed that for the same farm
the covariance of the errors of any two of the equations is permitted
to be nonzero. However, the covariarices of the errors of any two
equations corresponding to different farms are assumed to be iden-
tically zero. Given this specification of errors, Zellner's estimator
for seemingly unrelated regressions is asymptotically efficient and
is used here. These equations are estimated first without any
prior restrictions on the parameters. Then additional restrictions
are successively imposed corresponding to the following three
hypotheses:

a. The educated farmers maximize profits.
b. The uneducated farmers maximize profits.
c. Both the educated and the uneducated farmers maximize

profits.

The regressions for the chemical farms are reported in Table 6-5.
The regressions for the nonchemical farms are reported in Table
6-6. For both groups of farms, profit maximization by the educated
farmers implies that the wage coefficient in the profit function
should be equal to the E5 coefficient in the wage share function. If
the two coefficients are not equal, it implies that the educated
farmers have not maximized profits. Profit maximization by the
uneducated farmers implies that the wage coefficient in the profit
function should be equal to the E6 coefficient in the wage share
function. If the two coefficients are not equal, it implies that the
uneducated farmers have not maximized profits. Profit maximiza-
tion on the part of all farmers, educated and uneducated, within
each group, implies that all three coefficients are equal. In addition,
for the chemical farms, profit maximization by the educated and
uneducated farmers further implies that the chemical input price
coefficient in the profit function should be equal to, respectively, the
ES and E6 coefficients in the chemical input share function. Profit



Table 6-5. Regressions of Profit Functions for Thai Chemical Wet Season Rice Farms
(sample = 91)

In 11 = In A* + ol* In W + et* In PCN + P3 In K + *T In T + 14 b,R; + 8ExK EXT + EE 5 E5

- WL/H = a*LF5 E5 + aL k6 E6; -PCN,XCNIH =CE5 E5 + ao,E6 E6

Restricted

~~~~Zj ~~~~~~~~~Single
Independent equation Unrestricted a L = aL,E5 a L = L,E6 aL = *L,E5 = L,E6

variable OLS estimates Oa = aCE5 a = aC,E6 ac= aC.E5 = aC.E6

Profit function

Constant (In A) 8.911 7.550 7.465 7.483 7.402
(10.29) (10.74) (20.13) (17.65) (23.06)

Labor wage (o4*) -1.081 -0.594 -0.581 -0.609 -0.576
(-3.504) (-2.379) (-5.785) (-4.200) (-6.444)

Chemical input price (ac) -0.355 -0.179 -0.116 -0.087 -0.103
(-4.294) (-2.672) (-5.108) (-2.550) (-5.088)

Capital (nc) 0.082 0.058 0.052 0.052 0.052
(1.036) (0.901) (0.857) (0.854) (0.847)

Land (p*T) 0.853 0.804 0.787 0.781 0.784
(9.845) (11.46) (12.08) (11.86) (12.03)



R2 -0.693 -0.413 -0.375 -0.383 -0.367

(-4.159) (-3.062) (-3.282) (-3.195) (-3.238)

R3 -0.259 -0.181 -0.223 -0.277 -0.227
(-1.236) (-1.067) (-1.498) (-1.824) (-1.527)

R4 -0.012 0.083 0.076 0.063 0.077
(-0.054) (0.456) (0.475) (0.383) (0.488)

E5 (education, A5 > 0) 0.180 0.175 0.174 0.208 0.223
(1.431) (1.424) (1.434) (1.753) (2.327)

EXT (1 if extension services -0.252 -0.109 -0.093 -0.097 -0.091

available; 0 otherwise) (-2.007) (-1.078) (-0.991) (-1.015) (-0.973)

Wage share function

E5 (education, A5 > 0) -0.576 -0.576 -0.581 -0.576 -0.576

(-5.047) (-5.047) (-5.785) (-5.046) (-6.444)

E6 (education, AS = 0) -0.548 -0.548 -0.548 -0.609 -0.576

w (-2.794) (-2.794) (-2.794) (-4.200) (-6.444)

Chemical input share function

E5 (education, A5 > 0) -0.112 -0.112 -0.116 -0.112 -0.103
(-4.640) (-4.640) (-5.108) (-4.294) (-5.088)

E6 (education, A5 = 0) -0.061 -0.061 -0.061 -0.087 -0.103

(-1.460) (-1.460) (-1.390) (-2.550) (-5.088)
R2 0.635 - - -

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.



Table 6-6. Regressions of Profit Functions for Thai Nonchemical Wet Season Rice Farms
(sample = 184)

In l = In A + oL In W + PK* in K + ,Br in T + V- 2 8jRj + 8ExT EXT + FEb E5

-WL/II = caj FS E5 + aLE6 E6

Restricted

Single* * * * * *

Independent equation Unrestricted a L = aL,E5 aO a *L,F6 aL = aL,E5

variable OLS estimates aL= (L,E6

Profit function

Constant (In A) 8.167 6.960 6.991 7.215 7.165
(20.78) (22.29) (30.40) (28.76) (34.36)

Labor wage ((xl) -0.912 -0.471 -0.496 -0.564 -0.543
(-6.184) (-4.058) (-7.141) (-5.999) (-8.434)

Capital (P3K) 0.000 0.042 0.047 0.044 0.047
(0.010) (1.061) (1.236) (1.137) (1.210)

Land (P3T) 0.789 0.812 0.811 0.807 0.808
(13.65) (17.82) (18.65) (18.06) (18.48)



R2 -0.424 -0.306 -0.301 -0.313 -0.307
(-5.562) (-5.088) (-5.281) (-5.327) (-5.366)

R3 -0.230 -0.209 -0.213 -0.218 -0.217
(-1.809) (-2.089) (-2.230) (-2.218) (-2.254)

R4 --0.357 -0.284 -0.291 -0.304 -0.300
(-3.110) (-3.140) (-3.428) (-3.452) (-3.520)

E5 (education, AS > 0) 0.168 0.159 0.171 0.104 0.095
(2.246) (2.145) (2.311) (1.568) (1.669)

EXT (I if extension services 0.147 0.142 0.142 0.143 0.143
available; 0 otherwise) (2.324) (2.839) (2.967) (2.908) (2.958)

Wage share function

E5 (education, AS > 0) -0.540 -0.540 -0.496 -0.540 -0.543
(-6.080) (-6.080) (-7.141) (-6.080) (-8.434)

E6 (education, AS = 0) -0.788 -0.788 -0.788 -0.564 -0.543
(-4.752) (-4.752) (-4.751) (-5.999) (-8.434)

R2
0.654 - -

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.
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maximization by all chemical farmers-educated and unedu-
cated-implies that all three coefficients are equal.

F tests were used for each of the hypotheses, and the results are
summarized in Table 6-7. It is evident from Table 6-7 that at any
conventional level of significance, the hypothesis that all farms-
chemical and nonchemical, educated and uneducated-maximize
profits subject to their respective production functions cannot be
rejected. In fact, to obtain a rejection, the level of significance has to
be 0.25, which implies that there is one chance in four that a true
hypothesis may be falsely rejected. For this sample of Thai farms we
therefore conclude that differences in education do not lead to
differences in the ability to maximize profits. In other words, the
allocative efficiency of a farm does not appear to depend on its level
of education.

We should add a caveat here that what we have analyzed is the
ability of farmers to maximize profits, given that the farmers have
chosen the traditional or the new technology. The individual levels
of the technology may also depend on the characteristics of the
farmers and the economic environment. We cannot reject the
hypothesis that farmers do maximize profits given their individual

Table 6-7. Tests of Profit Maximization
for Thai Chemical and Nonchemical Farms

Degrees Critical values at given
gorfeeI Computed levels of significance

Hypothesis freedom F 0.25 0.1

Chemical farms (sample = 91)
(1) Profit maximization (2,259) 0.454 1.39 2.30

by educated farms
(2) Profit maximization (2,259) 1.251 1.39 2.30

by uneducated farms
(3) Profit maximization (4,257) 1.431 1.35 1.94

by all farms

Nonchemical farms
(sample = 184)
(1) Profit maximization (1,357) 0.225 1.32 2.71

by educated farms
(2) Profit maximization (1,357) 2.500 1.32 2.71

by uneducated farms
(3) Profit maximization (2,356) 1.288 1.39 2.30

by all farms
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technologies. We have not, however, analyzed whether farmers
have chosen their technology-traditional or new-in a manner
consistent with maximizing their profits. This latter question is
examined in Chapter 7. There is in fact some indication that some of
the farmers may not have chosen the technology that maximizes
profits for them, although given their choice of technology, they do
manage to maximize profits.

Returning now to Tables 6-5 and 6-6, the estimates are examined
with the profit-maximization hypothesis maintained, that is, the
estimates of the last columns. They suggest that for chemical farms,
education enhances profitability by 22 percent and that the effect is
statistically significant. Agricultural extension, which has a nega-
tive effect of approximately 9 percent, is no longer statistically
significant. For nonchemical farms, education enhances profitabil-
ity by 9 percent, and agricultural extension enhances profitability
by 14 percent. The education coefficient, however, is statistically
significant only at the 10 percent level of significance. The agricultu-
ral extension variable is quite statistically significant.

The estimated normalized profit functions should also be verified
as being nonnegative, monotonically decreasing in the normalized
prices, and convex in the normalized prices, that is, they satisfy all
the requirements of a normalized profit function. This implies the
following restrictions on the estimated parameters:

Ott - °

.C* - 0.

The last columns of Tables 6-5 and 6-6 show that both estimated
normalized profit functions have all of the required properties,
providing further confirmation of the hypothesis of profit max-
imization.

These results based on restricted estimation are broadly consis-
tent with our previous findings based on the estimation of the actual
normalized profit function alone. There are, however, also signifi-
cant differences. For the chemical farms, the estimated effect of
education remains unchanged at approximately 20 percent. The
estimated effect of agricultural extension is increased from -25 to
-9 percent and becomes statistically insignificant in the process.
For the nonchemical farms, the estimated effect of education is
reduced from 17 to 9 percent. The estimated effect of agricultural
extension remains essentially unchanged at between 14 and 15
percent.
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We do not argue that the restricted estimates are necessarily
better than the unrestricted estimates, although the restricted esti-
mators are asymptotically more efficient than the unrestricted esti-
mators if the maintained hypothesis is true. In any case, the differ-
ences in the estimates are not sufficiently strong to affect the broad
conclusion that education and agricultural extension do matter,
although their effects on different groups of farms may differ.

We also experimented with alternative groupings of the farm
households based on different educational classifications, such as
putting those with less than 4 years of education into one group and
those with 4 or more years of education into another group. Since
the regression results for these alternative groupings are not quanti-
tatively very different, we shall not report them here. They are in
the technical annex to this study, which is available from the au-
thors.

What can one conclude from this analysis? First, the empirical
results suggest that given the choice of technology-traditional
(using nonchemical inputs) or new (using chemical inputs)-
whether the head of household had any formal education does not
affect the level of allocative efficiency. All farmers, educated or
uneducated, appear to have maximized profits. Second, again given
the choice of technology, educated farmers had on average higher
profits than uneducated farmers, other things being equal, which
suggests that educated farmers must have a higher level of technol-
ogy than the uneducated farmers. And since both educated and
uneducated farmers maximize profits, it also implies that the edu-
cated farmers have higher relative economic efficiency. Third,
again given the choice of technology, the availability of agricultural
extension has a positive effect on the profits of nonchemical farms
but a negative albeit statistically insignificant effect on the profits of
chemical farms.

Comparison of production and profit functions

It is useful to compare the estimated effects of education and
agricultural extension on production and profit functions. Table
6-8 has been compiled from the results from the best-fitting regres-
sions of Chapter 5 and the restricted profit function regressions
from Tables 6-5 and 6-6 and gives the effects of education on a
yearly basis. (The average number of years of education of the head
of household for educated chemical farms is 4.20, and the corre-
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Table 6-8. Estimated Effects of Education and Agricultural
Extension for Thai Chemical and Nonchemical Farms
(percent)

Profit
function Profit

Independent Production (single function
variable function equation) (restricted)

Chemical farms (sample = 91)
Education (per year) 0.026-0.031 0.043 0.053

(1.431) (2.327)
Agricultural extension -0.12 -0.252 -0.091

(-2.007) (-0.973)

Nonchemical farms (sample = 184)
Education (per year) 0.024 0.043 0.024

(2.246) (1.669)
Agricultural extension 0.085 0.147 0.143

(2.324) (2.958)

Note: Numbers in parentheses are t ratios.

sponding number for educated nonchemical farms is 3.87.) The
magnitudes of the effects, however, are not directly comparable
between the production function estimates and the profit function
estimates. In general, as was shown earlier, a 1 percent change
in productivity translates into a more than 1 percent change in
profitability.

It is evident from Table 6-8 that the results are quite consistent in
terms of the direction of effects between the production and profit
function estimates, despite differences in the underlying assump-
tions on the nature of the stochastic disturbances. Education has a
positive and statistically significant (at the 10 percent level) effect
on both chemical and nonchemical farms, and its effect is higher for
chemical than for nonchemical farms. This latter finding is consis-
tent with Schultz's hypothesis on the importance of ability and
knowledge in a changing environment. Agricultural extension,
however, has a positive and statistically significant effect only on
the nonchemical farms. Its effect on the chemical farms is consis-
tently negative, but not statistically significant. Further, the effect
of agricultural extension on nonchemical farms is at least three
times that of 1 year of formal education-a surprisingly large differ-
ence indeed.

Given the parameters of the actual normalized restricted profit
function, a unique set of estimates ol the parameters of the under-
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lying production function can be obtained as discussed in the begin-
ning of this chapter. This has been done for Thailand separately for
the chemical and the nonchemical farms using the estimates in the
last columns of Tables 6-5 and 6-6. These indirect estimates are
compared with the direct estimates in Table 6-9. The two sets of
estimates are quite different: the indirect estimates imply a higher
production elasticity for labor and lower production elasticities for
the fixed inputs, especially land. Strictly speaking, the estimates are
not directly comparable because the stochastic specifications that
underlie the production and normalized profit function estimations
are fundamentally different. On the one hand, it is assumed that the
stochastic disturbances are additive in the logarithms to output. On
the other hand, it is assumed that the stochastic disturbances are
additive to the logarithms of normalized restricted profit and to the
factor shares. Our results therefore suggest that the production
elasticity estimates may be quite sensitive to the stochastic spec-
ification. The directions of the estimated effects of education and
extension, however, do not appear to be as sensitive to the stochas-
tic specification. For both the chemical and the nonchemical farms,

Table 6-9. Production Elasticities
for Thai Chemical and Nonchemical Farms

Independent
variable Direct Indirect

Chemical farms (sample = 91)
Labor 0.297 0.343
Chemical inputs 0.071 0.061
Capital 0.037 0.031
Land 0.524 0.467
Education (1, if educated; 0.124 0.133

0, otherwise)
Extension (1, if available; -0.119 -0.054

0, otherwise)

Nonchemical farms (sample 184)
Labor 0.261 0.352
Capital 0.135 0.030
Land 0.601 0.524
Education (1, if educated; 0.098 0.061

0, otherwise)
Extension (1, if available; 0.085 0.092

0, otherwise)
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the indirect estimates are the same as the direct estimates in terms
of their signs. In magnitudes, the indirect estimates are comparable
with the direct estimates, except for the extension coefficient for
chemical farms. The indirect estimate of the extension coefficient
for chemical farms is -0.05, which may be compared with a direct
estimate of -0.12.

Tests of the neutrality of the effect of education

Our profit function analysis is based on the maintained hypoth-
esis that the production function of the educated and uneducated
farms differ by only a multiplicative technological level parameter:

Y, = A1F(XI); Y 2 =- A2F(X2)

that is, the effect of education on productivity is neutral. This
hypothesis implies that the normalized profit functions of the edu-
cated and uneducated farms will have the form

fl, = AIG(pIA 1 ); 112 =: A2 G(p2lA2).

Under the additional assumption that F( ) is Cobb-Douglas in
form, then Il(Q ) and H2( ' ) differ only by a scalar multiplier, as
shown in the beginning of this chapter. In other words, the profit
elasticities with respect to the normalized prices of the variable
inputs and the quantities of the fixed inputs will be the same for
educated and uneducated farms, that is, the effect of education on
profitability is also neutral.

To further assess the restrictiveness of this neutrality assumption
for Thai farms, the farms that chose the same technology, say, those
using chemical inputs, are subdivided into educated and unedu-
cated farms. Chow (1960) tests are performed of the hypothesis that
the profit elasticities of the educated and uneducated farms are the
same. As in the case of Chapter 5, all characteristic variables, except
the education of the head of household and the availability of
agricultural extension, are dropped. Then separately for the edu-
cated and uneducated farms, profit functions of the form

l1 H = OL Iln W + ac` ln PCN + PK In K - T ln T

+ 1= I 8RIRI + 8E*TEXT (i = E, NE)

where the superscripts E and NE stand for the educated and unedu-
cated farms, respectively, are estimated. The educated and unedu-
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cated farms are then pooled, and new regressions are estimated. In
these regressions, first, the profit elasticities with respect to the
normalized prices of the variable inputs and quantities of the fixed
inputs are constrained to be the same for educated and uneducated
farms; second, all the elasticities and the coefficients corresponding
to the regional dummy variables are constrained to be the same;
and, third, all the elasticities and the coefficients of the regional
dummy variables and the coefficients of the extension variable are
constrained to be the same. This process is repeated for the
nonchemical farms in Thailand.

The results of these Chow tests are presented in Table 6-10. It is
apparent from Table 6-10 that at a level of significance of 0.05 the
hypothesis that the effect of education on productivity is neutral for
the chemical farms cannot be rejected on the basis of the estimated
profit functions. For the nonchemical farms, however, the hypoth-
esis of neutrality can be rejected at a level of significance of 0.05
(although not at 0.01). This finding is not completely consistent with
our finding in Chapter 5, using estimated production functions, that
the effect of education on productivity appears to be neutral. We
thus conclude that for the nonchemical farms, our results may be
sensitive with respect to our assumption of neutrality.

Table 6-10. Tests of the Neutrality of Education's Effect
on Productivity for Thai Chemical and Nonchemical Farms

Degrees Critical values at given
of Test levels of significance

Hypothesis freedom statistic 0.10 0.05 0.01

Chemical farms
(sample = 91)
(1) (4,71) 1.07 2.02 2.51 3.58
(2) (8,71) 1.33 1.75 2.07 2.75
(3) (9,71) 1.43 1.71 2.01 2.69

Nonchemical farms
(sample = 184)
(1) (3,166) 3.07 2.10 2.65 3.90
(2) (7,166) 2.20 1.75 2.06 2.74
(3) (8,166) 1.95 1.70 1.99 2.61

Note: Hypotheses are given in Table 6-7.
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Summary

Our results from the production function and profit function
analyses indicate that education has a positive effect on the tech-
nological levels of both chemical and nonchemical farms in Thai-
land equal to between 12 and 13 percent for chemical farms and
between 6 and 9 percent for nonchemical farms. This finding lends
further support to Schultz's thesis that the effect of education is
more substantial in a changing environment. Since the average
number of years of schooling among chemical and nonchemical
farmers with formal education is, respectively, 4.2 and 3.9, the
estimated effects may be approximately translated into 3 percent a
year for chemical farms and 1.5 to 2.3 percent a year for nonchem-
ical farms. Agricultural extension, however, is found to have a
negative effect on the technological level of chemical farms of be-
tween -5 and -12 percent, but a positive effect on the technologi-
cal level of nonchemical farms of 9 percent.

Market Efficiency of Thai Farms

Market efficiency is defined as the ability to obtain the highest net
sale price for the outputs and the lowest net purchase price for the
inputs (Chapter 3).5 In any market there is usually a distribution of
prices for essentially the same commodity, centered around some
mean price. The dispersion of prices from the mean is attributable
to differences in access to information, differences in the ability to
use information, and differences in the qualities of the commodity.
If every farm household has the same information and the same
ability to use the information, and if there is no difference in qual-
ity, the price should be the same for all farm households, apart from
transport costs.

To the extent that the market is not perfect, however, the access to
and the ability to use information will make a difference. It is
hypothesized that better educated farm households will on average

5. It is possible to consider a more generalized notion of market efficiency than one
defined narrowly in terms of price advantage in the market; advantages of timing,
convenience, and small gifts are other possible dimensions of gain. Belshaw (1965, p.
56) provides an engaging example of these practices within Haitian markets.
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receive higher net prices for their outputs and pay lower net prices
for their variable inputs. Education enhances a farmer's ability to
know his alternatives, to know when and where to buy and sell. A
better educated farmer is more likely to know what prices are likely
to prevail in equilibrium, and can therefore become a better bar-
gainer. He may also have a finer discrimination of quality differ-
ences and be able to judge quality more accurately.

Education is, however, not the onlv factor that may influence
market efficiency. A farmer's age, prior experience in farming, sex,
availability of storage, availability of agricultural extension, and
availability of credit may all play a role in determining the prices
received and paid by the farmer.

Education, and generally better information, may also affect
market efficiency by narrowing the dispersion of prices received
and paid by the farmers. If this were true, then one observable
implication, in addition to higher net price received and lower net
price paid on average, is that the net prices received and paid by the
educated farmers as a group should vary less than those for unedu-
cated farmers. This thus constitutes another dimension of market
efficiency in which education may play a role.

Differences in individual market efficiency arise only because the
market as a whole is not perfect. If the market were perfect, all
commodities would be bought and sold at single prices. There
would then not be a distribution of prices for the same commodity,
and every farm household would have the same degree of market
efficiency.

Table 6-11 shows the means and variances of the prices received
and paid by the sample of Thai farmers, disaggregated by whether
the head of household was educated. On the one hand, prices re-
ceived by the educated farmers were on average higher than those
received by uneducated farmers, but the prices paid by the edu-
cated farmers were also higher. On the other hand, the variances in
the prices received and paid by the educated farmers do seem to be
equal to or lower than the corresponding variances of the unedu-
cated farmers. These initial findings are not completely in accord
with our expectations. Thus, a more detailed analysis of the inter-
farm differences in prices is needed.

Empirical implementation

The empirical method used to further study market efficiency is
multiple regression analysis. The three prices-price of output,
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Table 6-11. Prices Received and Paid by Thai Farmers

Kind of farn Mean Variance

Price of output (bahts per kilogram)
Educated farms 1.215 0.024
Uneducated farms 1.169 0.023
All farms 1.180 0.023

Price of labor (bahts per day)
Educated farms 1.215 4.674
Uneducated farms 1.169 5.818
All farms 1.180 5.532

Price of chemical inputs (bahts per kilogram)
Educated farms 6.076 13.435
Uneducated farms 5.538 15.863
All farms 5.940 13.935

price of labor, and price of chemical inputs-are regressed on inde-
pendent variables such as regional dummies, education, chemical
or nonchemical dummies, age, sex, availability of extension, and
availability of credit.

It is hypothesized that the price of output should depend posi-
tively on education and positively on the use of chemicals (because
the output will have higher quality). It should relate positively to
age (reflecting experience), availability of credit, and possibly the
availability of extension.

It is also hypothesized that the price of labor should be negatively
related to education and positively related to the use of chemical
inputs (because use of chemical inputs is likely to require higher
quality labor). It should also relate negatively to age (again reflect-
ing experience). The directions of the effects of the other indepen-
dent variables cannot be unambiguously specified.

Finally, it is hypothesized that the price of chemical inputs should
be negatively related to education. Age, however, will be less rel-
evant because chemical inputs are essentially new inputs. Again,
the directions of the effects of the other independent variables
cannot be unambiguously specified.

PRICE OF OUTPUT. The regressions of the price of output are
summarized in Table 6-12. On the one hand, the negative coef-
ficients on the education dummy variable E5 (more than 0 year)
indicate that the price received by a farmer is negatively related to
whether he had formal education, contrary to our expectation.



Table 6-12. Regressions of the Price of Output for Thai Farms
(sample = 275)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R*2 2 R*2 of highest

variable estimate estimate (0.108) (0.077) (0.048) t ratio
0N

Region 1 0.871 1.212 0.884 0.899 0.898 1.158
(8.163) (47.11) (8.352) (9.831) (9.808) (60.06)

Region 2 0.859 1.212 0.870 0.885 0.885 1.158
(7.984) (58.66) (8.168) (9.502) (9.495) (82.31)

Region 3 0.936 1.286 0.944 0.959 0.962 1.226
(8.489) (37.70) (8.651) (9.970) (10.00) (40.67)

Region 4 0.861 1.200 0.872 0.887 0.888 1.154
(8.049) (39.20) (8.188) (9.566) (9.569) (41.62)

A5 (education of head of house- -0.080 -0.012 -0.009 -0.010 - -0.012
hold) (years) (--0.946) (-1.342) (-1.135) (-1.211) (-1.342)

A6 (average education) 0.000 0.004 0.004 - - 0.004
(years) (0.010) (0.590) (0.590) (0.590)

A7 (age of head of household) 0.000 0.001 0.000 - - 0.001
(years) (0.242) (2.017) (0.289) (2.017)



ES (education, -0.009 -0.056 - - - -0.056
A5 > 0) (-1.055) (-2.562) (-2.562)

E7 0.002 0.054 0.051 0.048 0.007 0.054
(0.062) (1.151) (1.103) (1.070) (0.230) (1.151)

E8 -0.025 0.023 0.020 0.017 -0.021 -0.024
(-0.892) (0.532) (0.474) (0.407) (-0.809) (-0.900)

E9 0.093 0.126 0.124 0.124 0.124 0.126
(2.357) (3.196) (3.162) (3.158) (3.160) (3.198)

EC 0.040 0.052 - - - 0.052
(2.021) (2.691) (2.691)

EXT (I if extension services 0.017 0.029 - - 0.029
available; 0 otherwise) (0.896) (1.539) (1.539)

CR (I if credit taken or 0.008 0.025 - - - 0.025
available; 0 otherwise) (0.376) (1.143) (1.143)

HM (I if male; 0 if female) 0.206 0.286 0.284 0.286 0.286 0.286
(2.326) (3.228) (3.195) (3.229) (3.223) (3.229)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.
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Although this may seem paradoxical, we shall attempt to explain it
below. On the other hand, the positive coefficients on the chemical
inputs dummy variable EC indicate that the price received by a
farmer is positively related to whether he used chemical inputs.
This, as has been argued earlier, is consistent with the hypothesis of
a higher quality of output produced by a farm that used chemical
inputs. A further examination through dummy variables E7, E8,
and E9 reveals that the price of output received is on the average
higher by 12 percent for a farm that used chemical inputs but whose
head had no education compared with all other farms, including
farms that used chemical inputs but whose heads had education.
This may have resulted from a higher quality of output produced on
farms using chemical inputs. In addition, educated farmers may be
more likely to produce varieties that are perhaps less expensive per
unit of output but that nevertheless result in higher profits ,6 There is
strong evidence, however, that the price received by a male head of
household is substantially and statistically significantly higher
than that received by a female head of household. The other vari-
ables, such as education of the head of household, average educa-
tion of the adult household members, agricultural extension, and
credit availability do not seem to figure significantly. The age vari-
able is statistically significant in some regressions and has the
expected positive sign.

Our interpretation of the somewhat unexpected negative associa-
tion between the price received for the output and the level of
education is that it reflects the quality of the output. It is hypothe-
sized that the farmers with higher education produced a quality of
rice that, while more profitable at the existing price configurations,
nevertheless was less preferred by the consumers. This phe-
nomenon is not an uncommon one, since new varieties (which
presumably require less input for a given quantity of output) are
generally less willingly accepted by consumers. The proof of this
hypothesis awaits further fieldwork to determine whether there are
any objective differences in the quality of output.

PRICE OF LABOR. The regressions of the price of labor are summa-
rized in Table 6-13. The price of labor paid by the farmers is
positively and statistically significantly related to whether they

6. Alternatively, one may argue that education may inhibit bargaining, but the
empirical evidence on this point is rather scanty.
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used chemical inputs. This is probably due to the higher quality of
labor that would be required to apply chemical inputs. Education
does not seem to be a statistically significant factor overall,
although the average education of the farm household occasionally
has a marginally statistically significant negative effect. This is
again consistent with the general hypothesis that the use of chem-
ical inputs requires higher quality labor. When family labor is
better educated, the price of labor paid can be lowered.

PRICE OF CHEMICAL INPUTS. The regressions of the price of chemical
inputs are reported in Table 6-14. The price of chemical inputs paid
by farmers appears to be marginally statistically significantly
higher for educated farmers than for uneducated farmers on occa-
sion. The explanation of this phenomenon is not known, although it
is consistent with the effect of education on the price of output. (Are
we to infer that educated farmers are too polite to bargain?) It may
also have been caused by the differences in the composition of the
chemical inputs used by the educated and uneducated farmers. It
does seem, however, that male heads of households paid on average
much less for chemical inputs than female heads of households, an
effect consistent with what was found in the price of output regres-
sions. The only persistently statistically significant effect is the
substantial negative influence of the availability of agricultural
extension. This is consistent with the earlier interpretation that the
agricultural extension service is interested in promoting the use of
chemical inputs. But another explanation is that the agricultural
extension service has done such a successful job that the farmers
know not to pay any more than necessary for their chemical inputs.
The availability of credit is occasionally statistically significant and
always has a positive sign. The reason is possibly that the availabil-
ity of credit enhances a farmer's ability to use higher-priced-
possibly also higher-quality-chemical inputs.

Explanatory power of price regressions

The explanatory power of these price regressions is very low
compared with the production function and the profit function
regressions. Only 10 percent of the variation in the prices of output,
18 percent of the variation in the price of labor, and 18 percent of the
variation in the price of chemical inputs can be accounted for by
these regressions. This implies that a substantial proportion of the



Table 6-13. Regressions of the Price of Labor for Thai Farms
(sample = 275)

Maxirmum Maximum Maximum Estimate
Independent Minimum Maximum R2 o2 R*2 of highest

variable estimate estimate (0.178) (0.150) (0.134) t ratio

Region 1 10.16 11.39 10.90 10.28 10.73 10.73
(15.29) (21.40) (16.13) (21.49) (38.86) (38.86)

Region 2 8.627 9.854 9.402 8.810 9.197 9.197
(6.211) (20.20) (15.35) (22.31) (45.66) (45.66)

Region 3 9.068 10.32 9.780 9.186 9.626 9.626
(12.28) (16.21) (12.97) (15.86) (22.29) (22.29)

Region 4 7.670 8.68 8.276 7.799 8.139 8.139
(10.90) (15.80) (13.80) (15.71) (20.49) (20.49)

A5 (education of head of house- -0.052 -0.139 -0.053 - - 0.138
hold) (years) (-0.387) (-1.124) (-0.410) (-1.126)

A6 (average education) -0.150 -0.175 -0.150 - - -0.175
(years) (-1.348) (-1.710) (-1.353) (-1.710)

A7 (age of head of household) -0.003 0.009 - - - 0.009
(years) (-0.210) (0.840) (0.840)



E5 (education, -0.072 -0.230 -0.229
A5 > 0) (-0.179) (-0.710) (-0.712)

E7 0.987 1.574 1.388 - - 1.214
(2.040) (2.332) (2.071) (2.717)

E8 -0.132 0.394 0.206 - - 0.394
(-0.278) (0.650) (0.338) (0.650)

E9 1.098 1.267 1.111 - - 1.267

(1.922) (2.182) (1.949) (2.182)

EC 1.143 1.181 - 1.151 1.169 1.176
(4.065) (4.173) (4.132) (4.198) (4.202)

EXT (I if extension services -0.109 0.123 - - - 0.123

available; 0 otherwise) (-0.396) (0.447) (0.447)
CR (I if credit taken or 0.279 0.408 - - - 0.408

available; 0 otherwise) (0.881) (1.289) (1.289)
HM (1 if male; 0 if female) -0.019 0.552 - - - 0.552

(-0.014) (0.419) (0.419)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.



Table 6-14. Regressions of the Price of Chemical Inputs for Thai Farms
(sample = 91)

Maximum Maximum Maximum Estimate
Independent Minimum Maximum R2 o2 R*2 of highest

- variable estimate estimate (0.183) (0.112) (0.049) t ratio

Region 1 2.395 3.039 2.672 2.620 2.775 2.733
(13.16) (14.79) (14.38) (16.24) (27.79) (42.09)

Region 2 2.377 3.069 2.656 2.611 2.770 2.741
(13.44) (14.69) (15.15) (16.75) (32.53) (69.83)

Region 3 2.554 3.248 2.858 2.816 2.961 2.905
(14.00) (14.75) (15.42) (16.58) (24.43) (34.04)

Region 4 2.312 2.860 2.598 2.544 2.692 2.563
(12.95) (14.12) (13.39) (15.05) (22.87) (27.16)

A5 (education of head of house- -0.016 0.019 -0.010 - - 0.019
hold) (years) (-1.074) (1.384) (-0.561) (1.384)

A6 (average education) 0.022 0.038 0.035 0.027 0.023 0.038
(years) (0.947) (1.677) (1.526) (1.483) (1.282) (1.677)

A7 (age of head of household) 0.001 0.004 0.002 0.003 _ 0.004
(years) (0.447) (1.283) (0.793) (1.213) (1.283)



E2 (education, -0.093 -0.017 -0.093
0 <A5 < 4) (-0.809) (-0.141) (-0.809)

E3 (education, -0.039 0.033 - - -0.039
AS = 4) (-0.581) (0.423) (-0.581)

E4 (education, 0.084 0.263 - - - 0.263
AS > 4) (0.612) (1.768) (1.768)

E5 (education, -0.036 0.034 - - - -0.036
A5 > 0) (-0.541) (0.433) (-0.541)

EXT (I if extension services -0.172 -0.203 -0.196 -0.185 -0.183 -0.203
available; 0 otherwise) (-2.638) (-3.104) (-2.988) (-2.953) (-2.902) (-3.104)

CR (I if credit taken or 0.145 0.172 - - - 0.172
available; 0 otherwise) (1.737) (2.173) (2.173)

HM (I if male; 0 if female) -0.304 -0.361 - - - -0.361
(-1.467) (-1.726) (-1.726)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.



194 EMPIRICAL ANALYSIS

variation in prices for all farm households remains unexplained. It
is possible that individual factors specific to each farm, such as
location, might have been important.

Summary

Our results from the empirical analyses of market efficiency do
not indicate that education has a strong effect on prices received
and paid by Thai farmers in general. For chemical farms, there is
some evidence that educated farmers received on average lower
prices for their outputs than uneducated farmers. The precise
reason for this phenomenon is unknown, although we had several
alternative hypotheses. There is also some evidence that for edu-
cated farmers the variances of the prices received and paid are
generally smaller. On the whole, however, we must conclude that
the effect of education on market efficiency as we have defined it is
rather weak.

The availability of agricultural extension services has a weak
positive effect on the prices of output received by the farmers and a
statistically significant negative effect on the prices of chemical
inputs paid by the farmers. The latter effect may be partly due to
greater availability of chemical inputs wherever agricultural exten-
sion is available.



CHAPTER 7

Education and the
Adoption of Innovation

T. W. SCHULTZ HAS ARGUED that education is likely to make a more
substantial contribution to agricultural productivity if the environ-
ment is changing rapidly. Education increases a person's awareness
of his environment and his ability to acquire and process informa-
tion about his environment and to detect changes in it. It also
enhances his ability to identify alternatives and to assess and com-
pare the benefits and costs associated with each of the alternatives,
possibly under different states of nature. Education also in general
increases the facility and speed with which new skills and tech-
niques can be learned and new alternatives, when judged desirable,
can be adopted and implemented. Thus, other things being equal, it
is eminently reasonable to expect that education will enhance the
probability of adopting a new, presumably superior, technology.

A number of previous studies have examined the effect of educa-
tion on the willingness of farmers to adopt innovations. Roy,
Waisanen, and Rogers (1969) made an early and important study in
this area. Villaume (1977, chapter 2) provides a valuable review of
this extensive literature as well as an assessment of the direct and
indirect effect of literacy on the adoption of innovations in Brazil
and India. Gerhart (1975) and Rosenzweig (1978) use empirical
techniques similar to those of this chapter to identify factors in-
fluencing the probability of farmers' adopting new varieties.
Gerhart found that in Kenya a farmer's level of education was
positively associated with the probability that he would adopt
hybrid maize varieties. Rosenzweig developed a model in which the
time cost associated with acquiring and using information was an

195
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important factor influencing the decision to innovate. He applied
the model to a sample of farmers in the Punjab, again finding that
education was positively associated with the probability of a
farmer's adopting new varieties.

In this chapter we analyze the determinants of Thai farmers' use
of chemical inputs. In our sample of Thai farms, approximately 33
percent used chemical inputs, and the remaining 67 percent did not.
We determine whether education and agricultural extension play a
significant role in the decision to adopt the technology. In addition,
other variables that may be relevant, such as the age and sex of the
head of the household and the availability of credit, are included in
the analysis.

Empirical Methods

To begin, a model of individual behavior in which the objects of
choice are discrete and dichotomous is presented. Each farm house-
hold may be described by a vector of observable characteristics,
such as location, maximum age of heads of household, sex of head of
household, maximum education of heads of household, and average
education of household members 17 to 60 years old.' These charac-
teristics affect the ability and willingness of the farm household to
adopt a new technology-in this case, a technology that uses chem-
ical inputs.

In addition to the characteristics of the farm household, the
economic environment also effects the potential benefits and costs
to the farm households of adopting a new technology. The economic
environment faced by a farm household may be described by the
quantities of capital and land, location, prices of output and vari-
able inputs, availability of agricultural extension services, and
availability of credit.

Whether a farm household adopted a new technology depends on
both its characteristics and on the economic environment it faced.
This chapter assesses the importance of household characteristics,
especially education, and public interventions in the economic en-
vironment, such as agricultural extension, in the decision to adopt
technology. We abstract from an explicit consideration of the farm

1. The term maximum is used in cases in which more than one individual is listed
as the head of household.
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household's decisionmaking process under uncertainty and partic-
ularly its attitude toward risk. To the extent that the farm house-
hold's attitude toward risk is related to the characteristics of the
farm household, it is taken into account through the characteristic
variables.

The price of chemical inputs is also included as an independent
variable even for the nonchemical farms, because it is expected to
have a significant effect on the decision to adopt technology. If the
price of chemical inputs is high, it will deter the adoption of a
technology using chemical inputs. If the price of chemical inputs is
low, it will encourage the adoption of a technology using chemical
inputs. Since the prices of the chemical inputs faced by the non-
chemical farms were not directly observed, it is assumed in the
empirical analysis that they were equal to the average price of
chemical inputs faced by the chemical farms within the same
village.

A model of dichotomous choice

The farm household had to choose between two mutually exclu-
sive and exhaustive alternatives: to adopt the new technology that
uses chemical inputs or to continue to use the traditional technol-
ogy. It is assumed that the net benefit accruing to the ith individual
farm household from using the traditional technology can be writ-
ten as a function of the characteristics of the farm household, vari-
ables representing the economic environment, and a specific house-
hold factor, in the form

UiT(Zi) = UT(Zi) + EiT

where Zi is a vector of independent variables representing the
household characteristics and the economic environment, and EiT is
a variable representing the ith household's specific preference for
the traditional technology. The function UT( - ) does not depend on
the individual household. Similarly, the net benefit accruing to the
ith individual farm household from using the new technology can
be written as a function of the same independent variables, and a
specific household factor, in the form

UiN(Zi) = UN(Z) + EiN-

The variables eiT and iN cannot be directly observed, but it is
assumed that their joint distribution over the whole population can
be described by a probability density function.
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Figure 7-1. Probability Distribution Function
for the Logistic Variate with ,u = 0 and u = 1
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It is assumed that the individual farm household compared the
net benefits accruing from the two alternatives, and chose the
alternative that gave a higher level of net benefit.2 Thus, the prob-
ability of an individual farm household drawn randomly from the
population, with characteristics and environment represented by Z,
would choose the new technology equals

Pi(NIZ) = Pi UiN(Z) > UiT(Z)M

= PAUN(Z) - UT(Z) > EiT - FiNI

It is clear that this probability depends on the difference of the
functions UN(Z) and UT(Z) and FiT - EiN. Even with an infinite
number of observations on the discrete choice behavior of the indi-
vidual farm households, these functions and random variables can-
not be identified separately. Only their differences can be identified.
The difference UN(Z) - UT(Z) is specified to be a linear function of Z,
that is,

(7.1) UN(Z) - UT(Z) = Y'Z

where y is a vector of unknown parameters. The difference in the
individual household factors

EiT - EiN- *

is assumed to be identically and independently distributed as the
logistic distribution over the population. A large value of the ran-
dom variable FiT - tiN implies that there is a small probability,
given Z, that the ith individual farm household will adopt the new
technology.

The logistic distribution function is given by

F(e*) = I - {1 + exp[(e* - ,u)/o(}- 1

= {1 + expi - (e* - 0)/j}W

where ,u and or are parameters of the distribution function. A typical
distribution function for the logistic variate is plotted in Figure 7-1.
The corresponding probability density function f(E*) is plotted in
Figure 7-2.

2. When the net benefits are equal, it is assumed that the individual farm house-
hold chooses the status quo-the traditional technology. But, as pointed out below,
the probability of the net benefits being exactly equal is zero.
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The probability of adopting a new technology under the assump-
tion that r* is distributed as the logistic distribution is given by3

P(N I Z) = P(y'Z > E *)

= P(F £ ^ y Z)

= {1 + exp[ - (y'Z - t)/(TJ}

Without loss of generality j± and a may be absorbed into -y'Z (by
adding a constant term and rescaling of the parameters), so that the
probability of adopting becomes

P(N I Z) = [I + exp - (y'Z)]l.

The probability of not adopting is of course given by

P(T I Z) = 1 - P(NZ)

= [exp - (y'Z)]/[1 + exp - (y'Z)]

= [1 + exp (y'Z)]-I.

This is the basic equation of the logit model. The relative probabili-
ties of adopting versus not adopting are given by

P(N I Z)IP(T I Z) = [1 + exp -(y'Z)] -Y/{[exp - (y'Z)]/[ 1 + exp - (-y'Z)1}

= exp -y'Z

so that

ln P(N I Z)IP(T I Z) = y'Z.

In other words, the logarithm of the relative odds of adopting versus
not adopting is equal to y'Z, a linear function of Z. This is a standard
feature of a dichotomous logit model.

Maximum likelihood estimation

The parameters y represent the effect of the independent vari-
ables Z on the probability of adoption. Our objective is to estimate
these parameters. The method of estimation used is maximum
likelihood, which is described below.

3. For the logistic distribution,
PQy'Z > E I) = Pi(y'ZŽ'E*) where Pi(y'Z = Ej*) = 0.
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Define a variable Yi which takes the value 1 if the ith individual
farm household adopted the new technology, and 0 if otherwise. Let
Zi be the vector of independent variables of the ith individual farm
household. Then the probability of Yi = 1, given Zi, is

P(Yj = I I Zi) = [I + exp- l')

The probability of Yi = 0, given Zi, is

P(Yi = 01 Z) = [I + exp(y'ZZi)]

Each variable Yi may be regarded as the result of a single trial
from a binomial distribution with the probability of success given
by P(Yi = 1 i Zi). Thus, the likelihood of the ith observation is given
by

Li P(Yi 1 Zi) iP(Y,i = 0 - Zi) i

I[1 + exp - (y'Zi)] Yi[1 + exp(y'Zi)] (I -Y)

The likelihood function for a sample of n independent observations
is given by

L = Il2= P(Yi = 1 IZdi)i[l P(Yi = 1I zi)] - Yi)

= Il7j [1 + exp - (Y'Zi)] Y{[exp - ('Z)]I
[1 + exp - (y'Zi)]}(I - Yi)

= 11=l [exp - (y'Z)]( - Yi)[1 + exp - (y'Zi)]- 

A value of y is sought such that the sample likelihood function is
maximized. Instead of maximizing the likelihood function itself,
the natural logarithm of the likelihood function is maximized:

(7.2) ln L = - 1it= I (1 - Yi)y'Zi - 1'=l ln [1 + exp - (y'Z1)].

Differentiating ln L with respect to y, and setting the derivative
equal to zero, we obtain the maximum likelihood equations,

(7.3) a ln L/day = - 2 = I (1 -Yi)Zi

+ I 1/[1 + exp -(y'Zi)] Zi

=~ I= J(Yi - 1) + 1/[1 + exp - (-y'Zt)]} Zi = 0.

Equations (7.3) may be solved by iterative methods for y, the max-
imum likelihood estimate of -y.

Differentiating In L with respect to y a second time, we obtain:

82 ln Lldydy' = - = 1/[1 + exp _ (y'Z,)]2 ZiZ.
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If the matrix of independent variables L is of full rank, then

X olxZ,Zi, where cfi = [I + exp - ('ZDi- 2 >O,Vi, will be a posi-
tive definite matrix, implying that the matrix of second derivatives
of the logarithm of the likelihood function is negative definite.4 This
ensures that a unique maximum exists for the likelihood maximiza-
tion problem. It follows that the maximum likelihood estimator of -y
as defined in equation (7.3) is consistent, asymptotically normal,
and asymptotically efficient.

Alternative specifications

In our empirical analysis the probability of adoption is specified
to be

P(Yj = I IZ,) [1 + exp - (y'Zi)]V

where y'Zj, in its most general form, is set equal to

(7.4) y'Zi = yo + yp In Poi + yL In Wi + yc In PCNi

+ YK In Ki + YT In Ti + E,=2 R,i

+ YASA
5

j + YA6A 6
j + yExTEXTi

+ YA 7A
7 j + YHmHMi + YCRCRi

where Poi is the price of the output of the ith farm, Wi and PCNi are,
respectively, the normalized wage rate and the normalized price of
chemical inputs; Ki and Ti are, respectively, the quantities of capital
and land operated by the ith farm; and Rli, EXTi, CRi, and HMi are
respectively, the values of the dummy variables corresponding to
each region, availability of agricultural extension, and availability
of credit (= 1 if available, 0 otherwise), and sex of the head of
household ( = 1 if male, 0 otherwise). A5j is the maximum number of
years of formal education of the head(s) of household, A6j is the
average number of years of formal education for each adult member

4. Note that X, I aiX'Z,ZX is a sum with positive coefficients of n nonnegative
variables. Moreover, if En= l o 1X'ZiZiX = 0 for anyX, it implies thatX'Zi = 0 for all i,
which implies thatX' 3',= ZiZiX = 0, contradicting the assumption that the matrix
of independent variables is of full rank.
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of the household, and A7j is the maximum age of the head(s) of
household.

Equation (7.4) will be referred to as specification (1). It is the basic
form of the estimating equations used in the empirical analysis.
Two other specifications were also used. In specification (2), the
formal education term, YA5A5j, is replaced by _YE5E5i, where E5i is a
dummy variable that takes the value 1 if the head of household is
educated, and 0 if otherwise. In specification (3), the formal educa-
tion term is replaced by

YE2E 2 i + YE3E 3
j + yE4E4j

where E2i is a dummy variable taking the value 1 if the head of
household has more than 0 but less than 4 years of formal educa-
tion, E3i is a dummy variable taking the value 1 if the head of
household has exactly 4 years of formal education, and E4i is a
dummy variable taking the value 1 if the head of household has
more than 4 years of formal education. The purpose of these alterna-
tive specifications is to explore the possibility of a nonlinear or
threshold effect of education on the decision to adopt.

One possible specialization of the function UN(Zi) - UT(Zi) = Y'Zi
is to assume that it is linear in the difference between the natural
logarithm of the profits of the two alternative technologies.5 Thus,

UN(Zi) - UT(Zi) = ln HN(Zi) - ln Hr(Zi)

where lN*(Zi) and HT*(Zi) are, respectively, the nominal profit func-
tions of the new technology and the traditional technology. Under
the assumption that the output prices faced by the ith farm are the
same under the new or the traditional technology, this is in turn
equal to

ln rN(Zi) - ln HT(Zi)

where HN(Zi) and HT(Zi) are, respectively, the normalized profit
functions of the new technology and the traditional technology.

Under our assumptions of Cobb-Douglas production functions,
each of the logarithmic normalized profit functions is a linear func-
tion in the natural logarithms of the normalized prices and the fixed
inputs and linear in the characteristic variables, so that

5. This would be the case if it is assumed that the household utility function is a
logarithmic function of profit and that the household maximizes expected utility.
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UN(ZZ) - UT (Z) = y'Zi
N(cN - a_T)

+ - a* ) In Wi + a*c In PCN,

+ -K F3TK) In K, + (P*T - 3*T) In Ti

+ Y1=2 ( - Al )R,i + Q - 8ExT)EXTi

+ (Qs - 8T)E5j

where the ao*'s, f3?'s and, 8i's are the parameters of the normalized
profit function, and the superscripts N and T denote, respectively,
the technologies using chemical inputs and those not using chemi-
cal inputs. If this specialization were in fact true, then the coef-
ficients of the logit regression on the prices of outputs and variable
inputs and on the quantities of the fixed inputs should be the same
as the differences in the corresponding coefficients between the
chemical and nonchemical normalized profit functions. It is also
possible to impose these constraints a priori. This has not been done
here, since other considerations than just profit may have also been
relevant to the decision of the farmer.

Caveats

Finally, a word needs to be said about the data. In principle, the
price variables that are relevant for the decision to adopt technol-
ogy should be the prices that the farmer expects to prevail over the
production period. These expected prices may be different from the
realized prices. Unfortunately, data are not available on expected
prices. Therefore, we have used the actual realized prices instead.
To the extent that the actual realized prices differ significantly from
the expected prices, we have a problem of errors in the variables
that may bias the estimates of the parameters.

The validity of the logit analysis depends on the assumption that
the E,''s, the specific net benefits to the individual farm household,
are independently and identically distributed as the logistic dis-
tribution. This assumption will be approximately valid if the true
underlying probability density distribution is symmetric around its
mean and has a relatively strong central tendency. For example, the
normal distribution can be approximated to a high degree of
accuracy by a logistic distribution. This binomial logit analysis has
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been generalized to the case of many alternatives.6 Thus, this
framework can be used to analyze the choice of crops and the choice
of varieties, as well as the choice of inputs.

Adoption of Technology by Thai Farms

The empirical model developed above is applied to the sample of
Thai farms. Out of 275 farms in the usable sample, 184 did not use
chemical inputs, and 91 used chemical inputs. Using this sample we
first ran logit regressions, using as independent variables the loga-
rithms of the price of output, the normalized wage rate and the
normalized price of chemical inputs, the logarithms of the quanti-
ties of capital and land, regional dummy variables, maximum
education of head of household, average education of the adult
members of the household, and availability of agricultural exten-
sion. The last three particular characteristic variables were selected
because they were expected to have an effect on the probability of
adoption. We also experimented with the alternative forms of the
formal education variable. The results of the logit regressions of the
three alternative specifications are summarized in Table 7-1.

Effects of prices and fixed inputs

Table 7-1 indicates that although the price of output does not
have a statistically significant effect, the normalized wage rate has a
positive and statistically significant effect. The higher the wage rate
faced by a farm household, the more likely it is to adopt the technol-
ogy using chemical inputs. There are two possible explanations for
this phenomenon. The first explanation is based on the assumption
that labor and chemical inputs are substitutes. The second explana-
tion is based on the assumption that using chemical inputs requires
higher quality labor, and hence the wage rate paid by the farm
household tends to go up as it adopts the use of chemical inputs. We
believe that the second explanation is the more plausible one, since
almost all studies of agricultural production in Thailand suggest
that labor and chemical inputs are more complements than substi-
tutes. It is also consistent with the positive dependence of the wage

6, See, for example, McFadden (1974).



Table 7-1. Logit Regressions for Thai Farms
(sample = 275)

Specification

Independent variable (0) (1) (2) (3)

Constant -5.352 -5.757 -5.567 -5.833
(-2.301) (-2.379) (-2.297) (-2.336)

Price of output 2.226 2.014 1.816 2.280
ON (baht per kilogram) (In) (1.655) (1.440) (1.302) (1.582)

Price of labor 2.339 2.384 2.409 2.605
(baht per day) (In) (3.109) (3.044) (3.073) (3.226)

Price of chemical inputs -1.054 -1.146 -1.152 -1.165
(baht per kilogram) (In) (-2.524) (-2.636) (-2.661) (-2.684)

Capital -0.244 -0.312 -0.321 -0.335
(baht) (In) (-1.080) (-1.320) (-1.375) (-1.384)

Land area 0.746 0.726 0.737 0.702
(rai) (In) (2.899) (2.788) (2.838) (2.657)

Region 2 0.452 0.536 0.481 0.585
(1.164) (1.309) (1.184) (1.367)

Region 3 1.596 1.535 1.510 1.650
(2.666) (2.467) (2.446) (2.602)

Region 4 0.624 0.756 0.701 0.846
(1.081) (1.250) (1.165) (1.350)



A5 (education of head of household) - 0.089 -

(years) (1.047)
A6 (average education) (years) - -0.012 0.071 -0.034

(-0.099) (0.617) (-0.267)
E2 (education, 0 < A5 < 4) - - - -0.186

(-0.321)
E3 (education, A5 = 4) - - -0.161

(-0.419)
E4 (education, A5 > 4) - - - 2.339

(2.355)
E5 (education, A5 > 0) - - -0.209 -

(-0.581)

EXT (I if extension services available; - 0.876 0.863 1.003
0 otherwise) (2.831) (2.797) (3.095)

Log likelihood -156.1 -151.2 -151.6 -147.6

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.
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rate (price of labor) on the use of chemical inputs as reported in
Chapter 6.

The normalized price of chemical inputs has a negative and
statistically significant effect, as expected. The higher the price of
chemical inputs faced by a farm household, the less likely it is to
adopt the technology using chemical inputs.

The quantity of land has a consistently positive and statistically
significant effect, although capital does not seem to have a signifi-
cant effect, as in all the other chapters. Land captures two effects.
First, with a larger quantity of land, the average cost per unit of land
of adopting a new technology, which involves fixed costs, will be
reduced, and the average net benefit per unit of land will be en-
hanced. Second, the quantity of land may be an indicator of the
level of assets, and a higher level of assets implies a greater ability
and willingness for the farm household to take risks. Land may also
have been differentially productive for the chemical and non-
chemical farms. The r esults in Chapter 6 indicate, however, that the
elasticity of normalized profit with respect to land is approximately
the same for chemical and nonchemical farms.

Effects of education and agricultural extension

Before examining the education and agricultural extension coef-
ficients, we first test the hypothesis that the effects of these charac-
teristic variables are zero. This is equivalent to testing the following
hypotheses:

a. For specification (1), Ho: 8A5 = 0, 8A6 0 °, 8EXT °0

b. For specification (2), Ho: 8E5 = 0, 8A6 = 0, 8EXT = 0

c. For specification (3), Ho: 6
E2 = 8E3 = 8E4 = 0, 8A6 = 0,

8
EXT = 0-

Likelihood ratio tests are used for this purpose.
A likelihood ratio test can be explained as follows. Suppose that

the admissible parameter space (the set of all values that can be
taken by the parameters) is Q and that under the null hypothesis Ho
of interest the parameter space is restricted to w. w must of course be
a subset of f. The likelihood ratio X is defined as

X = L(/)/L(f2)

where L(<S) and L(Q) are the maximized likelihoods when the pa-
rameter space is restricted to w and fl, respectively. Intuitively,
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L(Q) _ L(), because an unconstrained maximum must be greater
than or equal to a constrained maximum, so that the likelihood
ratio is always less than one. If Ho were actually true, however, then
the restriction of the parameter space to Xo within fl would not be a
substantive restriction, and hence L(X) would be very close in value
to L(Q), and the likelihood ratio would be close in value to unity.
Thus, values of the likelihood ratio close to unity favor the null
hypothesis, and values far from one suggest that the null hypothesis
may be false.

It can be shown that under mild regularity conditions (which are
satisfied in this case) the random variable -2 In X, where X is the
likelihood ratio, is asymptotically distributed as x2 with degrees of
freedom equal to the number of independent restrictions on the
parameters implied by the null hypothesis Ho.

We compute - 2 ln X for the null-hypotheses that all the education
and extension effects are zero, as shown in Table 7-2. The critical
values corresponding to alternative levels of significance are also
shown, so that the reader can evaluate the robustness of our test
procedure.

A level of significance 0.05 is assigned to the test of zero education
and extension effects. This implies that the probability of falsely
rejecting a hypothesis when it is in fact true using our procedure is
0.05. At this level of significance, we reject the hypothesis of zero
effects for each of the three specifications embodying alternative
representations of the formal education variable. We conclude that
education and extension have significant effects on the probability
of adoption.

Next, the coefficients of the education and extension variables are
examined. The logit regression with the best fit is the one in which
the education variable is disaggregated into E2 (0 to 4 years), E3

Table 7-2. Likelihood Ratio Tests for Zero Education
and Extension Effects

Degrees ~Critical values of X 2 at given
Null Oegrees levels of significance

hypothesis . freedom -2 In X 0.01 0.05 0.10

(1) 3 9.80 11.34 7.81 6.25
(2) 3 9.00 11.34 7.81 6.25
(3) 5 17.00 15.09 11.07 9.24
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Table 7-3. Logit Regressions for Thai Farms
(sample = 275)

Specification

Independent variable (1) (2) (3)

Constant -6.022 -5.292 -5.949
(-1.984) (-1.778) (-1.927)

Price of output 2.006 1.852 2.357
(baht per kilogram) (In) (1.369) (1.285) (1.571)

Price of labor 2.336 2.322 2.593
(baht per day) (In) (2.854) (2.889) (3.102)

Price of chemical inputs -1.382 -1.304 -1.310
(baht per kilogram) (ln) (-3.073) (-2.930) (-2.956)

Capital -0.176 -0.225 -0.215
(baht) (In) (-0.718) (-0.944) (-0.869)

Land area 0.651 0.690 0.639
(rai) (In) (2.421) (2.600) (2.358)

Region 2 0.623 0.532 0.654
(1.453) (1.278) (1.478)

Region 3 1.709 1.561 1.739
(2.663) (2.485) (2.687)

Region 4 0.763 0.705 0.842
(1.201) (1.136) (1.293)

A5 (education of head of household) 0.295 - -

(years) (2.838)
A6 (average education) (years) -0.066 0.061 -0.073

(-0.505) (0.521) (-0.547)
E2 (education, 0 < AS < 4) - - 0.356

(0.574)
E3 (education, AS = 4) - - 0.645

(1.299)
E4 (education, A5 > 4) - - 3.452

(3.091)
E5 (education, A5 > 0) - 0.428 -

(0.932)

EXT (1 if extension services available; 0.927 0.846 1.012
0 otherwise) (2.852) (2.674) (3.016)

A7 (age of head of household) 0.045 0.028 0.036
(years) (2.836) (1.793) (2.206)

CR (I if credit taken or available; 0.301 0.295 0.200
0 otherwise) (0.766) (0.762) (0.499)

HM (I if male; 0 if female) -2.738 -2.294 -2.522
(-1.882) (-1.637) (-1.739)

Log likelihood -144.1 -147.9 -143.0

Note: Numbers in parentheses are f ratios. The variables are defined in Table
4-4.

- Not applicable.
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(exactly 4 years), and E4 (more than 4 years). In this regression, E4
is the only statistically significant education variable. This implies
that more than 4 years of education is necessary before it affects the
probability of adopting the new technology. Four or fewer years of
education do not seem to have any statistically significant effect.
When the education variable is represented by a single continuous
variable, A5, it shows positive but statistically insignificant effects.
When the education variable is measured by a single dummy vari-
able, E5, it shows negative but statistically insignificant effects.
These results suggest that there may be a threshold education level
of 4 years, which must be exceeded before it affects the probability
of adoption.

The average level of education per adult member of the household
does not have a statistically significant coefficient in any one of the
logit regressions reported in Table 7-1 at any reasonable level of
significance. Availability of agricultural extension, however, is
found to affect the probability of adopting the new technology in a
positive and statistically significant manner. Its effect is between
one-third to two-fifths of the effect of more than 4 years of formal
education.

Effects of other characteristic variables

Our examination of the effects of the education and extension
variables on the decision to adopt technology indicates that both
the level of education of the head of household and the availability
of agricultural extension have positive and statistically significant
effects on the probability of adopting the technology using chemical
inputs. The question that arises natur ally is: do the other household
characteristic variables, such as the age and sex of the head of
household and the availability of credit, make a difference? To
answer this question, logit regressions including these additional
variables under each of the three alternative specifications of the
formal education variable were estimated. These logit regressions
are presented in Table 7-3. Likelihood ratio tests were also com-
puted for the null hypothesis that the effects of all these other
variables are zero for each of the three alternative specifications of
the formal education variable. These statistics for the likelihood
ratio tests are presented in Table 7-4 along with the critical values.

At a level of significance equal to 0.05, the hypothesis of zero other
effects can be rejected for specifications (1) and (3) but not for
specification (2). We consider this sufficient evidence that these
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Table 7-4. Likelihood Ratio Tests for Zero Other Effects

D%)egrees Critical values of x2 at given
gf levels of significance

Specification freedom -2 In X 0.01 0.05 0.10

(1) 3 14.20 11.34 7.81 6.25
(2) 3 7.40 11.34 7.81 6.25
(3) 3 9.20 11.34 7.81 6.25

other variables do have an effect on the probability of adoption. An
examination of the specifications (1) and (3) indicates that the age of
the head of household variable has a statistically significant and
positive effect on the probability of adoption. It is possible that the
age variable may be a proxy for experience. Still, it is somewhat
remarkable that age, which is usually associated with conserva-
tism, enhances the probability of adopting the new technology
rather than diminishes it. One possible explanation may lie in the
self-selection phenomenon: those young farmers who can respond
quickly to changes in the environment have probably all left the
agricultural sector to seek more remunerative employment.
Another possible explanation may lie in the distribution of assets
(excluding capital and land) across age groups: one may expect the
distribution to be skewed in favor of farm households with older
heads. If all heads of farm households had the same concave utility
function, the older farm household heads would be more likely to
take greater risks because thev would have more assets. If data on
assets were available, this hypothesis could be tested directly. The
two remaining variables, sex of the head of household and the
availability of credit, do not show statistically significant effects.

Robustness of the estimates

To assess the degree of robustness of our estimated effects of
education, agricultural extension, and other household characteris-
tics, logit regressions representing all possible distinct combina-
tions of the independent variables corresponding to education, ex-
tension, and other household characteristics were run.' In all these

7. The reports of these regressions are in the technical annexes, which are not
included in this volume because of their bulk. They are available from the authors on
request.



EDUCATION AND THE ADOPTION OF INNOVATION 213

regressions, the prices of the output and the variable inputs, the
quantities of capital and land, and the regional dummy variables
were always included.

The results of these logit regressions for each coefficient are
summarized in Table 7-5. Columns 1 and 2 contain the minimum
and the maximum estimates, respectively, that are found in the
regressions. Column 3 contains the value of the estimate that has
the highest absolute value of the t ratio in the regressions. Column 4
contains the estimates of the logit regression that has the highest
value of the likelihood function across all the alternative specifica-
tions of the independent variables corresponding to education, ex-
tension, and household characteristics.

From the minimum and the maximum values of the estimates of
each coefficient encountered one can gain an idea of the variability
of the estimate for different but equally plausible specifications. If
the range between the minimum and maximum estimates is large,
it suggests that the estimated effect will be quite sensitive to the
choice of the specification. From the estimate with the maximum
absolute value of the t ratio, one can verify if an independent
variable that may be found to be statistically significant in some
specification may have been erroneously omitted, thus gaining
additional pirotection against false conclusions. The maximum
likelihood estimates provide in a sense the best-fitting regression.
The likelihood criterion used here, however, does not take into
account the differences in the number of independent variables for
the different specifications.

Table 7-5 shows that the statistically significant estimates of the
coefficients of the price of output, the wage rate, the price of chem-
ical inputs, capital, and land are quite robust. The wage rate and the
quantity of land have consistently positive and statistically signifi-
cant effects on the probability of adoption. The price of chemical
inputs has a consistently negative and statistically significant effect
on the probability of adoption. The ranges of these estimates are
relatively small.

It is also apparent from Table 7-5 that both formal education, as
measured by E4 and to a lesser extent by A5, and agricultural
extension have positive and statistically significant effects on the
probability of adoption. Approximately 3 percent of sample farm
households have E4 = l. Among chemical farms it is 5.5 percent.
Among nonchemical farms it is 1.6 percent. Average education of
adult household members, however, has a consistently statistically



Table 7-5. Summary of Logit Regressions for Thai Farms
(sample= 275)

Estimate
Minimum Maximum of highest Maximum X2

Independent variable estimate estimate t ratio (94.87)

Price of output 1.744 2.622 2.545 2.407
(baht per kilogram) (in) (1.247) (1.800) (1.813) (1.613)

Price of labor 2.214 2.625 2.616 2.604
(baht per day) (In) (2.856) (3.155) (3.245) (3.128)

Price of chemical inputs -1.417 -1.051 -1.417 -1.289
(baht per kilogram) (In) (-3.185) (-2.517) (-3.185) (-2.929)

Capital -0.341 -0.103 -0.341 -0.212
(baht) (In) (-1.423) (-0.433) (-1.423) (-0.861)

Land area 0.607 0.790 0.773 0.628
(rai) (In) (2.230) (2.993) (2.998) (2.330)

Region 1 -6.287 -3.130 -6.287 -5.868
(-2.591) (-1.157) (-2.591) (-1.914)

Region 2 -5.854 -2.644 -5.854 -5.200
(-2.541) (-1.016) (-2.541) (-1.763)

Region 3 -4.694 -1.482 -4.694 -4.122
(-1.872) (-0.530) (-1.872) (-1.317)

Region 4 -5.727 -2.571 -5.727 -5.056
(-2.561) (-1.023) (-2.561) (-1.779)



A5 (education of head of household) 0.070 0.294 0.272
(years) (0.961) (2.830) (2.905)

A6 (average education) (years) -0.079 0.089 0.089 -0.076
(-0.592) (0.994) (0.994) (-0.574)

E2 (education, 0 < A5 < 4) -0.188 0.351 0.349 0.351
(-0.327) (0.567) (0.578) (0.567)

E3 (education, A5 = 4) -0.201 0.638 0.638 0.634
(-0.570) (1.315) (1.315) (1.281)

E4 (education, A5 > 4) 1.761 3.494 3.232 3.494
(2.025) (3.133) (3.179) (3.133)

E5 (education, A5 > 0) -0.209 0.498 0.498 -

(-0.581) (1.147) (1.147)

EXT (1 if extension services available; 0.832 1.018 1.003 1.018
0 otherwise) (2.639) (3.053) (3.101) (3.045)

A7 (age of head of household) 0.017 0.048 0.048 0.038
(years) (1.425) (3.069) (3.069) (2.352)

CR (I if credit taken or available; 0.208 0.578 0.578 -

0 otherwise) (0.519) (1.603) (1.603)
HM (1 if male; 0 if female) -2.882 -2.029 -2.874 -2.569

(-2.089) (-1.465) (-2.103) (-1.784)

Note: Numbers in parentheses are t ratios. The variables are defined in Table 4-4.
- Not applicable.
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Table 7-6. Logit Regressions for Thai Farms
(sample = 275)

Specification-i

Independent variable (1) (2) In fIN* - In 1T

Constant -8.115 -7.443 0.237
(-2.930) (-2.833)

Price of output 2.109 2.139 -

(baht per kilogram) (In) (1.441) (1.496)
Price of labor 2.692 2.680 -0.0331

(baht per day) (In) (3.274) (3.282)
Price of chemical inputs -1.240 -1.209 -0.1028

(babt per kilogram) (In) (-2.876) (-2.839)
Capital -0.298 -0.310 0.0050

(baht) (In) (-1.233) (-1.293)
Land area 0.647 0.678 -0.0245

(rai) (In) (2.444) (2.595)

Region 2 0.612 0.602 -0.0600
(1.415) (1.410)

Region 3 1.693 1.674 -0.0095
(2.650) (2.648)

Region 4 0.879 0.852 0.3778
(1.392) (1.367)

E2 (education, 0 < A5 < 4) 0.183
(0.301)

E3 (education, A5 = 4) 0.391
(0.865)

E4 (education, A5 > 4) 2.992 2.614 -
(3.004) (2.983)

E5 (education, AS > 0) - - 0.1287

EXT (I if extension services available; 1.030 1.027 -0.2336
0 otherwise) (3.126) (3.138)

A7 (age of head of household) 0.033 0.025 -
(years) (2.104) (2.016)

Log likelihood -145.2 -145.6

Note: Numbers in parentheses are t ratios. The variables are defined in Table
4-4.

- Not applicable.
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insignificant effect. Age of the head of household occasionally has a
statistically significant positive effect. Availability of credit has a
consistently positive but statistically insignificant effect. Sex of the
head of the household occasionally has a marginally statistically
significant effect. Since the proportion of female heads of household
in the total sample was only 1 percent, the sex variable was dropped
in further analysis.

On the whole, the results of these additional logit regressions
confirm the robustness of our earlier results. For the purpose of
further analysis we estimated a logit regression in which the educa-
tion variable was represented by the dummy variables E2, E3, and
E4. Variables for average education, availability of credit, and sex
of the head of household were omitted. The dummy variables E2
and E3 were included even though they had been found to be
statistically insignificant, because we wished to consider the com-
plete set (E2, E3, E4) as the education variable. For the purpose of
comparison, the same logit regression was also estimated with E2
and E3 omitted. The results of these two regressions are reported in
Table 7-6. The estimated coefficients of the two logit regressions do
not differ significantly. This is also evidenced by the very small
change in the logarithm of the likelihood.

Net benefit function

It is of some interest to see if the net benefit function,
UN(Zi) - UT(Zi), is in fact linear in the difference between the loga-
rithms of the normalized profit functions of chemical and nonchem-
ical farms. The net benefit function, however, is not a function of
only the relative profitability of the new and traditional technolo-
gies. This is known from the fact that the age variable has a statisti-
cally significant positive effect on the probability of adoption. The
profit function estimates reported in Tables 6-5 and 6-6 were used
to compute the differences in the coefficients of each independent
variable between the chemical and nonchemical farms; these num-
bers are presented in the third column of Table 7-6. If these differ-
ences are close to the corresponding estimates of the effect of the
same independent variable on the probability of adoption, one may
conclude that the probability of adoption is in fact a linear function
in the difference in the logarithm of normalized profit. Under cer-
tain additional assumptions, this linearity in the difference of the
logarithm of profit may be regarded as evidence in support of the
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proposition that the farmers chose the technology that maximized
their expected utilities of profit. As the figures in column 3 indicate,
however, the estimated net benefit function is substantially differ-
ent from being a linear function of the logarithm of the relative
profit of the two technologies.

Interpretation of Findings

The coefficients of the logit regressions cannot be readily inter-
preted. Table 7-7 shows the change in the probability of adoption of
the technology using chemical inputs in response to a 1 percent
change in the continuous independent variables in each region
measured at the mean of the independent variables in that region.
The table also includes the change in the probability of adoption in
response to a one-year change in the age of the head of household
from the mean age of that region. The change in the probability of
adoption corresponding to a change in the value of each of the
dummy variables from the base case in each region is also reported.
For the base case, E2 = E3 = E4 = 0, and EXT - 0, and all other
variables are set at the mean of that region. The values of the
parameters used in these probability calculations were taken from
Table 7-6, column 1. The means of the independent variables are
presented in Table 7-8.

Table 7-7 shows that both education and extension strongly in-
crease the probability of adopting the technology using chemical
inputs. The probability of a farm household, the head of which had
more than 4 years of education, adopting the technology is between
59 and 63 percentage points higher than that of a farm household,
the head of which had no formal education. The probability of
adoption is increased by between 14 and 20 percentage points by
the availability of agricultural extension. It is also increased by
between 0.3 and 0.5 of a percentage point by an increase of I year in
the age of the head of household from the mean.

Changes in prices of output and variable inputs and the quantities
of fixed inputs also have effects. A 10 percent increase in the price of
output results in an increase of between 2 and 3 percentage points in
the probability of adoption; a 10 percent increase in the wage rate
results in an increase of between 2 and 4 percentage points in the
probability of adoption; a 10 percent increase in the price of chem-
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ical inputs decreases the probability of adoption by between I and 2
percentage points; and a 10 percent increase in the quantity of land
area results in an increase of approximately 1 percentage point in
the probability of adoption. Since the estimated coefficient of capi-
tal is consistently statistically insignificant, no importance is
attached to its effect on the probability of adoption. The estimated
effect of the price of output should also be regarded as being more
unreliable than the other estimated effects.

In our analysis of the decision of the farm household to adopt
technology we have assumed that each farmer chooses the technol-
ogy that gives him the highest net benefit. We have not subjected
this assumption to a statistical test, nor are we able to test this
assumption without additional knowledge on the possible distribu-
tions of the e*'s. In addition, since our concept of net benefit is
allowed to contain elements of subjective benefits and costs, the
assumption of maximization of net benefit does not necessarily
imply the maximization of profit in the choice of technology. In-
deed, we have not established that the individual farms adopted the
technologies that would maximize their individual profits. Indica-
tions are that the decision of which technology to adopt depends on
considerations other than profit maximization as well. In particu-
lar, the estimated net benefit function does not seem to be a simple
function of relative profits of the two technologies. Thus it is con-
ceivable that the technology chosen by an individual farmer may
maximize net benefit (or expected net benefits) but may not be the
technology to maximize profits (or expected profits), given the char-
acteristics and the economic environment of the farmer.

It is indeed conceivable that the agricultural extension service
may have caused some farms to adopt chemical inputs prema-
turely, with the consequence that these farms may fail to realize the
full profit potential of the new technology. Thus, compared with
farms that chose to adopt without encouragement from the agri-
cultural extension service (which is interpreted to mean that they
were also better equipped to implement the new technology) the
farms that adopt because of the agricultural extension service will
tend to show a lower level of profits, other things-normalized
prices and quantities of fixed inputs--being equal. This provides an
explanation of the apparent paradox that availability of agricultu-
ral extension actually lowers the profits for the farms using chemi-
cal inputs, as reported in Chapter 6, although such a negative effect
is in general not statistically significant.



Table 7-7. Changes in the Probability of Adopting Technology Using Chemical Inputs, by Region
(percentage points)

Region I Region 2 Region 3 Region 4
Change in base 1002 seve 159 base 72)base146

independent variable (level ) (level / (level ) (level

Price of output (+ I percent) 0.190 0.272 0.302 0.264
Price of labor (+ I percent) 0.243 0.347 0.385 0.337
Price of chemical inputs (+ I percent) -0.112 -0.160 -0.177 -0.155
Capital (+ I percent) -0.027 -0.038 -0.043 -0.037

NJ Land area (+ I percent) 0.058 0.083 0.092 0.081

E2 (O A5 < 4) 1.775 2.510 2.776 2.438
E3 (AS = 4) 4.116 5.746 6.320 5.591
E4 (A5 > 4) 58.913 62.922 63.350 62.727

EXT (1 if extension services 13.756 18.218 19.640 17.822
available; 0 otherwise)

A7 (age of head of household) 0.301 0.430 0.477 0.415
(+ I year)

Note: The base level probabilities are evaluated at the means of the continuous variables: price of output, wage rate, price of
chemical inputs, capital, land area, and age of head of household for each region and with dummy variables E2, E3, E4, and
EXT set equal to zero.



Table 7-8. Means of Independent Variables, by Region

Independent Region I Region 2 Region 3 Region 4
variable n = 67 n = 150 n = 27 n = 31

Price of output 0.149 0.150 0.216 0.149
(baht per kilogram) (In)

Price of labor 2.222 2.086 2.091 1.985
(baht per day) (In)

Price of chemical inputs 1.641 1.423 2.045 1.358
(baht per kilogram) (In)

Capital 4.140 4.322 4.622 4.268
(baht) (In)

Land area 2.028 2.043 1.708 1.700
(rai) (In)

E2 (education, 0 < A5 < 4) 0.104 0.073 0.222 0.065
E3 (education, AS = 4) 0.672 0.653 0.593 0.581
E4 (education, A5 > 4) 0.045 0.033 0.000 0.000

EXT (I if extension services available; 0.564 0.533 0.815 0.548
0 otherwise)

A7 (age of head of household) 47.896 47.940 47.889 50.677
(years)



222 EMPIRICAL ANALYSIS

A second explanation of the observed negative relation between
profits and the availability of agricultural extension service for
chemical farms may lie in the fact that the agricultural extension
service may recommend practices that maximize output rather
than profit. Again, profits are expected to be lower for farms using
chemical inputs with agricultural extension service than those
without.



CHAPTER 8

The Rate of Return
to Rural Education

THIS BRIEF CHAPTER PRESENTS the results of calculations of the inter-
nal rate of return to education based on the effects of education on
the technological level of farmers. We stress the hypothetical char-
acter of this exercise: the results are sensitive to the assumptions
about the time structure of the streams of benefits, and, of course, to
the assumption that the benefits of education that we estimate with
our production functions will continue to occur in the future. Of
course, estimates of the rate of return to education in the wage
sector are subject to these caveats and the additional, important
one that wage differences may fail to reflect marginal productivity
differences for the reasons discussed in Chapter 1.

Results are given from analysis of the internal rate of return to
additional years of education completed in each of our samples.
This is followed by a discussion of how these empirical findings may
be helpful in World Bank project evaluation by using them to
compute an internal rate of return to investment in educational
radio in Thailand.

Rates of Return to Elementary Education
in Korea, Malaysia, and Thailand

To calculate internal rates of return (that is, the value of the rate
of discount that makes the present value of the time stream of
differences between costs and benefits zero), we estimated the cost
and benefit streams accruing to one additional year of completed

223
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Table 8-1. Expenditures per Pupil for Preprimary
and Primary Education
(1970 U.S. dollars per year)

Year Korea Thailand Malaysia

1965 5.69 14.22 44.99
1970 35.75 19.95 52.18

Sources: Unesco (1975) and World Bank (1976).

schooling for the farmer. Table 8-1 presents the costs used in the
analysis. Since these are costs per student per year and, at least in
the case of Thailand, not all students who enroll during the year
complete the grade, the actual cost-benefit calculations use the
slightly higher figure of cost per year completed rather than cost per
year attended. In computing the cost stream for a year of schooling,
it is assumed that the individual incurs, at age 11, the cost in the
1970 row of Table 8-1, and that he incurs 0 cost each year from then
until he is 60.

To compute the benefit stream we took the estimated percentage
increase in output for one additional year of education from column
6 of Table 2-2. This was 2.27 percent for Korea, 5.11 for Malaysia,
and 2.79 for Thailand. (The value for Thailand is the average for the
chemical and nonchemical farms; the value for Korea was the
average for mechanical and nonmechanical farms.) This percentage
increase was multiplied by the level of output of the average farm in
the sample and by the farmgate price of rice. Four different price
estimates were used to obtain estimates of the sensitivity of the
calculations to output price. We then assumed that benefits of the
magnitude just computed would accrue to the farmer in each year
from some initial age (17 and 25 years of age were used) until
retirement at 60.

Table 8-2 shows the internal rate of return to rural primary
education computed from the cost and benefit streams just de-
scribed. The figures in the table should be viewed as approxima-
tions. They err on the high side in attributing the entire increase in
output of a farm to the additional education of a single individual.
They err on the low side in omitting allocative benefits, benefits
from off-farm employment, and (for Thailand and Malaysia) be-
nefits from second crops. Nonetheless, Table 8-2 does suggest high



Table 8-2. Internal Rate of Return to Rural Education
(percent per year)

Farmgate price Age at which benefits are assumed to commence
'of rice 17 25
(U.S. dollars172
per metric ton) Korea Malaysia Thailand Korea Malaysia Thailand

150 11.0 18.6 17.6 7.1 11.0 10.6
200 13.3 21.8 20.6 8.4 12.5 12.0
250 15.2 24.4 23.2 9.4 13.7 13.2
300 17.0 26.7 25.4 10.2 14.7 14.2
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Table 8-3. Sensitivity of the Rate of Return to Schooling
to Error in Estimation of Its Effect on Productivity

Deviation of actual from Internal rate of return (percent per year)
estimated effect of
schooling on productivitya Korea Malaysia Thiailand

- 1.5 9.4 9.2 9.8

- 0.5 12.1 18.6 17.8
0 13.3 21.8 20.6

+ 0.5 14.3 24.4 23.0

+ 1.5 16.3 28.8 27.0

a. The unit of the deviation is in standard errors of the estimate of the per-
centage increase in output resulting from an additional year of schooling.

returns.' Estimated returns decline about 40 percent if benefits are
assumed to commence at age 25 rather than 17; they increase by
from 35 to 50 percent if the farmgate price of rice is assumed to be
$300 per ton rather than $150 per ton.

To assess the sensitivity of the calculated rates of return to errors
in the estimated effects of education on productivity, a sensitivity
analysis was undertaken. The analysis assumed that the benefit
stream began when the farmer reached 17 years of age and that the
farmgate price of rice was $200 per ton. The benefit from a year of
education was then allowed to vary from -1.5 to + 1.5 standard
errors of the estimates of the percentage increase in output for an
additional year of education. These standard errors are reported in
Appendix A, Table A-2. The probability is low that the "correct"
value of the benefits would lie outside the range from -1.5 to + 1.5
standard errors around the estimated value. Table 8-3 shows how
returns vary in this range.

1. Several other studies (Blaug 1974, Chiswick 1978, Meesook 1980, Sabot 1977)
report the benefits of education in Thailand. Blaug's analysis, for urban Bangkok,
provides a complement to our findings concerning rural areas. He concludes that an
additional year of education increases earnings by an average of 1.4 percent.
Although this increase is not directly comparable to the 2.3 percent increase in farm
output that we report as resulting from a year of education, it does suggest that there
is no obvious efficiency argument for investing in urban rather than rural schools.
Indeed, efficiency arguments would seem to reinforce equity ones (see Lim and
others 1980, p.27) to suggest reallocation of educational resources in favor of rural
areas.
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The Rate of Return to Educational Radio
in Thailand

The Fifth World Bank Education project in Thailand includes
substantial resources for expanding the use of educational radio in
rural areas. It has been observed that effectively implemented edu-
cational radio tends to increase the progression rate of students
from one grade to the next, principally by reducing repetition rates.
This has the effect of increasing the number of years of schooling
completed per year of schooling attended, and forms the basis for

Figure 8-1. Variation of Internal Rate of Return.
with the Price of Rice
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computing the internal rate of return to investment in educational
radio.

The number of years completed per year attended in the tradi-
tional system is simply Pr, the progression rate. It is assumed that it
is equal to Pr with radio and that Pr is greater than P,. The additional
number of years completed resulting from the introduction of radio
is, then, Pr - P, = AP. Other studies (Jamison 1978) have found AP
to be over 0.1, although 0.05 would probably be as much or more
than could be routinely hoped for.

This then allows computation of a benefit stream for providing
educational radio to one student for one year. This is simply equal
to AP times the benefit figure for a year of schooling completed, as
computed in the preceding section. The cost is simply the marginal
cost per student per year of providing radio in the schools, which
might run between US$1 and US$5 per year. For the calculations
here, we assume a cost of US$2.50 per year, which is sufficient to get
high quality.

Figure 8-1 shows how the internal rate of return varies as a
function of the price of rice for several values of AP. Even with a
very low AP and the minimum plausible price for rice, the internal
rate of return to investment in educational radio is a respectable
20 percent.
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APPENDIX A

Supplemental Information
on Studies of Farmer Education

THIS APPENDIX CONTAINS SUPPLEMENTAL INFORMATION on the studies
reviewed in Chapter 2. It is organized into two tables. Table A-1
contains, for each sample of farms in each of the papers, informa-
tion on the sample size, the nature of the education variable(s), and
productivity variable(s) used, whether allocative or technical
efficiency was examined, and other variables used in the analysis.
Table A-2 summarizes quantitative information on the strength of
the effects found for education in the various studies and contains
information on the social context of the regions, such as per capita
income, adult literacy rates, and degree modernity.

Note: This appendix, like Chapter 2, is drawn from Lockheed, Jamison, and Lau
(1980).
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Table A-I. Studies of E3ducation and Small Farm Productivity

Modern- Kinds of
Sample izing analysis:

Country size, environ- Education Dependent efficiencyl Othler
and city Reference N ment variable variable specification, variables

Brazil, Pachico and 117 No D > 5 years of Value of farm Technical/cqn. Land-Q; human
Candelaria Ashby (1976) schooling production (2.3) labor; machine

completed by labor-V;
farm oper- animal labor-
ator V; purchased

inputs-V

Brazil, Pachico and 101 Yes D > 5 years of Value of farm Technical/eqn. Land-Q; hurnan
Garibaldi Ashby (1976) schooling production (2.3) labor; machine

completed by labor-V;
farm oper- animal labor-
ator V; purchased

inputs-V

Brazil, Pachico and 63 No D > 5 years of Value of farm Technical/eqn. Land-Q; human
Guarani Ashby (1976) schooling production (2.3) labor; machine

completed by labor-V;
farm oper- animal labor-
ator V; purchased

inputs-V



Brazil, Pachico and 101 Yes D > 5 years of Value of farm Technical/eqn. Land-Q; human
Taquari Ashby (1976) schooling production (2.3) labor; machine

completed by labor-V;
farm oper- animal labor-
ator V; purchased

inputs-V

Brazil Patrick and 82 Transition Years of Value of farm Technical and Farm re-
Alto Sao Kehrberg schooling production, allocative/eqn. sources-V
Francisco (1973) completed by less value (2.2)

farm oper- of pur-
ator chased non-

labor in-
puts

,_Q Brazil, Patrick and 54 No Years of Value of farm Technical and Farm re-
Conceicao Kehrberg schooling production, allocative/eqn. sources-V
de Castelo (1973) completed by less value (2.2)

farm oper- of pur-
ator chased non-

labor in-
puts

Brazil, Patrick and 86 No Years of Value of farm Technical and Farm re-
Paracatu Kehrberg schooling production, allocative/eqn. sources-V

(1973) completed by less value (2.2)
farm oper- of pur-
ator chased non-

labor in-
puts

(Table continues on the following page)



Table A-1 (continued)

Modern- Kinds of
Sample izing analysis.

Country size, environ- Education Dependent efficiencyl Other
and city Reference N ment variable variable specificationa variables

Brazil, Patrick and 62 Yes Years of Value of farm Technical and Farm re-
Resende Kehrberg schooling production, allocative/eqn. sources-V

(1973) completed by less value (2.2)
farm oper- of pur-
ator chased non-

labor in-
puts

Brazil, Patrick and 337 Yes Years of Value of farm Technical and Farm re-
Vicosa Kehrberg schooling production, allocative/eqn. sources-V

(1973) completed by less value (2.2)
farm oper- of pur-
ator chased non-

labor in-
puts

Colombia, Haller 77 Ycs Average of Value of farm Technical/eqn. Land-V; family
Chinchina (1972) grades of production (2.1); internal labor-Q;

schooling rate of return hired labor-
completed by Q; power
working farm capital-V;
family mern- fixed capital-
bers over 14 V
years; mean:
2.8 grades



Colornbia, Haller 74 Yes Average of Value of farm Technical/eqn. Land-V; family
Espinal (1972) grades of production (2.1) labor-Q;

schooling hired labor-
completed by Q; power
working farm capital-V;
family mem- fixed capital-
bers over 14 V
years; mean:
2.4 grades

Colombia, Haller 74 No Average of Value of farm Technical/eqn. Land-V; family
Malaga (1972) grades of production (2.1) labor -Q;

schooling hired labor-
completed by Q; power
working farm capital-V;
family mrnem- fixed capital-
bers over 14 V
years; mean:
1.6 grades

Colombia, Haller 75 No Average of Value of farm Technical/eqn. Land-V; family
Moniquira (1972) grades of production (2.1) labor-Q;

schooling hired labor-
completed by Q; power
working farm capital-V;
family mem- fixed capital-
bers over 14 V
years; mean:
1.6 grades

(Table continues on the following page)



Table A-1 (continued)

Modern- Kinds of
Sample izing analysis:

Country size, environ- Education Dependent efficiencyl Other
and city Reference N ment variable variable specification' variables

Greece, Yotopoulos 430 No Average of Value of agri- Technical/eqn. Land-Q; human
Epirus (1967) years of cultural (2.1) labor-Q;

schooling production animal labor-
completed by V; machine
farm house- labor-V; ser-

,'i hold mem- vices-V
o. bers age 15

to 69 years;
mean: 2.24
years

India, Chaudhri 1,038 n.a. Average years Value of agri- Technical/eqn. Irrigated land-
Punjab, (1974) of schooling cultural (2.1) Q; cultivated
Haryana, and completed by production land-Q; hu-
Utter all agricultu- man labor-V;
Pradesh ral workers chemical fer-

in household; tilizer-V;
years of manure-V;
schooling bullocks-Q
completed by
household
head



India, Sidhu (1976) 236 n.a. Average years Wheat pro- Technical/eqn. Land-Q;
Punjab (tradi- of schooling duction-Q; (2.1) labor-Q;

tional completed by sale value capital ser-
and farm house- of farm vices-V; fer-
Mex- hold mem- production tilizers-V;
ican bers over 13 wheat type-D
wheat) years; mean

estimated to
be 2.6 from
subsamples

India, Sidhu (1976) 369 n.a. Average years Wheat pro- Technical/eqn. Land-Q;
Punjab (Mexican of schooling duction-Q; (2.1) labor-Q;

wheat) completed by sale value capital ser-
farm house- of farm vices-V; fer-

,'i hold mem- production tilizers-V;
ui bers over 13 year

years; mean
estimated to
be 2.6 from
subsamples

Israel Sadan, Nach- 1,841 Mixed Years of Gross value- Technical/eqn. Herd-Q; irriga-
mias, and schooling added of (2.4) tion-D; fami-
Bar-Lev completed by farm pro- ly size
(1976) farm oper- duction

ator's wife

(Table continues on the following page)



Table A-1 (continued)

Modern- Kinds of
Sample izing analysis:

Country size, environ- Education Dependent efficiencyl Other
and city Reference N ment variable variable specification, variables

Japan, Harker (1973) 971 Yes Years of Gross farm Technical/eqn. Use of agricul-
Honshu, Shi- schooling sales (2.4) (path- tural media
koku, and completed by analysis) and agents;
Kyushu farmer ownership of

power imple-
ments; father's
education;
farm location;
age; land

bJ Kenya, Moock (1973) 152 Yes D > 4 years of Bags of maize Technical/eqn. Interplanted
°° Vihiga schooling produced (2.3) crop-D; hy-

completed by brid seed-D;
farm man- plant popula-
ager tion-Q; insec-

ticide-D; rate
of phosphate-
Q; previous
season labor-
Q; crop dam-
age-Q; exten-
sion contact-
D; loan recip-
ient-D;
migration/age
-Q; female
manager-D



Kenya Hopcraft (1974) 674 Mixed Dummy vari- Bags of maize Technical/eqn. Cultivated
ables for produced (2.3) land-Q;
schooling of (other re- labor-Q;
household gressions purchased in-
head examined puts-V; ex-

livestock, tension
tea, and visits-Q
aggregate
output)

Korea Hong (1975) 895 n.a. Years of Value of rice Technical Land-Q;
schooling production labor-Q;
completed by capital-V; ex-
farm oper- tension-V;
ator; mean: age of farm
4.2 years operator; age

2; interactions

Korea Jainhion aiid 1,363 n.a. Average nulli- Value uf agri- Tcchnical/eqn. Land-Q; humai
Lau (this (mechan- ber of years cultural (2.2) labor-Q;
volume) ical of education production animal labor-

farms) Q; machine
labor; capi-
tal-V; fertil-
izers and pes-
ticides; re-
gions-D; sex
of head of
household-D;
age of head of
household-Q

(Table continues on the following page)



Table A-I (continued)

Modern- Kinds of
Sample izing analysis:

Country size, environ- Education Dependent efficiencyl Other
and city Reference N ment variable variable specification, variables

Korea Jamison and 541 n.a. Average num- Value of agri- Technical/eqn. Land-Q; human
Lau (this (nonme- ber of years cultural (2.2) labor-Q;
volume) chan- of education production animal labor-

ical for household Q; capital-V;
farms) members fertilizers and

aged 17 to pesticides; re-
60; mean: gions-D; sex
4.95 years of head of

household-D;
age of head of
household-Q

Malaysia, Jamison and 403 Yes D = 0, D = I Rice produc- Technical/eqn. Cultivated
Kedah and Lau (this to 3, D = 4 tion-Q (2.3) land-Q;
Perlis volume) years of capital input-

schooling V; variable in-
completed by put-V;
head of labor-Q;
household years of

double-
cropping-D



Nepal, Pudasaini 102 Mixed Years of Gross farm Technical/eqn. Land, labor;
Bara (1976) schooling revenue (22) cash expenses;

completed by bullocks-V;
farm oper- imachines and
ator tools-V; land

fragments;
animal labor;
tractor labor;
pumpset use;
tractor and
pumpset
used-D

Nepal, Calkins (1976) 540 No D > 6 years to- Value of farm Technical Land-V; family
Nuwakot tal scholing production labor--Q;

obtained by hired labor-
family mem- Q, bartered
bers labor-Q;

farmyard ma-
nure--;
chemical fer-
tilizer-Q;
capital-V;
altitude-Q;
nutritional sta-
tus of labor-
ers-Q: in-
teraction
terms

(Table continues on the following page)



Table A-1 (continued)

Modern- Kinds of
Sample izing analysis:

Country size, environ- Education Dependent efficiencyl Other
and city Reference N ment variable variable specificaiion- variables

Nepal, Sharma (1974) 87 Yes D = literate Wheat pro- Technical/eqn. Cultivated
Rupandehi (wheat duction-Q (2.3) land-Q;

farms) labor-Q;
seed-Q; or-
ganic ma-
nure-Q

Nepal, Sharma (1974) 138 Yes D = literate Rice produc- Technical/eqn. Cultivated
Rupandehi (rice tion-Q (2.3) land-Q;

farms) labor-Q;
seed-Q; or-
ganic ma-
nure-Q

Philippines, Halim (1976) 274 n.a. Average years Average Technical/eqn. Cultivated
Laguna of schooling annual rice (2.2) land-Q;
(1963) completed by production; labor-Q;

all agricultu- net farm operating ex-
ral workers earnings penditures-V;
in household extension con-
(weighted) tacts-Q; bar-

rio develop-
ment index-
D; type of ex-
tension-D



Philippines, Halim (1976) 273 n.a. Average years Average Technical/eqn. Cultivated
Laguna of schooling annual rice (2.2) land-Q;
(1968) completed by production; labor-Q;

all agricultu- net farm operating ex-
ral workers earnings penditures-V;
in household extension con-
(weighted) tacts-Q; bar-

rio develop-
ment index-
D; type of ex-
tension-D

Philippines, Halim (1976) 220 n.a. Average years Average Technical/eqn. Cultivated
Laguna of schooling annual rice (2.2) land-Q;
(1973) completed by production; labor-Q;

all agricultu- net farm operating ex-
ral workers earnings penditures-V;
in household extension con-
(weighted) tacts-Q; bar-

rio develop-
ment index-
D; type of ex-
tension-D

Taiwan Wu (1971) 333 Yes Years of Gross farm Technical/eqn. Owned land-V;
(rice schooling income (2.2) family labor-

farms) completed by Q; livestock
farm oper- expenses;
ator; 25 per- poultry and
cent are livestock-V;
primary farm tools and
graduates machinery-V

(Table continues on the following page)



Table A-l (continued)

Modern- Kinds of
Sarnple izing analysis.

Country size, environ- Education Dependent efficiencyl Other
and city Reference N ment variable variable specificationa variables

Taiwan Wu (1971) 316 No Years of Gross farm Technicalleqn. Owned land-V;
(banana schooling income (2.2) family labor-

and completed by Q; livestock
pine- farm oper- expenses;
apple ator; 25 per- poultry and
farms) cent are livestock-V;

primary farm tools and
graduates machinery-V

Taiwan Wu (1977) 310 Yes Years of Gross crop in- Technical and Land-O;
schooling come allocative/var- labor-V;
completed by ious equations capital-V, fer-
farm oper- tilizer-V;
ator: mean: other ex-
6.7 years penses-V

Thailand, Jamison and 91 Yes Years of Rice produc- Technical and Land-Q;
Chiang Mai Lau (this (chem- schooling tion-Q allocativeJeqn. labor-Q;

volume) ical completed by (2.2) capital-V; re-
farms) head of gion-D; ex-

household tension-D



Thailand, Jamison and 184 Yes Years of Rice produc- Technical and Land-Q;
Chiang Mai Lau (this (non- schooling tion-Q allocative/eqn. labor-Q;

volume) chem- completed by (2) capital-V; re-
ical head of gion-D; ex-
farms) household tension-D

Note: D = dummy variable, Q = measure of quantity, V = measure of value.
n.a. Not available.
a. The specifications are labeled equation (1) to equation (5) and these refer to the equations in the first part of the paper that

show the alternatives used in specifications.
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Table A-2. Effects of Education and Environmental Variables

Formal education

Percentage Standard
gain in error of
output estimate

Func- for each of
tional year of percentage

Author Region Sample N forma education gainb

Halim Philippines 1963 274 2 2.2 1.3
1968 273 2 1.92 1.5
1973 220 2 2.74 1.2

Haller Chinchina 77 1 - 0.29 2.2
Espinal 74 1 6.10 3.5
Malaga 74 1 3.09 3.3
Moniquira 75 1 - 3.12 3.0

Jamison Korea mechanical 1,363 2 2.22 0.4
and Lau nonmechan-

ical 541 2 2.33 0.8

Jamison Malaysia 403 3 5.11 2.2
and Lau

Jamison Thailand chemical 91 2 3.15 1.5
and Lau nonchemical 184 2 2.43 1.1

Moock Kenya 152 3 1.73 1.1

Pachico Candalaria 117 3 2.69 3.3
and Garibaldi 101 3 4.60 2.7
Ashby Guarani 63 3 1.49 2.9

Taquari 101 3 5.53 3.8

Patrick Alto Sao
and Francisco 82 2 - 1.29 2.0
Kehrberg Conceicao

de Castelo 54 2 -0.90 1.2
Paracatu 86 2 - 1.79 1.2
Resende 62 2 1.01 0.9
Viscosa 337 2 2.33 0.8

Pudasaini Nepal 102 2 1.3 0.8

Sharma Nepal wheat 87 3 5.09 3.1
rice 138 3 2.85 1.7

Sidhu India wheat 236 1 1.49 0.8
Mexican

wheat 369 1 1.41 0.6
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Nonformal education Environmental variables

Regres- Mod- Exten- Adult
sion ern- sion liter-

coeffi- izing pres- acy
cient envi- ent GNP rate
on t ron- or per (per-

Variable output ratio ment' notd capitae Crop cent)f

Nonlog; num- 0006 3.435 0 1 285.16 Rice 72.0
ber of 0.004 2.4 0 1 343.83 Rice
weighted - 0.000 - 0.772 0 1 314.38 Rice
contacts

1 0 Coffee 74.0
1 0 Mixed

- I 0 452.66 Tobacco
- I 0 Mixed

1 0 525.23 Mixed 91.0

1 0 Mixed

Adult educa- 0.237 1.732 1 1 764.20 Rice 89.0
tion partic-
ipation

Nonlog; -0.092 -1.098 1 1 317.42 Rice 82.0
whether ex- 0.085 2.225 1 1 Rice
tension was
available in
village

Factored vari- 0.003 0.77 1 1 216.00 Maize 30.0
ables

Number of - 0.010 -2.5 - 1 1 Mixed 68.0
contacts I I Mixed

-1 1 1,225.87 Mixed
I I Mixed

Nonlog; num-
ber of visits 0.004 0.977 0 1 Mixed 68.0

0.009 2.65 - I I Coffee
0.001 0.203 - I 1 955.04 Mixed
0.001 0.124 1 1 Dairy
0.003 1.026 1 1 Mixed

0 -I 97.21 Rice 14.0

1 - 1 108.62 Wheat 14.0
0 -I Rice

0 0 125.02 Wheat 36.0

0 0 Wheat 36.0

(Table continues on the following page)
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Table A-2 (continued)

Formal education

Percentage Standard
gain in error of
output estimate

Func- for each of
tional year of percentage

Author Region Sample N forma education gainb

Wu (1971) Taiwan rice 333 2 0.70 1.3

Wu (1971) banana and
pineapple 316 2 3.87 1.4

Wu (1977) 310 2 0.9 1.0

Yotopoulos Greece 430 1 6.47 3.2

a. The numbers correspond to the following Cobb-Douglas production function
specifications:

(1) In Y = ao + al In L + a2 In T + 13 In E + yEXT
(2) In Y = ao + a, In L + a2 In T + PE + yEXT

(3) In Y = ao + a, In L + a2 In T + O3D + yEXT
where E is the educational level of the head of household and D is an indicator
variable equal to I for some specific range of E, and 0 otherwise.

b. In order to calculate the standard error (s.e.) in the estimate of the percentage
gain in output for I year of education, one needs the value of the coefficient on
education in the original regression (a), the estimated standard error in the estimate
of ,3 (r), and the functional form of the original regression. For all studies reported in
this table the functional form was that of equation (1), (2), or (3) above, and the
corresponding formulas for the standard error are:
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Nonformal education Environmental variables

Regres- Mod- Exten- Adult
sion ern- sion liter-

coeffi- izing pres- acy
cient envi- ent GNP rate
on t ron- or per (per-

Variable output ratio mentc notd capitae Crop centf

1 0 583.69 Rice 73.0

1 0 Mixed

1 0 997.35 Mixed 73.0

- I 0 1,356.68 Mixed 82.0

(1) s.e. [e
2

= In [(E + 0.5)Y(E - 0.5)1 e(11 [(E + 0.5)t(E - 0.5)312op2 (,iln [(E + 0.5)t(E -0.5S)2e,2

- 1)] 1/2

where E is the mean number of years of education in the sample;
(2) s.e. = [e2P eeP2 (ep"2 - I)J112; and
(3) s.e. = [I/N2 (e20 ep"' (e-2 - 1))] 112
where N is the number of years of education completed signified by the indica-
tor variable D.

c. - 1, a nonmodernizing environment; 1, a modernizing environment; and 0, no
information or a transitional environment.

d. - 1, no extension service available; 1, availability of extension service in re-
gion; and 0, no information on availability of extension.

e. Source: World Bank, World Tables (1980).
f. Source: World Bank, World Tables (1976); India GNP figures are for 1973.



APPENDIX B

Aggregation Bias

SUPPOSE THE INDIVIDUAL FUNCTIONS are identical and Cobb-Douglas
in form, so that

= YoK lLI2 (i = , . N)

where K, > 0; Li > 0; i = 1, ... , N; and YO, al, a2 are positive con-
stants. In addition, it is assumed that the Ki's are not proportional to
the Li's. The true aggregate output is then given by

(B. 1) y = YoI EN= I KiatILia'2

If instead of equation (B.1), aggregate output is taken to be

(B.2) Y Yo (Y.Q 1 KI (Z Lia2

there will be, in general, a bias. We shall show that the bias is
always upward if a, + a 2 -> 1, that is, equation (B.2) always over-
states the true aggregate output if there are constant or increasing
returns to scale. We shall also show that the bias is indeterminate if
(Xl + a2 < 1.

First consider the case aI + ax2 > 1. Jensen's theorem states that if
al >0, U2 >0,and ot + a 2 > l,andKi>0,Li>O,i = 1, ... ,N,then

liN=I Kia'LiQ < (1 I Ki)'1 (YiN= L)a2

for all Ki's and Li's.' The theorem extends readily to the case of more
than two inputs. Thus, the bias due to the use of equation (B.2) is
always upward if oa, + aX2 > 1.

Next, consider the case (tl + at2 1. Holder's inequality states
that if a1 > 0, a2 > 0, and (xl + Ct2 = 1, then

1. See Hardy, Littlewood, and Polva (1952), p. 29.

250
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1l K'iiE2 < (IN__ Ki)Y" (YN 1)2

unless either (a) the Ki's and Li's are proportional or (b) either the
K1's or the Li's are all zeroes.2 The inequality extends readily to the
case of more than two inputs. Thus, a straightforward application of
the inequality shows that the bias due to the use of equation (B.2) is
always upward if al + a2 = 1.

Finally, consider the case al + a2 < 1. Two examples show that
the bias can be both upward and downward. First, let Ki = K, and
LL, i = 1, N.Then

Ei=I Kia'LU2 = NKaI -La2

> N(- + a 2 ) k1L-2

(NK)a1 (NL)a2

( 1 Ki)I (Ei= I L)a 2 .

Second, let Ki = K, K 2 = . KN = 0;

LI 0, L2 = L, L3 = . = LN = 0

Then
tjp=l K-"'L9 2

- 0

= (Ei= I Ki)I ('i= I Li)a2.

By continuity, the inequality is unaffected if all the zero quantities
are replaced by very small but positive quantities. Thus, we have
shown that the bias is indeterminate if al + a2 < 1.

If instead of equation (B.1), average output is taken to be

YIN = Y.i = YJN

= YO (1/N 1 i Ki)a' (1/N 1;iN=I Li)12

so that the aggregate output is given by

(B.3) Y = N[1 _ (aI + a2)] YO (IN I Ki)&I (>;i'= I Li)'2

there will also be, in general, a bias. We shall show that the bias is
always upward if al + a2 ' 1, that is, equation (B.3) always over-
states the true aggregate output if there are constant or decreasing

2. See Hardy, Littlewood, and Polya (1952), pp. 21-24.
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returns to scale. We shall also show that the bias is indeterminate if
al + a 2 > 1.

First, consider the case aI + a2 < 1. Under the conditions stated,
the Cobb-Douglas production function is strictly concave, so that

IIN IT= K,.ItL' 2 < (11N SIN I Kj)" (IINN I= Li)C'2

or
Y.iN I Kia ILi2 < NE' - (aI + 2)] ('FN I K.)aI (XN 1L )2

Thus, the bias due to the use of equation (B.3) is always upward if
a1 + a 2 < 1.

For the case a1 + a2 = 1, equations (B.2) and (B.3) coincide, so
that the bias is always upward.

Finally, consider the case a1 + a2 > 1. Two examples again show
that the bias can be both upward and downward. First, let K =K,

Ll= L,K 2 = ... = KN = O, L2 = =LN = O. Then

IN I K-1Li-2 = klLa2

> N[1 -(a' + a 2)] KJLa2, since

N[l - (aj + a2)] < 1

NL(aI + at2)] (V'= I K*)t1 (Y"= 1 L,)02.

Second, let K1 = K, K2 = = KN = °;

LI = O, L2 =L,L 3 = =LN = .

Then
y2= K-5 L " -2Q'tZ=, KitlL'2 = o

< Nt1 - (al + a2)] T(aLEa2

= N11 (al + a2)] (XN=I K))al (2 

By continuity, the inequalities in both examples are unaffected if all
the zero quantities are replaced by very small but positive quanti-
ties. Thus, we have shown that the bias is indeterminate if
al + a 2 > 1I

Now suppose the individual production functions are not Cobb-
Douglas but instead are of the constant-elasticity-of-substitution
(CES) form, so that

Yi = Yo[(I - 8) Ki + 5Lf] 1 (i = 1, . N)
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where YO > 0, 1 _ 8 _ 0, p ' 1.' What, then, are the biases in the
values of the aggregate output obtained from using the equivalents
of equations (B.2) and (B.3) for the CES case?

The equivalent of equation (B.2) takes the form

(B.4) Y = Yo[(1 - 8) (X1 = Kj)P + 8(7= I Li)P]"P.

The equivalent of equation (B.3) takes the form

Y = NYo[(l - 8) (1/N 'N=} Ki)P + 8(1/N I,= I Li)P]"/P

(B.5)

= Yo[(l - 8) (Xi= I Ki)P + 8 (I7=I Li)P] P

which is identical to equation (B.4). Thus, whatever biases may
exist, they are the same whether the aggregate or the average
representation is used. This is a direct consequence of the property
of constant returns to scale of the CES production function.

To determine the direction of the bias, Minkowski's inequality 4 is
used, which states that

XN= I [(I - 8) Ki + 8LP]1"P > [(I - 8) (EN= Ki)P + 8 (IN I Lt)P P
if p> 1

and

=1[(1 - 8) Kip + 8 LtP]t'P < [(I - 8) (EN= I Ki)P + 8 (o= Li)P] "P

if p < 1, p : 0

forallfinitep,whereK >O,L>O,i = 1, ... ,N,andtheKi'sand the
Li's are not proportional. The inequality extends readily to the case
of more than two inputs. Moreover, if p = 1, it can be verified
directly that

IN I [(1 - 8) Ki + 8 Li] = [(1 -8) (N= I Ki) + 8 (N= I Li)] -

Thus, we conclude that the bias is always upward if p < 1, p X 0. The
bias is zero if p = 1.

Finally, suppose the individual production functions are identi-
cal, monotonically increasing, concave, and take the values zero at
the origin but are otherwise unrestricted in form. What can be said

3. For p > 1, the production function is not concave.
4. See Hardy, Littlewood, and Polya (1952), pp. 30-31.
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about the biases? The aggregate and average representations are
given, respectively, by

(B.6) y = F(Y,&J= I Ki, S NI= 1 Li)

and

(B.7) Y = NF(lIN 3I~=I Ki, 1IN I= Li).

Two cases can be distinguished: constant returns to scale and de-
creasing returns to scale. Under constant returns to scale, equations
(B.6) and (B.7) coincide. By concavity,

I1IN IN I~ F(Ki, Li) 'F(I1/N EINy= I Ki, I1/N '5N= 1 Li)
or

J' IN= F(Ki, Li) '- F(YiN= I Ki, 1fi iN1 Li)

by homogeneity of degree one. Under decreasing returns to scale,
equation (B.7) continues to have an upward bias, since by con-
cavity,

3siN=1 F(Ki, Li) :5NF(I IN Y_iY I Ki, 1/IN YyI~= Li).

Equation (B.6) has an indeterminate bias, as shown in two exam-
ples. First, let Ki = K and Li = L, i = 1, . N. Then

F(K, L) = NF(K, L)

> F(NK, NL), by decreasing returns to scale

= F (I'= IKi, I N= 1 Li) 

Second, let K, = K, K2 = ... = KN = 0;

L, =O,L 2 =L,L 3 =... =LN=0.

Then
liN I F(Ki, Li) = F(K, O) + F(O, L).

Take the extreme example of

F(Ki, Li) = [min (Ki, Li)] "P, p > I

which can be verified to be a concave function with decreasing
returns to scale. Then clearly,

F(K, O) + F(O, L) < F(K, L)

= F(N,= I Ki, 1ij=I Li) .



APPENDIX C

Alternative Measures
of Goodness of Fit

CONSIDER A STANDARD LINEAR REGRESSION MODEL:

y = X,B + e
where y is a vector of observations on the dependent variable, X is a
fixed matrix of observations on the independent variables with full
rank, and e is a vector of stochastic disturbances with expectation
equal to zero and variance-covariance matrix equal to a2i.
Under these assumptions, the ordinary least-squares estimator
(X'X)- 'X'y is the unique, minimum variance, linear, and unbiased
estimator of P3.

In general, however, it is not known whether the set of indepen-
dent variables contained in the matrix X is the correct one. Very
often, there will be more than one set of independent variables that
seems equally plausible. One way to compare these different regres-
sions is to use a summary statistic that provides a scalar measure of
the degree to which the variations in the independent variables
explain the variations in the dependent variable. In general the
higher the value of the summary statistic, the better, in some sense,
is the regression. Many such summary statistics are available.

Three such summary statistics are examined: the coefficient of
multiple determination, R2 ; the coefficient of multiple determina-
tion adjusted for the degrees of freedom, R2; and the prediction
criterion, R*2.

The summary statistic R2 is probably the best-known measure of
the goodness of fit of a regression. It is defined as the proportion of

255
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the total sum of squares of the dependent variable around its mean
that is explained by the regression. It is measured by the formula

R 2 = 1 - e'el(y - y)'(y - Y)

where e is the vector of residuals from the regression, y is the vector
of observations on the dependent variable, and y is a vector of units
times the average value of the dependent variable.' The difficulty
with using R2 as a summary statistic for comparing regressions is
that it can be increased by simply adding more independent vari-
ables.

The summary statistic R2 is proposed by Theil (1961) as a crite-
rion for choosing between two competing regression models. Let
the two models be given by

Model I: y = XI P + F1

where Xl has full rank equal to K,

E(F1) = 0; V(EI) = cr1I

and Model II: y = X 2 02 + 62

where X2 has full rank equal to K2

E(e 2 ) = 0; V(F 2 ) = -2

Suppose the first model is the true model. Then the sum of squared
residuals from an ordinary least squares regression of the first
model divided by the degrees of freedom is an unbiased estimator of
O31, the true variance of the errors in the equation. The sum of
squared residuals from an ordinary least-squares regression of the
second model, divided by the degrees of freedom, however, will be
in general a biased estimator of u1 and, in particular, will be biased
upward. This can be shown as follows. The sum of squared residuals
from the second regression is given by

e'e 2 = [X 13I + 8 - X2 (XX 2) -'X2(XI3I + el)]'

IX1r3 + el - X2(X2X2) - X2'(XIP + e)]

E(e'e 2 ) = f3X [I - X 2 (X2X 2) 'XjX1j31

+ E{8E[1 - X2(X2X2) X2]E}

= P3XI[1 - X2 (X2X2) I 1XAX1,B3 + cr2(N - K2).

1. R2 may become negative if the regression does not include a vector of units as an
independent variable.
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Since [I - X 2(X2X2)- IX'2] is an idempotent matrix, it is positive
semi-definite, and thus the first term is necessarily nonnegative.
Thus,

E[e2e21(N - K2)] _ ot = E[e'e,l(N - K,)].

In other words, the expected value of the sum of squared residuals of
the true model divided by the number of degrees of freedom is
always smaller than the expected value of the sum of squared
residuals of the false model divided by the number of degrees of
freedom. Since these expected values are unknown, however, Theil
suggests using the unbiased estimates &2 and 62 to choose the true
model. This amounts to choosing the model with the lowest
eieil(N - K1). But e'e is related to the traditional R2 by

R 2 = 1 - e'el(y - y)'(y - y).

Thus, choosing the lowest eleil(N - Ki) amounts to choosing the
lowest (1 - R2)I(N - Ki) or, equivalently, the lowest (1 - R2 )NI
(N - Kg), since N is fixed. R2 is defined as

(1 - R2) = [Nl(N - K)](l - R2)

so that choosing the lowest (1 - R2)NI(N - K) is equivalent to
choosing the highest R2. T2 is referred to as the coefficient of multi-
ple determination adjusted for degrees of freedom. Although in-
creasing the number of independent variables necessarily decreases
(1 - R2), it also simultaneously increases N/(N - K), so that R2 can
decrease if the additional independent variable does not increase
the goodness of fit substantially. Thus, it offers some protection
against choosing a regression model that includes an indiscrimi-
nately large number of independent variables.

The summary statistic R*2 , proposed by Amemiya (1980), is
based on minimizing the unconditional mean square error of pre-
diction. Consider again the choice between two models. Suppose
again that the first model is the true model, and that the purpose of
the estimation is to obtain a good prediction of yo given a vectorX1 o
or X20. The mean square error of prediction, conditional on X,0,
using the ordinary least-squares estimator for the first model is

E[XlO(X',XD)- 1X,(X 1 , + 1) - 2- Fo

= o1[I + X,o(X,Xl)- IX1 O].

If, in addition, XI0 is treated as a random vector satisfying
E(X,oX,o) = (1N)(X,X,), the unconditional mean square error of
prediction for the first model is
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E((J2( + Xlo(XX 1 ) - IXIo)) = (T2 + K 1 IN.

The mean square error of prediction, conditional on X20 , using the
ordinary least squares estimator for the second model, is

E[X2 0 (X2X 2 )- 'X2(Xlp + e 1) - Xiop - 60]2

= o2[1 + X20(XiX 2 ) 1X 2 0 ] + [X2 0 (X2X 2 )- 1X2Xlpl - Xiop 1 ]2 .

The unconditional mean square error of prediction for the second
model is

2(1 + K2N) + ,X,X 2 X2XIpI/N + ,X;Xlp3 1/N

- 2,X,X 2 (X2X 2 )- IX2XAI/N.

The sum of the last three terms is always nonnegative. Thus,
the unconditional mean square error of the false model is always
greater than that of the true model. Again, the unconditional mean
square error is in general unknown. Amemiya suggests using un-
biased estimates l2 and (2 to choose the true model. Minimizing the
estimate of the unconditional mean square error is thus equivalent
to minimizing

etej(l + K,IN)/(N - K,)

which, since N is fixed, is in turn equivalent to minimizing

eiej (N + Ki)I(N - K1).

R*2 is defined as

I - R*2 = (1 - R2 )(N + K)/(N - K)

= [e'el(y - 9)'(y - y)][(N + K)/(N - K)]

so that choosing the lowest estimate of the unconditional mean
square error of prediction is equivalent to choosing the highest R* 2.
R*2 can be seen to be even more conservative in guarding against
the increase in the number of included independent variables than
is R2.



APPENDIX D

The Normalized
Restricted Profit Function

IN THIS APPENDIX WE INTRODUCE the concept of a normalized re-
stricted profit function and formulate a model within which ques-
tions of allocative efficiency can be studied. We largely follow the
approach developed by Lau and Yotopoulos (1971).

Let
Y = F(X,,.I , Xm,-; Zi,., Zn,)

be the production function of a farm, where Y is the quantity of
output, and the Xi's and the Zj's are the quantities of variable and
the fixed inputs, respectively. Examples of variable inputs are labor
and fertilizers. Examples of fixed inputs are capital and land. Of
course, in the very long run, all inputs are potentially variable. This
analysis is concerned with only the short-to-intermediate run, in
which (for reasons of either institutional rigidities or market im-
perfections) the supply of certain inputs to any individual farm may
be considered as essentially fixed. Then short-run profit, defined as
revenue less variable costs, is given by

P* = p0 F(X, Z) - i qi*Xi

= p 0 [F(X, Z) - 1Im` I qiXi]

= p,[F(X, Z) -' q'XI'

where p0 = nominal price of output; qi* = nominal price of the ith

1. X'Y- X,Yj.

259
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variable input; q, = q,*/p0, normalized price of the ith variable in-
put; andX, Z, and q are the vectors ofXi's, Z's, and qi's, respectively.

It is assumed that the objective of productive activity is to maxi-
mize short-run profit and that the farm is a price-taker in the output
and variable input markets. Thus, the farm maximizes profit with
respect to X, taking p, q*, and Z as given. This short-run profit is
referred to as restricted profit, because it is the profit that can be
attained when the quantities of certain inputs, the fixed inputs in
this case, are restricted. The restricted profit function, II, is a func-
tion of p,,, q*, and Z, which gives the maximized value of restricted
profit for each set of values p0, q*, and Z:

rl*(po, q*; Z) = Max {p,[F(X, Z) - q'X]} = po[F(X*, Z) - q'X*]
x

where the Xi*'s are the optimized quantities of the variable inputs.
Before proceeding further, one may observe that maximization of

restricted profit, P*, is equivalent to the maximization of normal-
ized restricted profit, P, defined by

P = P*/po = F(X, Z) - q'X

so that the X,*'s are identical for the two maximization problems.
The normalized restricted profit function is a function of q and Z
that gives the maximized value of normalized profit for each set of
values q and Z:

fl(q, Z) = F(X*, Z) - q'X*.

The normalized restricted profit function, H(q, Z), is more conve-
nient to work with for the purpose at hand, but the one-to-one
correspondence between n*(po, q*, Z) and fl(q,Z) should be obvious.

Assumptions on the Production Function

The production function is assumed to have certain properties.
Let R"+ and R+ denote the closed nonnegative orthants of R" and
Rm, and let R + be the interior of the nonnegative orthant of R'. The
assumptions on the production function are as follows:

(F.1) Domain: F is a finite, nonnegative, real-valued function de-
fined on Rm x R%+. For each ZeR%+, F(O, Z) = 0.

(F.2) Continuity: F is a continuous on RT+ x R%+
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(F.3) Smoothness: For each ZeR +, F is continuously differentiable
on R +, and the Euclidean norm of the gradient of F with
respect to X is unbounded for any sequence of X in R'+ converg-
ing to a boundary point of R + . For each XER +, F is contin-
uously differentiable on R0+ .2

(F.4) Monotonicity: F is nondecreasing in X and Z on R'+ x R"+ and
strictly increasing in X and Z on R'+ x R +.

(F.5) Concavity: For each ZeF +, F is concave on Rk+ and locally
strongly concave on R'+ .3

(F.6) Twice differentiability: For each ZeR?l+, F is twice contin-
uously differentiable on R'+.

The concavity and twice differentiability assumptions together
imply that foreachZeR + the Hessian matrix of F with respect toXis
negative definite on R +.

(F.7) Boundedness: For each ZeR%+, lim F(XX, Z)IX = 0, V XER +.

The boundedness assumption ensures that a bounded and attain-
able solution exists for the normalized profit maximization prob-
lem for all qeR +.

Assumptions (F.1) through (F.6) are sufficient to ensure that, if a
solution X* to the normalized profit maximization problem exists
for a given q and Z, the solution will be unique and lies in R + . The
additional assumption (F.7) is needed to ensure that such a solution
exists for arbitrary qER + and ZeR '+ .'

From any production function that satisfies assumptions (F.1)
through (F.7), a unique normalized restricted profit function can
always be derived, under the assumption of restricted profit max-

2. The Euclidean norm of a vector X is defined to be (X'X)'/. The gradient of a
real-valued function F(X) with respect to X is the vector of its first-order partial
derivatives with respect to X.

3. A function is strongly concave on a convex set C if there exists 8 > 0 such that

F[(1 -X)XI + XX2 ] > (1 -X)F(X1 ) + XF(X2) + k(l -X)8(Xl -X 2 )'(X1 -X 2).
(O C_ X C_ 1, V Xl ,X2EC).

See Roberts and Varberg (1973), p. 268 . An example of a strongly concave function is
F(X) = - X2. A function is locally strongly concave if there exists such a 8 for every
proper convex subset of C. An example of a locally strongly concave (but not strongly
concave) function on F + is F(X) = I - e-X.

4. See Lau (1978) for a proof of these propositions.
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imization. This may be accomplished by solving from the equations
corresponding to the first-order conditions for profit maximization,

aF/aX (X, Z) = q

for the optimum input demand functions, Xi (q, Z), i = 1,...,m, and
substituting these into the expression for normalized restricted
profit:

H = F(X*, Z) - q'X*

(D.1) = F[X* (q, Z), Z] - q'X* (q, Z)

= G(q, Z).

Every such normalized restricted profit function must possess
certain properties that are consequences of the assumptions on the
production function and of profit maximization.

Properties of the Normalized Profit Function

The properties of a normalized restricted profit function that
corresponds to a production function that satisfies assumptions
(F.1) through (F.7) have been established by Lau (1978). They may
be listed as follows:

(G.1) Domain: G is a finite, positive, real-valued function defined on
Dm x Dn

Rk + ws + .

(G.2) Continuity: G is continuous on R+ x R.

(G.3) Smoothness: For each ZER+, G is continuously differentiable
on R',, and the Euclidean norm of the gradient of G with
respect to q is unbounded for any sequence of q in R'_ converg-
ing to a boundary point of R',. For each qER'+, G is continu-
ously differentiable on R + .

(G.4) Monotonicity: G(q, Z) is nonincreasing in q and nondecreasing
inZonRm xRT.

(G.5) Convexity: For each ZER"+, G(q, Z) is locally strongly convex on
RA+ .5

5. A function F is locally strongly convex if -F is locally strongly concave.



THE NORMALIZED RESTRICTED PROFIT FUNCTION 263

(G.6) Twice differentiability: For each ZeR'+, G(q, Z) is twice con-
tinuously differentiable on R'+ .

The convexity and twice differentiability assumptions together
imply that for each ZeR + the Hessian matrix of G with respect to q is
positive definite on R'+.

(G.7) Boundedness: For each ZeR +, lim G(X\q, Z)IA = 0, V qeR +.

Given a normalized restricted profit function G(q, Z) its conjugate
may be defined as:

F*(X, Z) = Inf {G(q, Z) + q'X}.
q

Under assumptions (G.1) through (G.7), G(q, Z) is a closed proper
convex function on R + for each ZeRT?+, hence its conjugate function
is unique and equal to F(X, Z) itself. Thus, there is a one-to-one
correspondence between a production function that satisfies
assumptions (F.1) through (F.7) and a normalized restricted profit
function which satisfies assumptions (G.1) through (G.7). Given
either one, the other is uniquely determined through the conjugacy
operation:

G(q, Z) = Sup {F(X, Z) - q'X}

F(X, Z) = inf {G(q, Z) + q'X}.
q

Under the assumption of restricted profit maximization, the nor-
malized restricted profit function G(q, Z) then contains all the tech-
nological information on F(X, Z). Hence in the study of technology
under profit maximization it is sufficient to focus on G(q, Z) alone .6

Hotelling-Shephard Lemma

Because of the duality of the production function and the normal-
ized restricted profit function under the assumption of restricted
profit maximization, it is equivalent in the study of technology to
start with either the production function or the normalized re-
stricted profit function.

6. The duality between production functions and normalized restricted profit
functions is further discussed in Lau (1978).
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What makes the use of the normalized restricted profit function,
G(q, Z), particularly attractive, however, is the fact that its first-
order partial derivatives with respect to q are the negatives of
profit-maximizing input demand functions, and its first-order par-
tial derivatives with respect to Z are the marginal products of the
fixed inputs. This set of relations is known as the Hotelling (1932)-
Shephard (1953) lemma.

Under the assumptions on the production and normalized re-
stricted profit functions, it is easy to prove the Hotelling-Shephard
lemma. By partially differentiating equation (D. 1) with respect to q,
using the chain rule,

a fl*/a q = E 2= I (a Fla Xi) (a Xi*/a q) - E qi Xi*la q -X*(q, Z).

But, by the first-order conditions of profit maximization,

a FlaX = q.

Hence,

(D.2) a f*/a q = a G(q, Z)/a q = -X*(q, Z).

Similarly, by partially differentiating equation (D.1) with respect to
Z, using the chain rule, we obtain

a dI*/az = IT=I (aF/aXi)(aXt*/aZ) - I=I qi aXi-laZ + a FlaZ

which, again by the first-order conditions of profit maximization,
becomes

(D.3) a Hl*/a z = a G(q, Z)/d Z = a Fl/Z.

It follows from equation (D.2) and the definition of restricted profit
that the output supply function is given by

(D.4) Y* = fl* + q'X*(q, Z)

= G(q, Z) - q' a Gl/ q (q, Z).

Thus, given a normalized restricted profit function, G(q, Z), that
satisfies assumptions (G.1) through (G.7), the input demand func-
tions can be obtained explicitly by simple partial differentiation.
From duality, there must be a unique underlying production func-
tion satisfying assumptions (F.1) through (F.7), which gives rise to
the normalized restricted profit function and hence to the derived
input demand functions, under the assumption of restricted profit
maximization.
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Effect of Returns to Scale

A production function, F(X, Z), is homogeneous of degree k,k > 0,
if

F(XX, XZ) = \kF(X, Z), V X > 0, V X, Z.

If k > 1, F(X, Z) is said to exhibit increasing returns to scale.

If k = 1, F(X, Z) is said to exhibit constant returns to scale.

If k < 1, F(X, Z) is said to exhibit decreasing returns to scale.

The assumption of concavity of F(X, Z) in X for any Z is perfectly
consistent with increasing returns of F(X, Z) in X and Z.

What does homogeneity of the production function imply about
the normalized restricted profit function? Euler's theorem for
homogeneous functions requires that

(D.5) (a F/a X'X + (a Fla Z)'Z = kF(X, Z).

By substituting equations (D.2) through (D.4) into equation (D.5)
and making use of the first-order conditions for profit maximiza-
tion,

(D.6) - q'd Gla q (q, Z) + a Gla Z (q, Z)'Z

= k[G(q, Z) - q' a Gla q (q, Z)].

Equation (D.6) simplifies into

(D.7) (k - 1)q' a Gla q (q, Z) + d Gla Z(q, Z)'Z = kG(q, Z).

Equation (D.7) is the generalized Euler's equation for almost
homogeneous functions.7 Under constant returns, k = 1, in which
case equation (D.7) becomes

(D.8) a Gla Z (q, Z)'Z = G(q, Z).

Equation (D.8) says that G(q, Z) is homogeneous of degree one in Z
for any q. Starting from equation (D.8), the reverse substitutions
can be made:

7. For a discussion of almost homogeneous normalized restricted profit functions,
see Lau (1978).
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G(q, Z) = F(X, Z) - q'X

a Gla Z (q, Z) = a Fla Z (X, Z)

to obtain

[8 F'la Z]'Z = F(X, Z) - [a Fla X]'X

or

(a Fla X (X, Z)]'X + [aFla Z (X, Z)]'Z = F(X, Z).

Thus, we have proved

THEOREM. A production function F(X, Z) is homogeneous of degree
one in X and Z if and only if the normalized restricted profit function
G(q, Z) is homogeneous of degree one in Z.

Effect of Neutral Differences
in the Level of Technology

Two production functions,

Y, = F,(X,, Z,)

Y2 = F2 (X 2 , Z 2 )

are said to exhibit neutral difference in the level of technology if

F,(X,, Z,) = A,F(XI, Z,)

F2 (X 2 , Z2 ) = A 2 F(X 2 , Z 2 ).

In other words, the two production functions differ only by a scalar,
multiplicative factor, which is independent of the quantities of the
variable and fixed inputs. Al and A2 will be referred to as the
technological level parameters. Since the scalar factor can always
be absorbed into the function F(Xj, Z,) one may take A I = 1, A2 = A
without loss of generality. A then measures the difference in the
technological level between the two production functions, to use the
terminology of Chapter 3.

How do the normalized restricted profit functions differ between
two production functions that differ only by a multiplicative tech-
nological level parameter? Let Y, = F(XI, Z,), Y2 = AF(X2, Z2) and

H1(q, Z,) = Max {F(X,, Z,) - q'X,} = G(q, Z,).
XI
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Then

H2(q, Z2) = Max {AF(X2, Z2) -- q'X 2}
X2

= A Max {F(X2, Z2 ) - q'IA X 2 }
X2

= AG(qlA, Z 2 ).

The G( , ) is the same function for HnI and fl2*. Thus, there are two
differences between the two normalized restricted profit functions.
First, there is a difference in the scalar factor. Second, the normal-
ized prices, q, are scaled by the reciprocal of the technological level
parameter.

If A - 1, then, by the monotonicity property of G(q, Z) in q,

G(qlA, Z) ' G(q, Z), V q, Z

and hence

AG(qlA, Z) G(q, Z), V q, Z.

We therefore conclude that, for given q and Z, the farm with the
production function with the higher technological level parameter
will always have higher nomalized profits if both farms face the
same normalized prices and have the same quantities of fixed in-
puts. This is true regardless of the form of the production function
as long as the difference is technology between the farms is neutral.

Effect of Allocative Inefficiency

We next consider two farms with identical production functions,
but with different degrees of success in equating the marginal
products of the variable inputs to the normalized prices. If both
farms are successful in maximizing normalized restricted profit,
then the normalized restricted profit function can be realized and
will be identical for both farms. It is possible, however, that the
farms may be consistently and systematically allocatively in-
efficient.

Let us represent the situation as follows: for each farm, the mar-
ginal conditions are given by

a F(X1 , Z,)la XI = K1 qI; a F(X2 , Z2 )la X2 = K 2 q2

(D.9)
k1 = Diag [K]Ž _ O; k2 = Diag [K2] O
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where each Ki is a diagonal matrix, and the subscript refers to the
farm. If both farms are equally allocatively "efficient" in optimizing
with respect to the variable inputs, then k, = k2. A farm is alloca-
tively efficient only if it maximizes profit, that is, if and only if
ki = [I], a unit vector. Equation (D.9) may be interpreted as a set of
decision rules for the individual farms. k, and k2 may assume any
nonnegative values, and in particular, the special values of [0], a
zero vector, and [1]. They will be referred to in the allocative
efficiency parameters.

The fact that decision rules for the farm consist of equating the
marginal product to a constant times the normalized price of each
variable input may be rationalized as follows: (a) Consistent over-
and undervaluation of the opportunity costs of the resources by the
farms; (b) Satisficing behavior; (c) Divergence of expected and
actual normalized prices; (d) The elements of ki may be interpreted
as the first-order coefficients of a Taylor's series expansion of arbi-
trary decision rules of the type:

a Fila Xi1 = fil (q,i)

where fii (0) = 0. A wide class of decision rules may be encompassed
under (d).

From equation (D.9), the farms may be regarded to behave as if
they maximize normalized restricted profits subject to given nor-
malized price vectors K1 q1 and K2 q 2 , respectively. Let G(q, Z) be the
normalized restricted profit function corresponding to F(X, Z). The
behavior of the two farms may then be derived from the "behav-
ioral" normalized restricted profit functions:

Ib = G(kiql , ... k.imqlm; Z11 . Z, pi)

2 = G(k21q21, ... k2mq2m; Z2 1 , . Z2n)

Treating K1qI and K 2 q 2 as the given price vectors, the input demand
functions are given by the Hotelling-Shephard lemma as

Xi; = - a G(Kiqi; Zi)1akijqii (i = 1, 2; j = 1,..., m).

The supply functions are given by

Yi* = G(Kiqi; Zi) - 1;1 I kiiqij a G(Kiqi; Zi)l kiqi, (i 1, 2).

The actual normalized restricted profit function is not, however, in
general equal to the "behavioral" normalized restricted profit func-
tion, because transactions are effected in actual normalized prices,
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qi, rather than the hypothetical normalized prices Kiqi. The actual
normalized profit functions are given by

[la = Yj* - Im,= I qijXi .

First, if ki = [1], that is, if the farm actually maximizes profit, the
"behavioral" and the actual normalized restricted profit functions
coincide. Second, actual normalized restricted profit functions and
the output supply and input demand functions are identical for
both farms if and only if k, = k2. This last result provides the basis
for testing the null hypothesis of no difference in allocative effi-
ciency. When an appropriate algebraic functional form is specified
for G(q, Z), the null hypothesis that k1 = k2 may be tested by com-
paring the coefficient estimates obtained from the actual normal-
ized restricted profit functions or the output supply functions and
input demand functions of the two farms.

Measurement of Relative Economic Efficiency

In general, of course, two farms may differ in both their techno-
logical level parameters and allocative efficiency parameters. Then

Y, = A1F(X1, Zr); Y2 = A2F(X2, Z2)

(D.10) aF(X,Z1)I8Xl = KlqIAI; a F(X2 ,Z2)IaX2 K2q2IA2

k, = Diag [K1] _ 0; k2 = Diag [K2] 0 .

Let G(q, Z) be the normalized profit function corresponding to
F(X, Z); then the "behavioral" normalized profit functions are given
by

I = G(kI1q11/AI1 .. ., klmqlmlAl; ZlI, I X Zil)

f2 = G(k2 Iq2u1A2, .. k 2mq2 mIA2 ; Z2 1, Z2n)

Again, treating Kjq 1/Ai and K2q2IA2 as the given price vectors, the
input demand functions are given, by the Hotelling-Shephard lem-
ma, as

X= - a G[(KiqilAi); Zi]la k11 qijlAi (i = 1, 2; j = 1, . . , m).

The supply functions are given by



270 APPENDIXES

Y;* = AiF(Xi, Zi)

= Ai[G((KiqilAi); Zi)

-I I7= ki1qi1lAi a G[(KiqilAi); Zi]ll k1j1jqlAj] (i = 1, 2).

And the actual normalized restricted profit functions are given by

fli = - IT I qijXii

= AiG[(KiqilAi); Zi]

+ 11% (I - kii)qi a G[(KiqJ/Ai); ZJilkqqijl/Ai (i = 1, 2).

These expressions may be simplified by applying the chain rule of
differentiation, so that

Xi, = - A/lkij dG[(Kiql/Ai); Zi]llqiq (i = 1, 2; j = 1,..., m)

Yi = Aj{G[(KiqilAi); Zi]

- X7TI qij aG[(KiqilAi); Zi]laqii} (i = 1, 2)

rl*a = A,4G[(Kiqi/Ai); Zi]

-' I = [1 -(l/kij)]qgi aG[(Kiqi/Ai); Zi]/lqii} (i 1, 2).

One may differentiate rlH' with respect to Ai:

arl'/aAi = G[(Kiqz/Ai); Zi]

- Ai l= i {aG[(Kiqj1Ai); Zi]lakiiqii/Ai}kiiq Z

IX=i (I - kij)qij I'

{d2 G[(KiqilAi); Zi]/d (kiiqzzlAj) d (kjjqjj1Aj)}kjiQi1A1;

= G[(KiqilAi); Zi]

Ai 5j=, I{dG[(KiqzlAi); Zi]lakiiqijlAi} kijqilA~

I A I' IaG q KqadG[(KiqiA ); Zi]l

a)(kiiqijlAi) a(kjjqij1Ai)jkjjqij1A1?

- IT, ImI kijqi)a2G[(Kiq/lAi); Zill

.9(kijqijlAi) a(kijqij1Ai)jkijqij1A i

whereas the first, second, and fourth terms are in general positive
because of assumptions (G.1) through (G.7) on the normalized re-
stricted profit function (the fourth term is a positive definite
quadratic form because of the local strong convexity of G(q, Z)), the
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third term is indeterminate in sign. Thus, in general, aHrll/dAi can-
not be signed unambiguously.

Observe that if and only if A1 = A2 and k, = k2, the actual normal-
ized restricted profit functions and the output supply and input
demand functions are identical. If and only if ki = [1], there is
perfect allocative efficiency. Two farms can be equal in allocative
efficiency (k1 = k2), however, without being equal in the level of
technology (Al = A2) and vice versa.

In general, the actual normalized restricted profit functions may
be identical without either the technological level parameters or
the allocative efficiency parameters being equal. The difference
between the two actual normalized restricted profit functions may
be used as a measure of relative economic efficiencv between two
farms. A farm is relatively more efficient than another farm (for
normalized prices within a prespecified domain) if its actual nor-
malized restricted profit function is higher for all such prices. Rela-
tive economic efficiency may change as the price domain of interest
changes. Hence it is always important to define the exact domain
over which relative economic efficiency holds.

Specialization to the Case
of Cobb-Douglas Production Function

We now specialize the analysis to the case of Cobb-Douglas pro-
duction function. Let

Y = A Hl%l= 1 Xi7ai 11 4 I Zpi

where (xi > 0, Bj > 0, V i, j, and bv the local strong concavity assump-
tion rIH I ai < 1. The first-order necessary conditions for profit max-
imization are

d Y/dXi = otiA H'k Xkk fl7, ZPi/Xi = qi (i = 1, m)

where the farm subscripts on the normalized prices have been
suppressed. Taking natural logarithms,

YU= I ak ln Xk -ln Xi = ln (qf1 a,)-lri (A H' I Zi) (i =. in).

This system of equations in ln Xk's may be written in matrix form as
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' G-1 (t2 -nz ' In XI

a1l a 2 - 1 . . am In X 2

al a2 an- I In XI,

In (q 1/a 1)-In [A Xj= Zji]

= In (q2 1a2 ) - In [A Vi Zi]

In (q,l,ota,,) - In [A 11% I Z;i] .

We shall solve this system of equations by finding an inverse to
the matrix on the left-hand side, say A. The elements of A- are
given by

(1_ I Oi) ..... a2 . an?

A`- =-( -XiI() -1 ( -- l T= a )

a1 . 2 ..... 012 (.-. ai)

a result that may be verified by direct computation.
By making use of A -'the input demand functions can be solved

as

lnXi' = (ai/( - V11I a;) + I) In (q11ax)

_ o tj/(1 -. Ij= ai) In (qi/a;)

+ 1/(1 -Y.'= 1 ao) In [A rIF ZPji]
(i = 1,..m)

or

X* (qj/otj)- F1_~ )+ ] n T= l(qj/otj)Gtj/( I L )

jizk

AP -W tl pii(l -Z (O = ,... m)

where pL ITI ai. By substituting these values of Xi* into the
production function, we obtain the output supply function:
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Y*= A H1I= Xl H=zpi

= A('->) = (q-/cxI)fi'(l=) Wl2 ZPi

The normalized restricted profit function G(q, Z) is therefore given
by

G(q, Z) = Y*- I qiXi"

= A(' - (I1 - R) rE7. 1 (qi/oxi) at -(I >L

njn= l ZiPA1 - 4).

One can verify directly that

aGlaq = -X*

G(- aG/d q)'q = Y*.

Given G(q, Z), the formulas derived in the previous section can be
applied to obtain the actual normalized profit functions and the
demand functions for a farm with technological level parameter Ai
and allocative efficiency parameter ki as

ria = Ail - R)-'(1 -11T= I aXjlkij) R1m I k-- ai l-> [riT I t{j aj (l - 01 

[I T,. I qj ai( > [111% I ZjPi ->- =1 2

Xi = A,(' (1x , kjqI) [ H, k k- a J (1 0-'] [ fm al (I -ot i

[HT= I q - aP -W)-] [11% I ZPi (1) )], (i 1, 2; j 1,

From these two equations, one may derive

qiXijmH? = (otjIk1j)I(l - 11%L rlxIkij) (i = 1, 2; j = 1, ... , m)

so that the ratio of expenditure on the jth input to the actual
restricted profit is a constant. Moreover, this constant depends only
on the allocative efficiency parameters, ki, and the elasticities of
production of the variable inputs. It is independent of the techno-
logical level parameter and the elasticities of production of the fixed
inputs. If and only if ki = 1,j = 1, .. . , m, then the constants become

q,Xqj/H?, = (ojIkjj)I(1 -E' 1, oi/kil) = otj/(1 - ' 1 a,)

(j = 1,... -, m).-

Sufficiency is obvious. Necessity can be shown as follows. Cross-
multiplying both sides by the denominators,
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(1 - I-I= 7L)/k[ = (1 - 7L a/ki1) (j 1 . in).m)

This defines a system of simultaneous equations in the unknowns
l/ki1, j=1, m, which may be written in the matrix form:

j*11

(l _ I l) a3 .... * tam Ilki 2 1

(XI .. a °2 .... (1 - I al1) llki 1.

The matrix on the left-hand side, say A*, is - (1 - _t`= I oi)A - ,
which has been derived earlier. A* - -= (1 - E T= i- 'A, which
is equal to

a1 - 1 a2 . tm
al a 2 -.am

A* = -(1 - o,i a1) 1

at1 a2 ... Otm

It then follows by multiplying the right-hand side of the system of
equations by A" -'that

1Iki = 1 (j = 1..m)

which in turn proves that

ki1 =1. (j=1.,m)

Taking natural logarithms of the actual normalized restricted
profit function,

In fl = In A*' + I7T qo In qi + 1 5 ' In Z,

where

In A*= (1 - I) ' In Ai + In (1 - I7_I a,!ki;)

- j7L, a1 (1- p.Y' In kii + II 1 a (1 - p)' Ina 1

Olj'- O(j O1->-1( ,.. m)

pXf -3 p (I - ) j=1 .,m)

so that the actual normalized restricted profit function of two differ-
ent farms differ by only a scalar multiplicative factor Ai*. The ith
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farm is said to be relatively more economically efficient than the jth
farm if the ith actual normalized restricted profit function is greater
than the ith actual normalized restricted profit function. In the
Cobb-Douglas case, this implies A*- > A*, which is also sufficient for
the ith farm to be globally (for all normalized prices and fixed
inputs) relatively more efficient than the jth farm. We note further
that for the Cobb-Douglas case, aHi*'a/Ai > 0, V i, so that an in-
crease in the technological level of the ith farm always increases the
actual normalized restricted profit function of the ith farm. Conse-
quently the farm with a higher technological level parameter also
has a higher normalized restricted profit function.

The ratio of expenditure on the ith input to profit for the ith farm
may be written as

- qyXijl fl i' --I oi-i * (i 1, 2;j = 1 . m)

where

a,i X-- otilkq/( - 1=l otIlkil) (i = 1, 2; j = 1, ... , i).

Four observations may be made. First, two farms are equally
allocatively(in)efficient (k = k2) if and only if ot;"' = ax2**,j = 1.
m; second, a farm is allocatively efficient (ki, 1) if and only if
ot* = aP, j = 1, . m; third, two farms are equally economically
efficient if and only if ln A l = ln A2; finally, two farms are equal in
technological level and allocative efficiency if and only if ln A i = In
A2 and cx-* = (xc4-, j = 1, . m. , m. These four observations form the
basis of the empirical tests of relative economic efficiency between
two groups of farms.

Finally, if ln A f' is greater than ln A2{, then the marginal product of
the actual normalized restricted profit function with respect to the
kth fixed input will be greater in the first farm than in the second
farm if the normalized prices and the fixed inputs are the same on
both farms. To the extent that the latter variables are different, the
marginal products, or quasi-rents, will be different. By the Hotel-
ling-Shephard lemma, the marginal profit of the profit function
with respect to the kth fixed input is precisely the marginal product
of the production function with respect to the kth fixed input.
Therefore the marginal products of the fixed inputs may be com-
pared by comparing the partial derivatives of the actual normalized
restricted profit functions with respect to the fixed inputs. Such a
comparison may have important implications on the relative de-
sirability of alternative distributions of the fixed inputs among the
farms.
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