
MALNOURISHED 
CHILDREN OF 
THE RURAL POOR 
The Web of Food, Heelth, 
Education, Fertility, 
and AgriculturalProduction 

JUDITH B. BALDERSTCN 
ALAN B. WILSON 
MARIA E. FREIRE 
MARI S. SIMONEN 

of the Berl'elv'i Project on Education( .\ utrition 

tvith Fort'wOtrd. by 

CHARLES S. BENSON
 
SHELDON MARC-EN
 

cAuburn House PublishingCompany 
Boston, Massachusetts 

I 



FOREWORD 

by Charles S. Benson 

In 1964 James B. Conant wrote, "All over the world today nationalgovernments are considering educationd problems in revolutionaryterms." So it seemed to be. Theodore Schultz, Edward Denison,and other economists had made the case that expansion of schooling 
is 
leads to economic growth and to the elimination of poverty-whichnot quite the same thing. Human capital theory becameaccepted in the body ofneoclassical economics. Tile greatest impactof the Schultz-Denison argument in the real world occurred not inAmerican or in the rest of Western society, but in the developing nations. Spurred by offers of grants and lo:ns from th? World Bank, theAgency for International Development (AID), and other international agencies, Third World countries poured huge sums of moneyinto thir education budgets.I was among the educational planners sent abroad to work indeveloping countries during the 1960s a.nd I came not to like what Isaw happening. True, certain forms of technical education appearedto make a contribution to the economic growth of the countTy,these activities were butmost generally a small part of the total education enterprise. What seemed patently fidsc was the idea that educational expansion, pursued as a single major isolated policy initiative,did much to hielp poor people. In the first place, children of poorpeople do not attend school very long. Even when a 
poverty child
manages to make it through the grades,
badly in examinations, he (she) tends to do rather
In the second plave, educational expansionusually is associated with a rse in credentialism of' the monetarizedsector of the job market, so less-educated groups in the populationget themselves more securely locked out of economic opportunitythan they ever were before. Reflecting on my expe.iences in 1970, 1wrote the fbllowing: 

An adviser in educationfeels conscience-bound to join with those ingovernment, and outside, who arguefor raisingthe amounts of global
allocatikrns to education. He inay also feel it necessan 
to plead for
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increased allocations to those kinds of services thvt seem to offer 
benefits to the masses, ratherthan those that servefor the most part, 
the elite. In my experience, the adviser and his local colleagues are 
likely to be nujre successful in the former venture than the latter, 
rhetoricof plan documents notwith-standing. So no natter what his 
intentions, the (education) adviser becomes a handmaiden of the n-
trenched ruling classes. Education is not dealt with in revolutionary 
terms, contrary to Conant. 

The radical economist might say that no one should expect educa
tion or expansion of an educational system to bring about a change in 

the class struct7:-e because the educational system exists to assure 

social reproduction. But the needs of social reproduction do not 
demand that the poor people of developing nations be as desperately 

poor as they now are. Consequently, it occurred to me that perhaps 

social policies for human development are too narrowly defined. In 

-.ne case of education, for example, we hear a lot about "quality of 

teacher," meaning the teacher's competence to instrct, but seldom 
anything significant about the quality of student, meaning the stu

dent's physical and mental competence to learn. Let's put it in terms 
of a trad--z;.f of resources. As seen by a village, educational expan
sion means adding another ioom to the schoolhouse and hiring 
another teacher. If our goal is social mobility, it inight I.e better to 
spend the extra resources, or some of them, in another way. namely, 
to improve tl'e health of low-income children, so that they may 
enter school more readily, and, once there, pay attention. 

It was from raising such questions that I had a modest share in 
helping the project get started. The outcome far exceeds my early 
hopes. The authors are able for the first time to examine thoroughly 
the effects on very young children of several social interventions 
pursued simultaneously-among them, nutrition, health, and 
education-and to conduct this examination with the benefit of de
tailed knowledge of the context of tunily and village. 

A note of caution. In the chapter on policy conclusions it is sug

gested that the goal of social mobility requires a con-entrated eflort 
along several difficult lines all at once. If poor people are to benefit, 
we need to be concerned simultaneously about nutrition, health, 
education, family planing, cooperative work arrangements, and so 
on. The reader may be inclined to throw up his (her) hands and say, 
"But if it will all cost so much money. it's impossible." It will cost 

great e'iort and persistence in planning, true, but actually not too 
much money, not necessarily in the setting of the developing world. 

Foreword 

Much ofwhat is proposed could be done rather cheaply, especially if 
local professionals were prepared to perform more than one set of 
tasks. The main d&"-,ultv to li overcome in establishing a more 
complete, integrated, and therefore effective program to help poor 
comlenrated, an the pramtelp oor 
children reach their human potential is the fragmented, and often 
competitive, structure of social service agencies in Third World 

countries. It is a problem known to us in the United States as well. 
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FOBLIEWORD 

by Sheldon Margen 

In the flush of exuberance at the end of World War 11, just as we 
finally felt free of the scourge of war, pestilence, and poverty, the 
now-deceased Lloyd Boyd Orr struck a note of alarm: He told us that 
two thirds of the world's children went to bed starving and real-
nourished every night! However, in the euphoria of the immediate 
postwar period, many interpreted this iot is a warning, but as a 
challenge. The world was at the threshold of change and all would 
share in the benefits, if not equally, at least to a greater degree. But 
-alas, now more than forty years later, the problems are still with us, 
not only in absolute numbers, but -alsoin greater magnitude. 

As the solutions continue to elude us, and poverty and inequity 
continue to mount, we have seen that, of all the effects, the associ-
ations with malnutrition appear to be the most pernicious. To a great 
extent high infant mortality in developing countries can be attrib-
uted either to malnutrition per se or to complications that occur in 
weakened, nutritionally deprived children. 

Pover.y and food deprivation move hand in hand; no. ., the poor 
are malnourished, but virtually all the malnourished are poor. As 
wtirld leaders grow to understand that poverty and hunge, ,are not 
about to disappear, new questions arise. What causes malnutrition 
and poverty? These conditions were found to be embedded in such a 
complex morass of sociocultural, economic, and political factors that 
short-range solutions were totally impossible. Somehow we are be
coming inured to the spectre of death. The dead cannot cry out for 
justice. They cannot revolt. What of those who have been mal
nourished and manage to survive? What is their ftiture? What kind 
of life may the ill-fed expect to live? What kind of permanent im
pairments will they stffer? How many of the malnourished exist? 
Are their physical and mental impairnents so great that they cannot 
escape the web of poverty and deprivation? tire they incapable of 
learning or competing both as individuals and as societies because of 
irrevocable injuries suffered from malnutrition and illness in child
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hood? Would special fbod programs for pregnant mothers and chil
dren alleviate this? These are important questions but they are 
asked in a spirit of humanity, not understanding. 

Before the questions and problems have been carefully analyzed, 

however, policies have been instituted to alleviate "the situation." 
Massive feeding programs, development of high-protein foods, and 
a concentration on calories have all been proposed as the solution. 
But the problem has yet to be clearly defined. Extensive studies 
were set up to determine the elfects of mild-to-moderate food depri
vation on "mental development." Not only was the definition and 
measurement of mental process difficult; it became clear that all 
types of social deprivations-including food-could lead to serious 
deficits of mental development. The waters became increasingly 
muddy. But our group in Berkeley, studying education and nutrition, 
decided to plunge in anyway. We had no illusions that we would 
come up with "answers," definitions of the problems, or suggestions 
of specific policy. By and large, we got into this "because it was 
there," and we wanted to see what we m:ght learn. 

We examined one broad, complex, major experiment and found 
many startling conclusions. The findings speak clearly for them
selves, but a certain ,nurkiness must prevail because, its with all 
r-_.search, the presence and past of experimenter and analyst become 
part of the results. The interpretations of our findings will also be 
modified by the reader. For our part, if this nook can contribute to 
saving one child from death, deprivation, illress, or hunger, we 
would all feel our work was not in vain. 
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It is hard to avoid statistics abmut poverty, hunger, inlant mortality, 
and widespread malnutrition. Almost every day the grim fiicts are 
placed before us-sometimes in appeals for charitable contribu-
tions, but more often in discussions of the interdependencies of' 
world economics and politics. 

For many years the majority view among development 
economists was that poverty and malnutrition could be alleviated by 
economic development. The World Bank, which typified this view, 
shifted its position in 1980 to call attention to the biasic needs of those 
continuing to live in absolute poverty. In its latest World Develop-
ment Report (1980, p. 32) the Bank comments: 

The casefor hunwn developnwnt is not only, or even pruinrily an 
economic one. Less hunger,fewer childleaths,and a better chanceof 
Primaryeducation are almost universa!ly accepiedas important end, 
in themselves. But in a world of tight budgetary and manpower ron-
straints,the governments of deTveloping countries must ask what these 
gains would cost, and what the best balance is between direct and 
indirect ways of achieving them. 

No matter how gains are measured-in terms of economic 
growth, of alleviating absolute poverty, or of distributing income 
more equitably-the improvement of living conditions for the poor
will continue to be of central imporL ice for international aid agen-
cies and governments. The analytical study upon which this book is 
based was undertaken by the Berkeley Project on Education and 
Nutrition in order to contribute to understanding more fully the 
consequences of poverty, particularly poor health, malnutrition, and 
illiteracy. We hoped that, by looking at interrelationships among 
these conditions, we would be able to oflfer some directions for 
remedial policies. 

When we began, we expected to see a set of well-researched and 
measured interrelationships; we were surprised, however, to find 
that many unexplored areas existed. We had to retreat from our 
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intended approach as policy analysts and begin our work in the 
research domain. In conducting this research we found -alsothat we 
could not limit ourselves to the original areas of interest but had to 
enlarge the study to include other dimensions of life, such as the 
determinants of family size and farm productivity. We were able to 
examine many aspects of lives of people in rural communities in 
Guatemala and, at the completion of our analysis, to combine sepa
rate conclusions into a more comprehensive whole. 

We began with the search for relationships between nutrition and 
education and the out-of-school performance of young people. 
Originally the study was undertaken to (1) test hypotheses regarding 
the relationships between education, health, and nutrition, particu
larly with respect to the effect of nutrition on school performance 
and activities of children; and (2) analyze how acceptance of nutri
tional supplementation, health care, contraception, and education 
relate to family income, parental literacy, and education. At the time 
the study was proposed and funded it was suggested that our work 
would "be useful in predicting the effects of early malnutrition on 
later stages in the life cycle and how early growth and development 
are related to success in school and in the performance of economic 
activities." 

To carry out such an investigation requires collecting data in a 
wide variety of areas-physiological, nutritional, socioeconomic, 
psychological-and in natural-setting environment wherea the in
teraction among areas would take place and be observed. It was 
there're extremely fortunate that the ambitious and costly Ion
gitt nal study by INCAP (Instituteof Nutritionof CentralAmerica 

ana t'anana)-funded by the National Institute of Child Health and 
Development between 1969 and 1978, and by RAND (through 
Rockefeller Foundation funding), in 1974-1975--had already taken 
place in the four villages in Eastern Guatemala. Because a large and 
varied data base had been amassed out of these projects it was 
possible to make the connections between children's individual 
growth and development, their families' economic and social condi
tions, and the en,'ronment of the village economies and schools. It 
was hoped that results (obtained through the use of appropriate 
analytical models) would be useful tor policy formulation in interna
tional agencies, mainly by stressing the importance of intersectoral 
planning in less-developed countries. 

At the time of our proposal it was recoguized that, -althoughmuch 
was already known about effects of severe malnutrition, the result of 
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chronic malnutrition on human functioning deserved much more 
investigation. Nutritional science, well developed in the laboratory, 
had noi yet been able to translate known chemical and biological 
relationships into functional outcomes. The purpose of INCAP's 
ambitious study had been to see how some nutritional and health 
inputs related to growth and development outcomes. The Berkeley 
study aimed to enable educational and other planners to see how 
nutritional change might affect educational outcomes. 

To integrate plans made separately by organizations i' various 
fields-such as nutrition, pUDlic health, rural development, and 
educatio.! -would potentially improve the cost-efectiveness of pro-
grams. Since such integration requires knowledge of relationships 
between separate sectors, it was suggested that data from the 
INCAP and RAND studies in Guatemala would provide many im-
portant research results. 

The chapters of this book represent the work carried out by the 
members of the Berkeley Proiect. Chapter 1 discusses the need for 
research, Chapter 2, the background of the Guatemalan study. 
Chapters 3 through 6 present the analytical studies, using the 
Guatemalan data: Chapter 3, longitudinal analysis of diet, growth, 
development, and school performance; Chapter 4, determinants of 
school participation; Chapter 5, the relationship of schooling to 
agricultural efficiency; Chapter 6, the relationship of schooling to 
fertility. In Chapter 7 we discuss the policy implications of the re-
search findings. 

We hope these findings will be of interest and importance to those 
responsible for making plans in a variety of sectors. The data base is 
so rich that we have only been able to tap a small part of it. We 
expect, and hope, that others will go further by using the informa-
tion from INCAP and RAND as well as undertaking related studies 
in other places. It is unlikely that such an i8mbitious collection of data 
will be made again; instead, lessons learned from Lhe strengths and 
weaknesses of the INCAP and Berkeley efforts will assist researchers 
who follow. We believe that some results of our investigation could 
indicate definite policy steps, while others will need to be further 
clarified. 

We are grateful for the financial support of the United States 
Agency for International Development. Our research results and 
discussions of policy implications are, however, our own and not 
those of AID. 

Professors Charles Benson and Sheldon Margen undertook to 
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oversee the Berkeley Project oil Education and Nutrition as Co-
Principal Investigators. Judith Balderston was Project Director and 
Alan \Vilson. Maria Freire, and Nari Sinonen were involved 
throughout the project. Although this work represented a group 
effort, individuals took responsibility for separate parts of the 
analYsis. The names of the separate authors identify the individual 
chapters of the 1(Y)k. 

We are grateful indeed to INCAP, the National Institute for Child 
Hlealth and Development, and the Nat:onal Science Foundation 
who supported the tremendous data collection in Guatemala. Many 
people associated with INCAP were very helpful to us: Robert 
Klein who directed the study, William Owens, Charles Yarbrough, 
Marc Irwin, John Townsend, and Revnaldo Martorell. We are also 
grateful for the support of tile Rockefeller Foundation in the ex
tremely vi,uable ItAND study. Dr. William Butz at IAND was espe
cially generous in providing data and taking time to help us. Patricia 
Engle and Carol Clark both were helpfiul and knowledgeable sources 
of information on RAND and INCAP data. 

We thank the stadfat AID, particularly Dr. Anthony Meyer, and 
the members of the research review committee, Drs. Sam VWishik, 
Laurence Lum, and [lenry Ricciuti, whose comments were of great 
benefit in interpreting our results. 

Several members of the Berkeley stA'lt do not appear is authors 
but ptrticipated, nevertheless, in crucial activities. Jane Fraser's 
massive organization of the data nase was essential to our work. Vien 
Phan and Pats Fosler prepared files for analysis. Jo-Ann Work 
shared much of the adininistrati-e burden. Lynne Reilly energeti
cally kept up with the paper flow of so many authors. Marie-Anne 
Seabury helped us translate our technical language into English. 
Helen Green made it possible to finish the book on time. We thank 
them all. The ultimate responsibility is with those of is whose names 
are found on the individual chapters. 

J.B.B. 
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Chapter 1 

INVESTIGATING THE WEB
 

OF POVERTY-THE NEED
 

FOR RESEARCH 

by Judith B.Baldrston 

...poverty inmodcri nations isnot only a state of 
economic deprivation or- disorganization or of the ab

sence of something. It is also something positive in the 
sense that it has a structurc, a rationale', and dfense 
mechanisms without tw/ich the poor could hardly carry 
on. In short it is a way of life, renuirkably stable and 
persistent, passed down .from Lencration to genration 
along family lines. The culture of poertty has its own 
imodalitiesarid distinctive social atid psychological con
sequences fir its members. Itis adynamtic factor which 
affe'cts participation in the larger national culture and 
becomes a sutlnlture of its own. 

The Childrenof 
sanchl: Mindnin Jlouse. 1961) 

Oscar lAwvis, 

.poor children ar(' not merely born into poverty; 
they are born of poverty ... 
..


IHerbert Birch and Joan Gussow. 
I)iMadrmntaged Children H'alth, 

Nutrition and School Failure (lar
court Braew and World, Inc., 1970) 

It is difficult to measure the extent of porerty. To begin 
with, absolule poverty means more than low incomne. It 
also means malnutrition, poor health, and lack of edu
cation .... 

The World Bank, World 
DIreohmwnt Riport, 1980 
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Mlnoum.td qf duhihldrc.tl'Rural Poor 

Children of poor rural tfmilies are caught in all intergeieerational
web of multiple hazards: malnutrition, poor health. illiteracy, poor
housing, and lack of economic and social opportunity. Tfo extricate 
them fi-oni a web So stable, persistent, and daniaging calls for major
and difficult change. Because of the great number of' poor people
and the ubiquity of poverty, even coliparati velh minor changes in
individual lives becolne huge overall investne'its. And it mnay be
especially hard: tojustitfy investing even in surih basic needs as public
health, nutrition, and education if'enhanced t'conoinic lproductivitv
and development, or more etuitable distrihumtion of income, cannot 
be demonstrated. 

The ef _cts of'pov'erty and fil hire are all too evident ill luallyparts
of the world. At birth and during the earliest months of" lif"' maNy
cliIdrenm fuce heal th IhazamL' that have.lon-termi Cfl'cts ) 'gmuwowtil
and developnu'nt. In addition, c'ontimuuimlg nutritial deprivation
and ill-health tend to caulse ongoing and increasing damuage, \'hich

become handicaps to work and learning 

The child in the impo\'erish-d fionily and co~mlntnimitv thus is ,u11l-
tiply deprived. Because of. 1, erty, the child typictllv isreal-

nourished and in poor health, the effects of diet and lcalil 
 interact-
ing and magnif'ying. Growth is stunted due to p:)or prenatal and

early diet. I Iealth conditions of' the timuilv art' muiseralble becatust. of'

overcrowded, makeshift housing without potable water anid sijita-

tion. Adult funily ine 
 be'rs, also having known poxrvty and depri-

ration, are likely to be poorly nou-isled, and tosuffelifon disease:
also, typically illiterate, they work at low levels oI produicti\itv and

for very low pay. 
 Under such inauoscius conditions the chil'd be-

gins life.with)tw op~portunities. 
Already lir eit,by the lhysical seq u (ence.sild d ('.)IISt'u

of' this environment, children are further restricted by the economic
need fbr them to work whic!i begins at a Vciv eaVrly age. Parents who

feel that the (very pressing) need for childr 'n's present work out-

weighs future (reinote) benetits inincreased earnings are unlikelhlet their children go to school. And the absence 

to 
tf'ducition. \wh~ich 

actsiasan agent for economic opprtjnit., Il, further handicap the 
child's fu~ture.The malnouuished child iiving il rural poCertv fitces tbleak tIl-
ture, similar to the parents' piast. Fromu teneration to generation, in 

filet, these conditions ma1ilYIle W\'orseId by increitst'd pMptILLtti1 and
depleted natural resources. Such ,nutuallv reinforcing deprivations
increase the deficits; poor diet and health a'f'ct tlhe"physic! capacity 

of children to explore and interact withl tilt- elviroun 1t. 

Investigating the Web of Poverty-The Needfor Research 

Therefore, it is not surprising that physical damage is done to the
developing child and that economic and intellectual potentials are
curtailed. It is surprising that the human body is adaptable enough 
to survive and to cope with severe physical and psychological stress.
Despite high mortality and morbidity rates, individuals and families
do survive, using modes of coping developed over generations.
Biological adaptation means that the child's body grows more
slowly-beginning with lower birth-weight, maturing later than the
nondeprived, attaining shorter stature, and toleading more re
stricted physical activity than would result friom an adequate di -t. 
Economic p -:terns are similarly adaptive: Risk is avoided whenever
possible; the labor of all family membe.'s is used; family size (large)
reflects high infant mortality and the need for children's work. Since
extended families often live together, these social patterns persist
across generations. The child who has suffered all these deprivations
therefore needs several kinds of assistance simultaneously.

We must emphasize here that we shall be looking at poverty

through the individual and the fanily-in technical 
 terms, at themicrolevel. The solutions we suggest also will be i used on the 
individual. We shall not take up questions of the aggregate effects of
microchanges, nor shall we address sweeping changes, such as land
reform. Our work has been limited to examining the network of
relationships that affect individuals; other researchers and policy
analysts will be able to use our results for macropolicy analysis. 

Moreover, we shall concentrate on the rural fimily. Farm families are different from urban families; because the children can contrib
ute to family income by participating in farm production, there are 
alternatives to school attendance. Also, for members of farm 
families, Jet depends on the efficiency, productivity, and knowl
edge of the fiu'mner, and these may depend in turn on his priorhealth, nutrition, and education. Therefore, interdependencies 
among food, health, schooling, and productivity are especially 
strong for rural populations. 

It is necessary to know if characteristics of' poverty are related or 
are, rather, separate and distinct consequences of low income. 
When poverty is viewed statistically, it is apparent that mnalnutrition, disease, illite:acy, low income, low productivity, and large
family size are highly correlated. We suspect that one condition 
tends to exacerbate another: Poor health makes malnutrition worse;illiteracy produces low economic opportunity; high infant mortality
leads to the need for larger families; poor health causes school absen
teeism and failure. Some of these relationships may be physiological 
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in nature; others may result from tile interaction of traditional eco-

nomie and cultural patterns with physiological conditions. In order 

to intervene successfully and efficiently, 
 it is important to disen-

tangle these relationships. 


Need for Research 


Social erograms for develol
ment have tended to emphasize educa-

tion, educational plann inc l expansion.
educationi These pro-

grams have assumed that by increasing literacy and skills needed for
work, individuals and cnilitniies would realize increased produc-tivity, higher inome, 'na,elsentally, higher levels of eonsunp-
tion.ity
hiercom, eanievnally higher lteel o ospe theneededtion. But educational expansion-alone has not been able to solve te 

those students have net
problem oftabjectwhopoverty. In fact, education appears to serve bestsuiffred early deprivation. Students 

who profit most from education 
 come from families of relatively

higher income and social class, while children who do net enroll at 

all-or ,"ho fail, repeat, or drop out-most often come fr-om families 

at the In est income levels. Thus the promise that schooling will 

raise individuals out of poverty often is emupt.


For developing countries such indications are consistent and

clear. A number of studies show that parental income, wealth, social

class, and race are strong predictors of children's school achievement

(see, for example, Alexander and Simmons, 197,5; Sharina and
Sapra. 1969). Direct causes of these strong statistical relationships
are not always so clear. In filt, the most critical determinants of'
school success or failure may be iictors overlooked in these
investigations-early. diet, health physical growth, ald cognitivedevelopment. 

A f.w recent research eflorts have ll dlertak(,n to exalnmine 
explicitly the relationships between early clhildlood 1,itrition,
heaith, and school performance. 
 Il these (ste, for example, \Weil-

1berg et al.,. 1974), datat analyzed Iw mutltiple. reressionl techniquesThavntgofuignilssprviestmaes,)f tile eftfect of' heigzht or head cirtul.(1renee (its 
measures of prror nutritin 

oft efhy h e i h h e c l , c eoerv ide e s t ma tes h ct of r r oi ' re i 
and htealth) 1 )Itel'(llix educational

oultconxes. 13igger children eosistentlv do beqev iischool, remain 

illschool longer, and shw higzher test'scores,
Proper interpretation of' these r'sults requiires nore thoroughknowledge of phsiological and developmental processes-how diet 
and health dlect physical size ald Cognitive grow.th; how diet,health, and their outcoues are a:tlcted by the emmvirom Imlent. A great 
deal of important research (eSltcially ill tile m tritilmml and health 

Investigating the Web of Prery--The Need for Research 

sciences) hats gone into delineating methods of analysis. Regrettably,
less attention has been paid to invesiigating the functional effects of
health and nutrition. The absence of such research was noted by the 
National Research Council in its report, World Food and NutritionStudy, The Potential Contrilutions of Res"arch (National Academy 

of Sciences, 1977, p. 65): 
For the individual and fir society, there is a need to deternine the 
cnsequences of low levels of nutrition on work perfornU1nce, fre
quency and severity of infection, physical and mental growth and 
develop'nent, school and job perfonance, pregnancy and lactation,
and fertility and family planning. Research should emphasize howdiets affect childbearing and childrearingfunctions. Infrmnation ison the extent to which the nutritional status of uitthers affects 
the three variables that determine the biological potentialfir popula

tion growtth: span of reproductive years, pace t hich successivepregnancies ocnr, and rate of child survival. To decide whih nutri
tional problen should receive priority and how resources uiYy best be
allocated aion,g various targ(et groups, it is essential to know the 
relative seriousness of different states of nutrition and the alreo"
 
benefit that canbe derived frontspecie increents of nttiitional
 
improventnt.
 

Research in the nutritional and health sciences has involved hin
dreds of experiments, cotuntless research papers. This abundance ofresearch activity makes it difficult for social scientists and planners to
find out what has been done and what is known. In order to lild on 
some of these findings, we shall sketch very briefly the methods anldfiudings of work undertaken by biological and nutritional scientists.
Following that, we shall also indicate a few related areas of work in 
the social sciences. 

Three types of studies have been conducted on malnutrition andits eflects: deprivation studies, retrospective studies, and prospec
tive longitudinal studies. Animal experiments, chiefly with rodents
and primates, have looked at the effect offood and stimulus depri
atio n on bra in develo p m en t , desoruanleeobirth - veig h t , and la te r beh av etior.The advantage oftising animals as inodeis for human development 

is obvious, since several generations oceur in a short time period,
and brain structure can be examined in autopsy. The disadvantage 
is clear also, since species develop at different rates, with distinct
gestational and maturational stages. Thus, depending on thespecies chosen, periods of prenatal malnutrition may have quite
different effects on the developing animal. Despite these draw
backs, animal experiments have been helpful for understanding 
biological structure. 
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Human deprivation studies have established how children who
have suffered early episodes of severe malnutrition compare to con-
trol groups at a later date. A problem in assessing these studies is
that the early tratinia and hospitalization may have had a greater
effect than the malnou tritiol itself, 


Retrospective studies, using 
 historical data, have analyzed the
effects of socioeconomic status, health, and nutritional fiaetors on anumber of behavioral outcomes, Including school performance,
These studies are sometimes called "ecohigical l)ecause they view 
populations in the natural state without introducing interventions
exogenously. In one such study (Christiansen et al., 1974), the
problem of over- or ulder-estiLlatioi of nutritional effkcts on per-
b'ormance is made explicit; such ulifficulties in estimation occur be-
cause of' the potentially complex relationship between nutrition and 
a variety of attitudinal social and ei viromunent',l variables. 

Prospective studies, in which interveitioiis will lie introduce(! in a
quasi-experimental way, may ofler the best Methods available forobIserving the relation of nutritional and other interventions to be-havioral efl'ects. Because fod deprivation experiments wi '! timan 
subjects are not ethically permissible, qmiasi-expe-iments--wh.jichI
introduce beneficial interventions in the natural setting-have been
used to test fOr differences in outconies bet-veen experimental and

control groups. Commonly, longitit(final records kept
are on rela-
tivelv small hornogereous populations or on larger, more lieteroge-
neous groups. The :,.ajor problem in intervention programs, where 

participation is volunitarv, is the oflself-selection. 	 e possibilit of confounding duei to 

s in thset hree 


Using these three basic methods of' datat collection, results have
been amassed in tle fbllowing areas: nutrition and health relation-
ships; eflects of nutrition and health on physical growth; eflfects of 
nutrition and health on neurological structure; and relationships be-tween nutrition, health, growth, cognitive development, and the

environment. We shall 
now turn to a short summa-y of' each o' these 
areas. 

Summary of Research Areas 

Nutrition and Health 

Nutition and health appear to be closely (al most obviously) relatedconditions. A healithy organism, unlike an unhealthy one, can use 

lnr,.'tigatin-,the W.b of Poriay-Tl .\dt',d for te.earch 

efficiently the nutrients it 	 ingests (see, for example, McFarlane,
1976). Susceptibility infectionsto disease appears to be increased
when the inlilnit or child has sufflered front a cembination of maIn; ri
tion and infection over at period of 'fme (Rosenberg et al., 1976).

Malnutritioi is not just a simple deprivation of' fKd, but a more 
Coi]plicated interaction of' nutrient needs and health, based on the
level of iletallolk and activity p,,cesses and the presence of infection. Below a certain l 'velof health or nutrition, the organism siie
ply aniot whilesurvive, accommodation does appear possible
within other acceptable ranges. What makes some sumive and
others go under is not yet sntliciently understood, although research 
continues. Chlet and colleagues (see Chen, Rlahinan ant Sarder.
1980, and (hlen, i luq, and 1lltfil'man, 1980) hav' been working to 
establish better coniections bet'veen nutition and disease in their 
work oin cholera and diarrhea in Bangladesh. 

N\t rition, lh'alth, and Grocth 
Stunting and wasting occur as a result of prenatal ialnutrition, the
mother's general health and nutritional state, her condition during
lactation, and the child's early diet. Not all inaternal, prenatal mea l 
nutrition appears to ,dlect fetal growth and development similarly,
however. Stein and Susser 't al. (1975). studying the Dutch fimine 
of 1944-1945. shiwted that when the mother's prior condition is
good, ai episode 1)'stam'vation will not adlect the lalv's lith-weight
gosibiit epsdccavto wl o dettl bb' itlwi 
and subsequent deveopnmit. It is believed that lbelow a iutritional 
threshold, however, the t'tus is vulnerable aid cannot develop 
normally (see Steii and Susser. I ,t76). i an earlier study of children
born durill, time siege of" Leningrad I1941-1942), Antonov (1947) concluded that the condition oftthe mother's body is ofgreat importance 
to 	the developing ft'ts. 

ill spite o 'a large numer of'studies of maternal malnutrition andIirth-wveight. the mecuiisi by wiil maternal mtritioual iitake 
aflecthegt til Slei/C ttiinlitkil bvwihmtra 
area the Ictsbil 's Size at birth is nit coim]pletelv clear. Low-birth
weight babies isve bt eln show n t i sutil*Cr othler kinds o.'" retardatio n 
(set, for exMiphe l)rilliein, 1960: Birch. 1972) wh ich may be causedsby the smt' imitclhmaiism as 	Iow birth-weight. or lv limiting an in
fitut's ability to fm ctiou.In experimental explore,, and learn.aliiiial studies prenatal malmtritio has lee i
shown to af'ct I irtl-weight and the suibsequent ability of tIle ainiialto explore the envirnm tnt tsee. for exaimple, Friankova, 1974). The 
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severity of eflects of prenatal mahnutrition, is observed in animnl 
experiments, appears to be related to the length oftime, and devel-

opmental perfod, of the malnutrition. 
Recent workiby Tanner (1976,. 

Chowdury, and Huffan (1980) challenges the long-held Cdea-
Cowtgeo gf'epia-rwh 
ton theory of growth." That theory asst,mnli ait'enl geneticallydetermined potential growth curve at birth for every properl,
no\rished, healthy individual. More recently, a "home()static theory 
of growth" postulates a muiltifiactorial, "smart gene" that controls the

iniiulsrsos otl niomn.Tne ugsstaindividual's response to the environelnt. Ta1er suggests that 
the single, potential growth cure l)e relal; d by a growth space, the 
hounds of wh~ich are set genetically; nutriimma1 and tirne1'tal 

factors shape the exact growth curve traced Ib the growing child. 
Une ti ONsilgia cokis regu'laited by the relationtervtlUnder this theory the phaysiological clock is ad te relatbetween the sup~ply and demand of' nutrients, and a series of' short-

term e(ulilibria will trace a smooth course of growth and develop-
,ent. When bounds are exceeded, however, short-term equilibria 

are replaced by an unstable path; balance is destroyed, and function 
may be impaired. Tanner thus may ofler a key to the dil'ence 

between moderate Inalnourishment-in which functional impair-
ments are not noticeable-and severe inalnotrishnent-in which 
fiirction breaks down. This theory shows that it is possille for people
to he small but healthy and that, within limits, size and finction do 
adjust. 

Protein-Calotic Relationships and Ci-oiti 

During the 1950s and 19 6 0s protein-ener*,, malnutrition (PEM) wis 
believed to he a serious problem, particularly in developing coun-
tries. Later, in the 1970s, continuing research led to a decision1 that 
protein alone was not the liliting Ictor (Sukhatme, 1977); instead,
low total-caloric intake was what restricted growth and development 

(M ilner, 1976). INCAP's nutritional supplementation experiment in 
Guatemala bIgua;m during the earlier period in which protein was 
considered limiting. The nature of the INCAP experiment was to 
investigate the relationship between protein and calories (prena-
tafly, and during early childhox)d) to the child's physical growth and 
mental development. The INCAP experiment \ 1lbe discussed at 

length inlater chapters of this boo)k. 


Incestigatirmgthe Web of Poter'ty-TIw Nevd for rtetwarch 

Nutrition and Brain Devclopnnt 
Extreme changes in structural brain development and in 
Eteecagsi tutrlhandvlpetadi 
neurophysiological levels may be produced by undernutrition and 
hormonal imbalance. Undernutrition dtring key periods of brain 
development in laboratory animnals or humans results in apparently 
irreversible deficits in cell numl)er and brain -,eight (see Dobbing
aind Smart, 1974; Prescott, Read, and Coursin. 1974). 

Many investigations have been undertaken on the topic of mal
nnutritionand111d development of'ofthe nervousrvp system (secs Sottander etve one the oiirel
al., 1974). Dobing 1976) and \Vinick (1976) both refer to the phase 
of greatest brain growth as one of the most vulnerable periods of 
develo)ment. Many' studies-using laborator, animals, as well as a 

i 1 
few Iinv'estigating human beings-suow that PENt may affect the 
physical development of the nervous system. rhe number of braincells, the weight and chemical composition of tie brain, the spinal
and peripheral nerves, all ar- affcted by nutritional status at crucial 
times. 

NutritionalEffects on Structurc, Growth, and 
Function of tl' Ncr'ous System 

Animal stud;es have ])een particularly helpfl in exp!aining nutmri
tional effects-not only on structure and growth of the central ner

vous system, but also on its finctioning. Many investigators have 

pe'formed animal experiments in which there was earl\ malnutri
tioi and later rehambilitation (se, fr example, Barnes et al., 1968). 

Apparently, early protein-calie deprivation creates lasting eflects 
upon behavior, some of' which can be altered through later enrich
ment of.d t but which do [lot co)mpletely disappear. Both mild and 
;evere malnutrition appear to ail'ect learning. Some abnormalities 
appear to e due to stunting, which in turn affects explratory e
havior; is a result of' early deprivation, other abnorlities seem 
related to a m uch greater interest in fox)d than in other stimuli. This 
is considered by some to be an adaptation of'the organism in order to 
gumantee survival. 

Frankova (1974) suggests that early malnutrition causes behavioral 
al) normnalities in experimental animals. Rats with protein-calorie de
privation appear to show less exploratory activity amndtitfwer interac
tions both with littermuates and the mother. Some of this damnage can 
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be repaired by increased stimulation of the iniihit aninual. Frankova 
(1968) shows that early adverse nutrition can be altered but thateffects are relative to tle size of litter-later stiiumulation having less 

effect in extremely lari-ge
litte-s, tl('wever, stimulation combined 

with a high-fat diet appeared to compensate fi)r early malnutrition,In other work, Frankova and Barnes (1968) showed that the
timing-whether malnutrition occurred heibre or Ater weaning-
apparently led to diflerent behavioral results. Levitsky (1975)
showed that malnutrition produces decreased interaction bet-ween 
an ,dnital and the environment, delaying the development of he-
havior that would allow the rat to leave its mother and explore its
environment independently. Apparently, malnourished animals 
avoid novel objects in the environment and exhibit exaggerated 
reactions to unpleasant stimuli. 

Recent work by osenzweig n ett indicated that thes 

nervous system is relatively plastic. Change in structure of the ner-
vous system is seen to occur if the environment provides certain 
kinds of stimuli (Rosenzweig, 1980, and Rosenzweig and Bennett,
1980). 

Psychologists believe that there is a strong paiallel betweenmrd and hmmnan behavior, ani-
in that the hman intfant also, if optimnally

fed and in good health, is responsive to the envirom.nt, reacts to
stimuli at an early age, and '--reby accuminmlates expetrielet. which is
the basis for learning and beh'mvior (see, for examnplc, Iicciuit, 1977). 

An apathetic child)possibly apathetic because of poor nltrition and
health-has littl, intcrest in exploring the environment,Iut stays

close to the comforting presence of tle mother, thereby minimizing

the effect of new stimnli old experience. Since mnaternmal 
 attention 

may be greater toward the inquisitive and demanding child, 
 the 

amount of interaction between mnother an . child tilerefire will he 

greater for an active child (Chavez and Martinez, 1979). 

Aalnutrition, Physiology, and Functiot it,the 

Entronment 

Retrospective studies have related mthropummetric indications ofeast ni trition and health and social indicatilus of fimuily incomue and 
education with cognitive and mbavrio:, outcomes. Tie intent in 
such studies is to model how nutrition and health, in the emm-iron-

ment,affect ffhnetion. But, since tali!y nutrition and health mna", Ilehighly correlated with fiunily education and income, the miodlel that 

Ilncestigatig tee Web of Peit-r--TIw Veed fir Research 


would make relationships explicit is simultAneously important and 
difficult to construct. 
The environment and the nutrition and health ofthe family inter

act closely in two ways. First, nutrition and health conditions may
result directly irom fiumily income and knowledge. Second, thephysiological effects of nutrient intake, interacting with the envi
ronment, affect the way the child functions in that environment. 

The first set of relationships-between nutrition and health, and
family wealth and background-can sometimes be controlled by
statistical means. In multiple regression analysis it is possible to test
for the independent effects of nutrition and health, it data are
adequate. Nutritional intervention studies are useful since they
allow improvement in family diet independent of family economic 

status. 
The second set of relationships-between nutrition, health, andthe environment-makes research m(,.'e challenging. There may be 

a cognitive analogy here to the Tanner growth model. Perhaps there
is a cognitive growth space, whose u!,ptr limit is defined by genetic
potential and by early nutrition and health. The mother's own 
early 
childhood healh and nutrtion, her pre-pregnancy condition, and
her diet and health during .regnancy affect her infant at birth. 
Before weaning, the mother's condition continues to -affectthe infant
physically; the manner in which she and the infant respond to each
other will have long-range behavioral consequences. At each stage 
the child's developmental path will result from earlier conditions,the environment, and the nature of experience to that point. The 
amount of physical vigor-essential to gaining independent experi
ence at each stage-may be limited by the available and usable
nutrients. If the nutrient supply exceeds nutrient need (for meta
bolic, and other processes), then the body will be able to reach the
activity level necessary for this exploration. If there is a deficit of 
nutrients, or if disease prevents their utilization, then activity, and 
therefore experience, may be curtailed. 

Animal experiments have shown this interrelation of the organismwith the environment, whether the behavior is inquisitive and
ploratory ex

or fearful and clinging. Cognition appears to develop fromexperience in the environmeat, and this knowledge and awareness 
depends on the level of activity, vigor, neural development, and on 
the environment itself (Frankova, 1974). 

Several recent studies have compared exploratory behavior ofmaincurished children with adequately nourished control groups 

http:envirom.nt


12 Malnourished Children of t&e Rural Poor Investigating the Web of Poverty-&-he Needfor Research 13 

(see, for example, Graves, 1976). Other studies have looked at later and Mexican studies, appear to show that nutritional intervention 
performance of children who have recovered frtom severe tral- alone may account for bigger and cognitively more advanced chil
nourishment in infancy and who are examined at school age (see, for dren. The nutritional and educational intervention studies show that 
example, Richardson, 1979). A number of similar recent studies are the longer the treatment period, the greater effect of the treatment; 
summarized by Pollitt (1979). In all of these studies the model must and, the younger the child, the greater the impact of the interven
acknowledge that socioeconomic status (SES) may be highly corre- tion. These studies leave open some questions concerning the mea
lated with nutrition, health, and parental education if it is to be surement of home diet and its relation to the nutritional 
successful in explaining how nutrition aflects function, intervention-that is, whetl-c 'r the supplement is really sup-

Early work by Cravioto and DeLicardie 1968) and Monckeberg plementar or is a substitute for home diet. 
(1968) emphasized the need for prospective, experimental, Ion- In the chapters that follow we shall use data collected in the 
gitudinal work. It was recognized that carefilly conceived interven- Guatemalan study, whose original purpose was to study the func
tion studies would be necessary for collecting adequate data: During tional effects of malnutrition on children in four selected rural com
the early 1970s the National Institute of Child Health and Develop- munities in Guatemala. INCAP has published a great many papers
ment and the Rockefeller Foundation helped to organize and sup- to date (see, for example, Klein et al., 1974, 1977, 1979) which show 

port longitudinal work (Read, 1979). The INCAP experiment was that:
 
one of these; other studies, financed by the Rockefeller Foundation, 1. Birth-weight is determined mainly by the physical ci"-r'c

teristics of the mother at the time of conception; height and
followed the effects of nutritional and stimulation interventions. 

Due to the ne%essarv expense and time, only a few longitudinal weigit are the most importat. Since these are strongly de

studies have been undertaken. These studies have been carried out pedent on soial class and on the early nutritional status of 
in Cali, Colombia by the McKays et al. (1978); by Mora e'tal. (1974) the mother (when between the ages of one ari seven), low 
in Bogota; by Chavez and Martinez in Mexico (1975); and by Klein briroteg(ht is etwee t rgenerations, les

birth-weight is likely to re.pea
and colleagues at INCAP in Guatemala (1977). Brozek (1979) con- s "
 
tains papers describinsecific counteractive measures are introduced.
nu 2. Birth-weight z'ppears to influence mental development dur
studies. Intervention studies are an imrrovement over correlational ing the first Hften months of life.
 
studies since, in the latter, numritional deficiencies may be con- 3. Physical growth, as a proxy of child's nutritionai status, is seen
 
founded with the effects of poverty. Moreover, intervention studies to depend chiefly on environmental conditions and to be in
make it possible to measure nutritional status independently of lody dependent of genetic rcactors.
 

size; frequently nutritional status is measured by body size, but body 4. Factors affectig mental development have not vet been de
size may have been aflected by genetic as well as environmental termincd. There appears to be a relationship between sup
factors. plementation and test scores. 

In these intervention studies the effects of carefully measured 
nutritional interventions are monitored. Two studies (in Mexico and INCAP's final reports, based on its own analysis of the data, are 
Guatemala) confine their work to nutritional intervention. In the not yet available. Analysis and interpretation of the INCAP data is 
other two (in Colombia) the intervention combines the nutritional expected to be an important and continuing activity for those who 
with the psychological. These are -all quasi-experimental studies in want guidance in tbimulating nutritional policy. 
that a variety of environmental variables cannot be controlled; how
ever, the attempt is made to assess, and to account for, noncon- Effects of Literacy and Modernity on Nutrition and 
trolled variables in the statistical models. Health 

Briefly, these expe.iments show that there is an association ofH 
birth-weight and later performance. Nutritional intervention does Nutrition and health conditions of the family are not totally dter
appear to increase birth-weight, although the results are not yet mined by the environment but can be altered by the decisions -nade 
completely clear. Behavioral changes, observed in the Guatemalam by consumers about what they buy, grow, eat, amd how they control 
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sanitation and infection in the household. It may be that healthier 
children come from families in which the knowledge and attitudes of 
household decision-makers have created a healthier environment, 
Sparse research has been done on this topic so .ar, although there is 
growing interest in carrying out empirical investigations. Recently, a 
large empirical analysis for a U.S. population Iy Coate and Clier

nichovsky (1980) investigates this issue. The authors find that pro-
but that fhmilytein intake sigificantly affects children's growth, 

income and education do not determine that nutrient intake. Other 
related work by Edwards and Grossman (1979), sponsored by the 
Nationa! Bureau of Economink Research, indicates that (in a U.S. 
white population) fanily characteristics, especially mother's school-
ing, do have a significant impact on adolescents' health. These in-
teresting results call for further research, in the context of the devel-
oping country. 

Nutrition, Health, arid School Petforinance 


On the relationship between family characteristics and school 
achievement, a large literature has developed that shows a strong 
positive relationship between family socioeconomic staus and chil

dren's school pertformance (see, for example, the comprehensive 

bibliography in Cohn, 1979). What part nutrition and health play in 

this relationship is unclear and needs to be explored fully. Recent 

work (see, for example, Popkin and Lim-Ybanez, 1980) has been 
focused on the relationship of nutrition and health to schooling, in 
order to improve planning and investing in these areas of social 
concern. 


Outcomes of nutrition, health, and education are important for work 
productivity. Much literature in the field of the economics of educa-
tion relates the amount of schooling to productivity. Many rate-of-
return studies have shown the effect of edlcatioli on income (see, for 
example, Psacharopoulos, 1973; a recent summary by Coldough, 
1980; and in Cohn, 1979). 

The effect of nutrition and health on worker productivity-
because of greater physical capacity or mental competence-
interests many contemporary investigators (Latham, 1974). Current 
work at the World Bank by Reutlinger (1980), Selowsky (1978), 

Inrestigating thw Web of Poverty-The Need for Research 

Srinvasan (1980), Knudsen and Scandizzo (1979), shows the desire to 
study these relationships, vis-:t-vis policy planning. Interesting 
theoretical models have been developed by Selowsky (1980). Recent 
empirical work has shown that more vigorous, well-nourished work
ers are more productive. 

Nutrition, Health, and Fertility
 

Recent articles have discussed the effects of nutrition and health on 
fertility (see Butz and.Habicht, 1976; Winikoff and Brown, 1980). 
Close relationships exist among high infant mortality, poor nutrition, 
and high fertility. If providing bette health aiA lutrition lowers 
intint mortality, then parents may be more willing to accept con
traceptive services. Biological relationships between the mother's 
nutrition and health and her fecundity, and between breast-feeding 
and fertility have also been investigated. These areas are es'ecially 
important for the planning of interventions. 

In the fellowing chapters, other areas of research will be described 

that involve many of the areas discussed above. Reference to other 
writing will be presented in each of these chapters. 

The Berkeley Study 

Earlier we argued that to understand better the eflects of mnalnutri
tion on functioning, much needed to be investigated, especially 
about the eflects of prenatal and early childhood malnutrition on 
performance during the school years. These results appeared to le 
important to people concerned with education and nutrition. If links 
could be sho-wn between childhood nutrition and educational per

formance, not only would the efficiency of educational investments 
benefit from actions to remove nutritional impairment, but -also in
tegrated intervention policies aiming at increasing the child's oppor
tunities for education would prove more efficient in terms of ailoca
tion of total resources. This was the starting place for the Berkeley 
Project on Education and Nutrition. 

In Chapter 3 we present the results of a carefil and complex 

analysis using data from the INCAP longitudinal study to find out 
how prenatal and early childhood nutrition-in combination with 
other socioenvironmental factors of the fumily and village-affect 
children's growth, health, verbal development, and school perfor
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maice. These analytical models show that child:en's height was 
indeed affected by nutritional intake coinl)ied with the ability to 
use the nutrients, and that size of child could be used ats a proxy 
measure of the whole history of the child's past nutrition and health. 
These are strong and significant results, which imply that improved 
nutritional status can affect children's future opportunities. It is also 
shown that taller children are more likely to be farther advanced in 

verbal development, and more likely to attend school at an earlier 
age. 

These results aue important for development plaining, enabling 
planners to trace the effects of continuing food intake (in combnia-
tion with environmental and family factors) to outcomes important 

for the children's lives. If such results could be combined vith other 
important information about f,nily ceonoinics, work, and percep-

tions of the ecomic utility of children (with resulting efhcts on the 
number of children in a fmily), it would be possible to understand 
mnore hilly the range of opportinities ior children in the rural village 
setting. It would then be possible to relate the effects of imnproved 
nutritional intake, health, and educational opportunity to the actual 
functionirg of children in the villages. 

Moreover, if' the intergenerational et'ects of education could he 
measured in economic terms (by the impact of adult litermea on 
economic productivity), then school attainment could be related to 
economic productivity benefits. Development planners then could 
take into account benefits achieved Iy one" sector oil another-
described by economists as "positive externalities." Better nutrition 
for children-leading to improved growth, stainina, verbal devel-
opiment, school attainment. work perfirance, and, ultimately, 

adult efficiency-combined with appropriate levels of land access|-
bilitv and school quality-would enhance lives beyond the gains 
expected by changes in nutrition alone. 

We were encouraged, therefore, to discover that not oill.' were 
data availalble to study the hIniitudinal effects of nuitritioi on 
growth, development, and selm 1erftrmlace, but also that the 

great variety of data collected by IN(AP nd RAN D permittedt us to 
investigate relationships between children's school and work ac-
tivities, parental econonic productivity and literacy, and parental 

literacy and perceptions about desirable family size. In other words, 

the data let us look at the children's lives in the socioeconomic 

context of fmily and village and examine (1) howv immediate needs 
for children's help aflect a family's decisions about giving this imp to 
meet the greater desirability of literacy; (2) the eff'ects on adults' 

Inestigating the \ieh of Poverty-Tlu Need for Research 

economic productivity of attained literacy; (3) the effect on the per
ceptions of economic utility of parent's literacy. 

These three sets of important relationships are explored in Chap
ters 4, 5, and F"Using cross-sectional data as well ats the findings of 
Chapter 3, in Chapter 4 we examine variables that may explain 
parental decisions about sending children to school. Also Chapter 4 
looks at the way nutritional status, parental literacy, fimily back

ground, and economic conditions affect educational enrollment and 
achievement. Using 'Wilson's findings described in Chapter 3, at
tained height becomes the proxy measure for children's past nutri

tional and health status. Relationships between prior nutrition and 
health and school achievement are seen to vary by village and by 

type of economic activity of' the fitunil . indicating that while 
opportunity for schooling may be available to all, those children who 

attend school will do so because parents can spare their work, or 
because parents value highly tile benefits of schooling in the long 
term in relation to short-term costs. Within these constraints of the 
fmily as decision-makers, we then investigate whether attained 
height (a proxy for prior health and nutrition) (loes appear to afliect 
the likelihood of school enrollment and achievement. 

In Chapter 5 fatmily agricultural production isrelated to land 
holdings, type of production, and farmer's literacy. Education is 

tested inhow it afd'cts the albility of' utrmers to choose the best 
combination of production factors, to introduce modern crops and 
chemical inputs, and to obtain, on the whole, higher levels of land 
and labor productivity. The estimation of a production function for 
diflerent groups tf'hrmners, according to their level of market inte
gration, provided inf'ormation about the influence of literacv and also 

alout how an iidditional year of schooling idl*cts the percentage 
increase of agricultural production. Derived values of'marginal pro
ductivity of labor inputs indicate the magnitude of underemploy
ment observed anmiong ftrieri; this provides the basis for specula
tion about the influence of using children's work on the observed 

magnitude of' underemployment among small furmers. 
In Chapter 6 individual f'ertility behavior and desires are related 

to perceived economic need for children, family economic activity, 
and literacy of the heads of'the household. These results allow us to 

see how increasing schooling and literacy, and altering other back

ground factors of the female and male head of household, may affect 

attitudes toward fiunily size and fertility and, ultimately, the future 
opportunity of each child in the rural setting. 
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EXPERIMENT-THE VILLAGES 
AND THE DATA* 

by Members of tie Berkeley Projecton EducationandNutrition 

Our analytical work was based on the study carried out in four rural 
communities in Eastern Guatemala by INCAP (1969-1978) and by 
RAND (1974-1975). Before w( can discuss our own work, therefore, 
we must sketch the setting ii, Guatemala where the nutrition ex
periment took place, the experiment itself, and the data base assem
bled by the INCAP and RAND teams. 

We begin by describing the villages, including some uackground 
on geography and demography; agricultural production; economic 
factors, including poverty; and education. Since the villages were 
chosen to be as similar as possible, we will point out not only appar
ent similarities but also characteristics for which important differ
ences are observed. Next follows a description of the nutritional 
experiment (including Leatment and control groups) and the man
ner in which it was carried out. Finally, we discuss the data collec
tion upon which our analysis was based. 

The Four Villages 

Approximately one hundred villages were surveyt:d in the late 
1960i; these four were chosen because of similarity in such impor

* This chapter was drawn from material assembled by members of the Berkeley 
Project on Education and Nutrition. Fur'lher information on the villages appears in 
Chapters 3 ta 6. 
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tant areas as economic factors, demographic composition, size, and 
ethnic makeup. Because, of course, it would be impossible to find 

necesin conducting analysis it is 
four identical villages anywhere, 

sary to recognize and understand the differences in village 

characteristics-particularly so for a quasi-experimental* study in 

the natural setting such as is described here. 

The nutritional-supplementation experiment and the related col-

lection of data can be understood better when the reader has some 

background information about the four rural communities in 

Guatemala where the study took pace. Here we shall give only a 

brief overview. Readers who seek more information will find a de-

tailed and fascinating anthropological description in an article by 

Victor Mejia Pivaral (1972). Statistical treatment of data on the four 

villages is contained also in an unpublished report by Fraser and 

Sinay (1978). Table 2-1 gives a statistical picture of the villages. 

Table 2-1 A Statistical Picture of the Four VillagesC 

Measure 

Population (approximate) 

Elevation (in meters above 
sea level) 

Distance from Guatemala 
City 

Distance from Highway 

Average Family Income 
($1 = 1 quetzal) 

Average per Capita Income 
Family Agricultural Income 

(includes both consumed 

and sold) 

Family Nonagricultural In-
come 

Village Number 

1 2 3 4 

1200 1250 900 750 

Approx. Approx. 275m Approx. 

800m 800m 80m 

37km 58km 102kin 56kin 

2km 4kin 20kin 9km 

$531.4 $662.7 $489.2 $465.4 

$136.7 $167.5 $111.4 $ 88.7 
$170.9 $355.2 $263.8 $170.8 

$360.5 $307.5 $225.4 $294.6 

* A quasi-experiment is one in the natural setting Ahere the experimenter cannot 

assign units to treatments at random. Here the villages (N = 4) were assigned at 

random, but individuals within villages were free to consume or not consume 
supplement. 
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Table 2-1 (continued) 
Averat~ i)aily 'a.~ts 

Fathers Literacy 

Mother's Literacy 

Literacy of Malhs over 7 
years 

Literacy of Females over 7 
years 

School Paricipation, Boys 

7-16 

School Participation, Girls 
7-16 

Average Family Size 

Completed Parity of Womoen 
45-55 

Ch'. Mort;dity Bite: Chil-

dren l)ie(IIChildrt'II Born 

lousing: 

House Type (Scale 1. 2, 3, 4) 

\Water plblic oir private 
well) 

Saittation (soleI -acilitic) 

Separate Kitchen 

Male Heads of Fainuly N) 

Principal Occupation of Mal' 
leads: 

Agricultural Day Lmorer 

Farmer 

Nonagricultural Day L-

borer
 

Manufacturing 

Merchant 

55% 

51% 

39% 

36% 

61% 

55% 

5.11 

8.13 

17% 

2.9 

I(X)% 

14% 

64% 
174 

5%7c 

80% 

4% 

0% 

1% 

49% 

37% 

30% 

24% 

35% 

50% 

5.25 

8.86 

23% 

2.6 

67.8% 

17% 

61% 
196 

7% 

85% 

2% 

0% 

0% 

6S% 

35% 

57% 

29% 

66% 

55% 

4.84 

8.11 

17% 

2.2 

64.2% 

23% 

56% 
131 

28% 

57% 

1% 

3% 

2% 

44% 

39% 

32'% 

22% 

52% 

46% 

5.54 

9.71 

20% 

2.9 

99.2% 

10% 

77% 

114 

3% 

89% 

1% 

0% 

3% 
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b Wage-labor = no :eported agricultur;d agriculturalprtluctitml. subhistcc 
production; semi-cominercial farmer = agricultural production, some sold; commercial farmer 
= agricultural production, selling of production. and hiring wage-labor. 

The Guatenalan Experinent--T1t, Villages and the Data 

Geography/Demography 

the villages are hocated in the Department of El Progreso in the 

dry, mountainous area northeast of Guatemala City. Distances from 
the capital vary between 36 and 102 kilometers, but all suffer from 

the lack of direct public transportation from Guatemala City. Be
cause roads are in relatively poor condition, traffic between the 
villages and outside communities is light. These villages, then, were 
seen as gox)d choices for the longitudinal experiment, since patterns

life probably would remain more or less undisturbed. 

The village center consists of the place where the small church 

and/or sclic)l are located. (The clinic and supplementation center 
built by INCAP also was hoated here.) There may be a small plaza, 
sometimes m::erely a wvidened place in the dirt road, with a simple 
store or flour mill located nearby. The main meeting place is the 
village well, where women and children congregate. Houses are 

located aroun(i this center on small roads and footpaths. Farm plots 
generally are located out of town, away from the communities. 

Houses are built of local materials, usually with dirt floors and tile 

roofs (though now, since the earthquake in 1976, metal roofs often 
are found); walls are reed or adobe. Most of the houses are owned by 

the occupying fanily and consist of one or two rooms, generally 
following the Lidino customI of separating the kitchen from other 
rooms and sometimes locating it outdoors. Only Village 3 has elee
tric power, but at the time of the survey fewer than halfofits families 

had electricity at home. In two villages (Iand 4) water is piped to the 
communities, and there are public wells. In the others, a few house
holds have their o\n wells, half use pullic wells, and another third 
must bring water from a nearby river. Sanitation (chiefly latrines) is 

almost nonexistent. More than half the ftamilies own radios and a few 
(10 percent) have sewing machines. louse type (rated by materials 
used, and number of roons) is a usefil method of measuring wealth 

for Ladino families (Tumin, 1952). Since extended families often live 

in a combined household, it is not always possible to use house type 
as a measure of wealth, independent of the age of the family head. 

culture of all four villages is Ldino, indicating that the people 
speak Spanish and have adopted practices of the modern, rather 
than traditional, Indian culture. Most villagers are nominally 
Catholic, although an active Protestant group -alsoexists in Village 1. 

By the time she is 37, each mother has had, on the average, 5.7 

children, and at the end of her childbearing years the average num-

Table 2-1 (continued) 

Specialized Labor/Factor 

Blue/White Collar Proles-
sional 

No Occupation 


Female [leads of Family (N) 
Principal Occ'upation of 


Princpale uea n fof 


Agricultural Day Laborer 

Farmer 

Domestic 
Manufacturing 

Merchant 

Specialized Labor/Factory 

No Occupation 

Family Production Modeh 


Wage-Labor: 

(Percentage) 

(Number) 


Subsistence Farmer: 
(Percentage) 
(Number) 

Semi-Commerial 

Farmer:-

(Percentage) 
(Number) 

(Percentage) 

(Number) 

Several INCAP/ANt) surveyswetThe 
d n 

5%All 

5% 

% 


179 

0% 

0% 

4q 
0% 

6% 
2% 

86% 


27% 
55 


27% 
55 


27% 
55 


19% 

39 

1% 


1% 

153 

4% 

5%7 

27 
0% 

9, 
4% 

76c 


20% 
44 


19% 
43 


29% 
64 


32% 

71 

subiten 

2% 

1% 

133 

2ds 

0Go 

21 


41;i 
2%; 


20, 


41% 
70 


22% 
3h 

12% 
20 


26% 

44 


ttrr 

0% 

0% 

109 


17 

2% 
0-


51 

:% 

86% 


18% 
22 


39rh 
47 


25% 
30 


19% 

23 
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her is 8.6 children. Contraception is rarely used amlong tile villagers, 

although a national radio campa:gn has created soile aWareiess of its 

close intervaL and breast-feedavailability. Women h.'ve babies at 
fOr a fuller discussion ofthem for long periods (see Chapter 6 

faniily-planning knowledge and practice). 
e 

The family living unit consists, oil the average, of"5.2 p rsons with 

a child-mortality rate of 19 percent. Family diet is chicily corn and 

beans; eggs, chicken, and pork from home-grown livestock; and 

occasionally fish, in o)ne of the villages. Total cner*' intake in the 

home diet is limited. (This is an issue to be discussed in Chapter 3.) 

Agricultural PIro jctWi 

The communities are primarily agricultural, with farni, cmncemi-

corn and beans (food crops), tonmatJes andtrated in five basic crops: 

chili (cash crops), and tnaicilh, (aLiaiiial feed). Other, less-important 


The average larni plot is quiteproducts include ayoit and yucca. 
than one plot.small (1.3 hectares) but families tend to ha,.v moreTotal fanilly landholdings average 2.8 hectares. 


The rainy\ season comes between May and September. In April 

and May the soil is prepared; sowing takes place inlate smnmer; and 
During the busy seasons many 

crops are harvested during the fadl. 

family members join in farming activities. Climatic conditions are 

similar for the three villages which lie appoximnatcly h()imeters 

at 275above sea level (Villhges 1, 2,and 4); the fourth (Village :3), 

meters, gets less rain but has warner temperaties. Also, the latter 

differs from the others inbeing considerably farther frontvillage 
kim as agzainst :36-58 kin) but relatively close toGuatemala City (104

larger town in which sone fthe v'illagze e.hildre attend school 

Economnic Factors andll PoU'H!/ 

Almost all (90 percent) male heads of linilit's have agricultural ('cl-
day laborers for other iirmners.pations, including men who wvork as 

to earnIn the drv season some tu'nilics leave the 11ohme villages 
heads of families do 

wages s harvesters. Most (80 percent) fiiial 

not work for money, except in one village where about three fourths 

of tile women weave paln products; these are bought by merchants 

who -eli them in Guatemala City. 
Although the economy is chiefly agricultural, only a small propor-

farming income.
tion (17 percent) of families depend entirely oi 
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Sales and salaried work yield a substantial amount of cash income; 

sales, wages, and income from such activities as small trade and arts 

and crafts add up to 60 percent of total income, on the average. (In 

to be a conmmon practice.)most of ihe viliages hiring labor seems 

Wage income alone accounts for about 40 percent of total income. 

income is about $550 per year; average annualAverage famnily 
income per capita (where data were available) s -iplproximately $130. 

This is very low, even when compared to the Guatemalan per capita 

1980)-in itself relatively low conaverage of $910 (World Bank, 
pared to the averages of other Latin American countries. 

Even among these four predominantly poor villages, substantial 
distribution, the

inequalities exist within each. In terms of land 

upper quintile of farmers controls more than 40 percent of the land. 

sources compensatedAs for total income, wages and other income 

for a small part of the skewed distribution in land; but. even so, 5 

percent of the wealthiest families received 25 percent of the income. 

The direct consequence of such unequal distribution of means of 

production and inequality in income is that a considerable number 
of families lie below the absolute poverty level, even when poverty 

in theis defined by local standards-about 35 percent of families 


study villages fall into this category.
 

Education
 

Literacy levels are low; less than half the villagers over age seven are 

more likely to be so than women. Those employed inliterate, men 
are more likely to be literate than are agnonagricultural activities 

ricultural workers. The ability to read and write is most important in 
getting work outside the villages; for example, young women who 

want to work in Guatemala City as domestics have a better chance at 

jobs if they can read, as do men who seek work in the modern sector 

outside the villages. More than half the villagers over age seven have 

finished no grades in school. Differences between imales and females 

of grades passed is small, except in one communityin numbers 
many more men than women have gone to(Village 3) in which 

school. 
Each village has a primary school, consisting of three or four 

with desks, chairs, and blackboards itsthe sparse and onlyrooms, 

equipment. Children must provide their own books and supplies

and some cannot. First and second grades are in separate classrooms
 

but there is doubling up for other grades. First grade usually has the
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largest enrollment; the combined fourth, fifth, and sixth have few 
children in attendance. Boys' involvement in school generally is 
higher than hirls'. 

Rural teachers are trained in rural pedagogical institutions, re-
ceiving poorer preparation than those destined to work in urban 
schools. Teachers in our four villages apparently vary' in interest and 
commitment to their work, and some are frequently absent; some 
teachers commute daily to the villages from Guatemala Cit" where 
they live. Communication between parents and teachers appears to 
depend on how involved the teachers themselves are in community 
life. 

The school year runs from January through October, thereby 
competing with the demands Gf planting and harvest seasons; he-
tween March and June classes are held from 8 to 12 A.M. and from 
July to October from 8 to 12 and 2 to 4 P.M%.Although children may 
start school at age seven, many do not hegin until eight. nine, or 
even ten. It is common to repeat grades; of those children aged ten, 
about 70 percent still are in school but may not have advanced past 
first or second grade. 

Although the Guatemalan national plan for education states that 
-allchildren must attend school, in fact it is not compulsory in these 
rural communities where the family economy may depend on chil-
dren's work. When still very young, children begin to help-girls
preparing food, caring for younger siblings, and carrying water; boys 

helping the fathers work family farm plots. Children are almost 
completely in the care of mothers until school age, at which time 
fathers begin to make decisions about children's (especially boys') 
activities. In Chapter 4 we shall describe more filly what children 
do, including paid work. Such activities differ by village and play an 
important role in determining whether or not a child will attend 
school. 

Description of the INCAP Experiment 

In order to understand the purpo)se of the quasi-experiment carried 
out by INCAP in Guatemala and to recognize what, in retrospect, 
may have been certain design flaws, it is necessary to realize that this 
work was based on assumptions about malnutrition current during 
the 1960s. 

During the 1950s and 1960s, protein-energy malnutrition was be-
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lieved to be a serious problem, particularly in developing countries. 
Little was published, however, about the long-range effects of PEM 
(protein-energy nianutrition) because the literature dealt almost ex
clusively with the severest cases, in Nhich most of the children 
-affectedwere hospitalized and many of them died. Oh\iously, this 
group represents only a small percentage of the estiniated half to two 
thirds of the children in the developing world alleged to ke suffering 
chronic, mild-to-moderate PEM. Furthermore, because at that 
time it was believed that PEM came primarily from dietary protein 
deficiency, new high-protein foods wvere developed dso, and ways 
were sought to distribute these to pregnant women and infints, who 
are the most vulnerable members of that population. 

The design of the Guatemalan study was predicated on this 
assumption-that protein was indeed the limiting factor. However, 
by the 197 0s, some scholars began to realize that PEM (except in 
certain isolated areas, for example, of Africa, \%,here the diet con
sisted mainly of tuberous materials) was not due to prinary protein 
deficiency but rather to low caloric intake. This makes the body use 
protein stores for energy rather than for building tissues. In other 
words, if total calories were adequate, then the available protein 
would suffice. 

In order to determine the eflfect of chronic, mild-to-moderate 
PEN! on mental development (specifically, cognitive performance
during the preschool years), groups of Guatemalan children and 

pregnant women were given a high-protein supplement. A control 
group was to be given no supplementation. Study children were 

fo!loweu during the preschool years, and measured frequently in 
order to determine what eflects the environment and the supple
ment might have on a host of outcome variables. Investigators hoped 
to learn whether mild-to-moderate protein-energy malnutrition re
suited in impaired cognitive performance during presch(xl years. 
INCAP further hoped to follow these individuals through school 
years, adolescence, and adulthood to see whether the eftects. if any, 

were permanent.
The investigation vas three years in preparation, during which 

time investigators identified twvo paris of matched villages and car
ried out extensive anthropological and ethnographic surveys. The 
study itself began early in 1969, and data collection continued for 
eight years, until March 1977. 

The population in each of one pair of villages was about 850 resi
dents, in the other pair, approximately 500. Based on the assump
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tion that protein was the operant deficiency, one village in each pair 
received nutritional intervention consisting of a high-protein sub- N 

stance called Atole; the other village was comtrolled. In order to help 

minimize the effect of intervention per se, control villages were 
provided with a -ionprotein, low-caloric drink, Fresco. All villages 
received free preventive and curative outpatient medical services for 
the duration of the study. 

Data were collected on growth, morbidity, home diet, family 
socioeconomic status, and measures of mental development. As we 
said earlier, the villages were chosen because they were similar in a 
number of characteristics though, of course, not identical. 

In January 1969 supplementation centtrs opened in all four vil
lages and data collection started. in Villages 2 and 4 the supplement , . 

was Atole, which contained 11.5 grams of high-quality protein and 7 

163 kcal energy' per 180 ml, 28 percent ti which wa.s derived from 

protein. The other two villages (1, 3) were provided with a low
energy beverage called Fresco, which contained lio protein and only 
about one third (approximately 59 kcal/180 ml) of the energy concen
tration in Atole. In October 71 vitamins, minerals, and fluoride" 

were added to both supplements in order to guard against the possi
bility that average home diets of the study tunilies might have been 
deficient in these elements. This obviously complicated the analysis 
because the amount of vitamins and minerals varied depending on . . . 
both the home diet and the amount of supplements ingested. Z 

Distribution of the supplement took place every day for two hours .
in the morning and two hours in the aternoon. Attendance at the - 

centers was voluntary, and the supplement was available ad libitum 
to all members of the fimily. Since both supplements were liquid, it 

"
 was possible to measure accurately the amount taken. Atole and i-

Fresco intakes by pregnant mothers and children under age seven 
were measured daily and recorded to the nearest centiliter. Table !11 x t 

2-2 provides some information about the amount of su)plement 

consumk, 
When the project began in January 1969, the sample included all , 

children under seven vea,'s and all pregnant amid lactating women. -

The village census wvas updated quarterly, and a child who reached ..

age seven was dropped from the sample. Newborn and immigrating 
children under age seven were added. The last children included, 
born by February 1973, brought the total sample to 1400. Only C1 
children born dter January 1969 were included in the Berkeley -- - - - - -

analysis. 
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The INCAP Data Base for the Berkeley Study 

Study Variables 

1. Amount offood consumed. Supplementation was measurable with 
great accuracy and reliabilitv, and home dietary surveys also were 
made in order to estimate total tod intake (home diet plus stipple-
ment). In field investigations such as this, there is always a question 
itsto whether supplement actually is supplementary or is merely a 
replacement. Therefore. for these data to be meaningful, they must 
be (a) analyzed in terms of total food consumed, and (b) an estimate 
should be made of the potential error of I-ome dietary inca-
surements. In this instance, 24-hour recall data were collected at 
three-month intervals. Mothers were questioned about the previous 
day's intake, and interviewers recorded information on dietary pat-
terns for pregnant and lactating women, as well as for all children 
between 15 and 84 months of age. At INCAP headquarters in 
Guatemala City specific nutrient intake was coimted from the food 
composition talles prepared for Latin America and summarized in 
terms of calories, total protein, animal protein, calcium, iron, vita-
min A, vitamin C, niacin, riboflavin, and t,ia'.,;e. 

2. Anthropometry. Using standard anthropometric &echniques, 
the children were examined at birth; at 15 days; and even' three 
months thereafter up to 24 months; then every six months Detween 
30 and 48 months; and yearly up to 84 months. Data were (ollected 
on nine variables. These included: supine length, total body weight, 
medial calf circumfterence, condylar breadth of !er,tri,:eps, SLb-
scapular and medial calf skinfolds. In addition, dental-eruption data 
were collected, and radiographs were made of the left hand and 
wrist of study children at the beginning, and at times when the 
children were otherwise examined. 

3. Biomedical data. Biomedical data collected during the study 
consisted of medical-care records; clinic infbrmation on attendance; 
and symptomatology, pregnancy, delivery, and perinatal informa
tion. For a subsample of the study population, delivery information 
included: Apgar Score, examination of the infant, determination of 
mother's milk production, gestational age of the child, and urinary 
urea/creatinine ratio-determinations in lactating mothers and in 
children. 

4. Morbidity surveys. Morbidity data collection began in 1970 on 
children seven years old or less, and in pregnant and lactating 

The Guatentalan Experintevnt-The Villages anid the Pata 

mothers. The morbidity survey was made by retrospective home
interviews of mothers every two weeks. These interviews were 
summarized monthly for each subject. 

5. Social and economic indicators. A limited amount of data on a 

number of family and economic social indicators were collected -also, 
including qualitative ratings of the family house, parents' clothing, 
and mother's report of interaction with preschool children. These 
data were gathered in 1968, 1972, 1973, and 1974. In addition, a vast 
amount of socioeconomic, family, educational, and agricultural
production data were collected in 1974 in a more detailed study by 
RAND. 

6. Mental development. A wide variety of assessment techniques 
was used to measure mental development, many of which were 
developed specifically fo- this study. Such measurements obviously 
varied with the age of the child at the time of testing. 

a. Infant assessment. A composite infant scale was developed from 
four, widely used, standard psychomotor infant tests: the Bailey 
Scale of Psychomotor Development, the Cattell Infant Scale, the 
Merrill-Palner Scale, and the Gesell Scale. In 1972 two other infant 
assessments were added. One of these was the Brazelton Neonatal 
Scale; the second, the Infant Cognitive Battery, was introduced to 
assess mental changes during the last half of the first year of life. 

b. Preschoolassessment. Within two weeks of their third, fourth, 
fifth, sixth, and seventh birthdays, children in the longitudinal study 
received the INCAP Pre-School Battery, composed of twenty-one 
tests. Twelve of the tests (developed in 1967 and 1968) assessed a 
variety of cognitive processes; and the remaining nine (developed 
between 1970 and 1971) examined other areas ofpresumed theoreti
cal importance. Also included were recognized I.Q. tests such as the 
Stanford-Binet. 

The RAND Data Base 

In 1974 the RAND Corporation carried out an extensive study using 
questionnaires. This study included a determination of agricultural 
wealth and production, an opinion survey of the parents, and a 
questionnaire concerning the activities of children. These ques
tionnaires-designed to answer questions not included in the main 
nutritional hypothesis-served as a rich resource for us to use in ana
lyzing the data. 
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The fbllowing list includes all surveys collected by IRAND in 1974 

and 1975. 

1975. eRn3: s Lspondents, 

Rm03: 	 Retrospective Life l istory of bVomen stilit.v histo ), 
Administered to all women between ages 15-49 ever 
united in a marriage-type nion or ever a thtier. 
Dates: September-Decembner 1974 and March-July 
1975. 

R05: 	 Hlome Stimulation. 
Administered to all pregnant women or women with 
childrei tnder seven years old in the rural communities 
and under three years old in the semi-urbal coin-
munities. 
Dates: October-August 1975.R06 M~ernsm.425: 


106: 	 Modernism. 

Administered to sine sample ats 1105 abiove. 

Dates: October-August 1975.
 

1107: Mother's Vocablulary. 

Administered to samle sample as 1105 above, 

Dates: October-Atugust 1975. 


R08: Schooling Survey. 
Administered to same sample as 1105 above. 
Dates: October-August 1975. 

R09: Time-Use of Women and Children. 
Administered to same sample as 1105 above. 
Dates: Round 1-December 1975, Round 2-March 
1975, Round 3-July 1975, Round 4-November 1975. 

R110: 	 Income and \Vealt}u in 1974. 

Administered to all heads of households in the rural areas 
and to heads of households with R05-R09, all firmers, 
aid one quarter of the rest for the semi-urban sample. 
Dates: January-August 1975. 

alOB: 	 Comun~uuiiv Price Stir'v.'ev. 

Administered to three key people in each commntity.
Dates: September 1975. 

1111: 	 Attitudes and Expectations of' Women. 

Administered to same sample as 1103 above for rural sam
pie and one half of the R05-1109 saml)le Plus one (quarter 
of the wives of the male respondents to RIO questionnaire 
in the semi-urban areas. 
Dates: November 1975-March 1976. 
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R12: Attitudes and Expectations of Men. 

Administered to one half of the husbands of tile R03 re
to one half of the single men in the R10 san

ple for the rural areas, and to one third of the husbands of 
the respondents to the RI1I Questionnaire. 
Dates: December 1975-May 1976. 

RI3: Retrospective Lift listory ofMen. 
Administered to same sample as R12 above. 
Dates: December 1975-May 1976. 

R14: Income and Wealth in 1975. 
Administered toone quarter of the heads of households 
ineach community. 
Dates: lcenber 1975-May 1976. 

4 Date: D e eus1ltousehold Census. 
Administered to all residents of each coin munnity. 

D~ates: Januai-February 1975. 

For fill 	information dbloumt these surveys see Corona (1978). We 
shall refer to information that we used from the RAND surveys by 
name and number in the chapters that fbllw. 
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Chapter 3 

LONGITUDINAL ANALYSIS OF
 
DIET, PHYSICAL GROWTH,
 
VERBAL DEVELOPMENT, AND
 
SCHOOL PERFORMANCE 

by Alan B. Wilson 

In this chapter we seek to estimate some of the complex interrelationships among economic and cltural characteristics 
families, components of children's diet, incidence 

of 
of morbidity,physical growth,, and cognitive development. An enormous literature bearing on these relationships has accumulated. Jellieff (1975),fir example, compiled a bibliography of more than 3,000 titles ofstudies relating PCNI (protein calorie malnutrition) to deficitsgicvth and functioning. Some 

in 
of' these, along with more recentstudies, are mentioned in Chapter 1. Despite tbis wealth of material 

many of the linkages remain uncertain.
\While there is consistent evidence that chronic protein-caloriemalnutrition (PCNI) leads to stunting-indeed stature often is takenas an index of'nutritional status-the levels of protein in the diet that\wIl fiucilitate growth are controversial. The protein in the home dietof the INCAP study children .11Guatemala (about 11 percent usable

Protein) is considerably higher than both the requirements and safelevels prescribed by the World Health Organization (W-1O) (1973)fbr children of' the same age and weight. This has led interpreters of'the INCAP data to construe the eflects of the protein-rich stipple
ment, Atole, to be an increment to energy consumption, thus sparing dietary protein fbr growth (cf Klein, 1977; Engle et al., 1979;Cronbach, 1980, pp. 230-231). Recently Chernichovsky and Coate 

39 
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(1979)-analyzing the HANES survey of nutrition of children in the AOn al", I.-D..1 
United States (among whom both calorie and protein intakes are, on -.- rr... 
the average, considerably' above p~rescrib~ed standards for children of' 
their age and weight)-ftound sulbstantia! eflects tdfvariations in di
etary protein upon growth in height and head circumference. This FA
led them to quelry: "Coild American mothers, who prov'de very 
high protein diets fbr their children inhouseholds at all levels of 
socioeconomic status, know meore about what constitutes an 72 
adequate diet for their children than the experts do?" 

Because consumption of Atole supplements in the INCAP study 
leads to considerable variation in dietary protein betwLeen children, 
we have a unique opportunity z( examine the separate effects upon - F 

growth of variations in l)rotein and calories. /t 
Despite a burgeoning literature, and such widely accepted social 

Policies ats school lunch programs-which attesi to or assume a 4h- XF 

causal relationship between undernutrition, early mental develop
ment, and school pertbrmance-the evidence is not unamll)iguous. " ht.
 

Children with severe early undernutrition leading to cliical maras- .1- =-

tis show subsequent, impaired mental Imctioiiing. Eve' moder
ate chronic PCM, resulting in stunting, is associated with lower \1
 
scores on mental tests (Klein et al., 1972). Yet whether this relation- 24-,
 

ship is directly causal or is a consequence of the web of disadvantag
ing factors associated with PCM-the ecology of poverty-is open ' . .
 
to question (Thompson and Pollitt, 1977; Riccititi, 1977). Analyses 2-.
 

that have been especially sensitive to th- conotinding eflects of the 1-k
 
environment of poverty, however, continue to find a substantial .........
 
relationship between nutrition and mental development (Chavez,
 
Martinez, and Yaschine, 1974, Christiansen, Vuori. and LL. / In.....i,,,Mora, =-

Wagner, 1974; Cravioto and DeLicardie, 197. Richardson, 1976). Figure 3-1 Schematic Outline ofRelationships Investigated. 
The effects of current diet upon school pertorniance are even less 

well d,)cumented. Several studies fiind, though a few ftilto do so. tional status, verbal attainment, and many background characteris
that even in relatively well nwmrished populations in the United tics. 
States, temuporay hunger-as opposed to nmalnutritiou-may ad- TLe sequence of topics which we shall address is sl.etched dia
versely aiect attention, interest, and learning (Read, 1973, 1975; gramatically in Figure 3-1. First we will describe the diets of chil-
Pollitt, Gersovitz, and Garguilo, 1978). This fits witli Latham and dren in the study villages to see how diets may differ between 
Cobos's (1971) suggestion that low energy leading to inactivity has treatment groups. We will be particularly interested in whether 
short-term effects upon learning which can be cumulative, regard- provision of Atole by the INCAP field team acted to replace home 
less of long-term nutritional status, diet or served as a genuine supplement. 

The longitudinal data from the INCAP stilv enable us to look at Then we turn to the relationship between variations in diet, inci
the efl'ec.s of variations in recent diet upon school 1)eI lormance (as dence of morbidity, and growth in weight and height among boys
judged by teachers), while holding constant prior cumulative nutri- and girls during their second, third, and fourth years of life. 
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Finally, we wilt examine how early nutritional status aflects cogini-
tive development front age three through the first year of schooling 
at about age eight. Of particular interest here is the question as to 

whether current diet has any eflect upon school performllance .long 

children with similar prior nutritional status and verbal develop-

meit. 
The analyses in this chapter are based oin data friom 824 children 

born between January 1969 (when INCAI' started collecting data in 
the four study villages) and March 1972, and who had lived in one of 
the villages at any tinte during their first six years. This sample 
includes children who iimlmtigrated into the villages during tile study 
period, or who left the village, or who died iring their first six-// 
years. As in all field surveys, some data ate missing for most vari-
ahles. The largest source of sttch missing data appears for trea-
strements after age five. The ltter cohorts of'children (those born in 
1972) did not attain age five utntil 1977 whten data collection in the 
field had been discontinued. 

Frot a close screening of censtises condicted periodically by 

INCAP, and once by 1AN), we determined at wtat ages each of 
the 824 children lived itt the villages; presttal)ly these children 
wouild be availal)ie fbr data collection. Information aoti itfw 

variables-age, sex, stipplettentatioit-was coliplt-tC at tile otther 
extreme, tcasturetfents of fatlters" anthrop)ticttry were availahle for3 
only about italitof the cases. Coverage tr most varialles, however, 
ranged frotnt 75-.90 percent. The first hall of this an'alysis-dealing 
with diet and growth during the first four years-is based on that 
subset of"512 children born in one of the villages who cotntinued to 
live there at least until age three, which excluded most transients. 

Diet and Physical Growth 

Children'sHome Diets and Supplemen,,s 

Mothters i the Atole \illages tatificstly perceived tihe stppletet 
to be good food, which it was, in Fresco villages supplement was 
(accurately) perceived as refresltinent, I,ut not as valuable food. By 
age three tmonths inlatts in th Atole villges were consttnling, oi 
the average, over 50 kcal of energy frot sulpplement; in the Fresco 
villages children at that age consume less than 3 keal per day on tile 

average. By age 18 months su)plelents comprised over 16 )ercent 
of the total diet of children inthe Atole villages, as contrasted with 
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Figure 3-2 Supplemtents, l IJ1e Diets, and Total Diets Iby Treatment Group 
ad Age: 0 to ,A tinon,s. 

but 2 percent of the diet of children inthe Fresco villages. Average 

daily consumption in kcal units of supplement, home diet, and of the 

resultant total diets of children in the two groups of villages is shown 
graphically in Figure 3-2.* 

* This and subsequent graphs ofweight atd height by age are sinxthed by fitting a 
logarithmic ternt and polynomials of up to the sixth degree. Each curv"e for the 
longitudinal sample closely fits the raw data as indicated by values of R2 greater than
0.999. The curve fitting was undertaken mainly to help interpolate between discrete 
ages when measurements were taken, and to -allow for some sampling variability 
that resulted from missing data. 
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While children in the Atole villages, fron shortly after birth 
through the first ibur years, consume substantially more supplement 
than those in the Fresco villages. honie diets, oil the average, are 
smaller at all ages for Atole-supplemented children. The availability 
of supplement, in addition to increasing total dietary intake, appears 
to replace a portion oflhome diet. We cannot measure directly how 
much these partictlar children would have eaten at home in the 
absence of intervention, but several bits ofe\ idence do suiggest that, 
prior to the intervention, the nutritional status of the population in 
the Atole villages was at least as good as that ill the Fresco %illages. 
First, there was no significant difference between tile heights of 
parents in the Atole and Fresco villages, though both lathers and 

mothers inthe Atole villages had significantly larger head circuimifeir-
ences. Second, records of the liolie diets of mothers during the 
third trimester of pregnancy during tlht project period show a steady 
decline of home diets inthe Atole villages. There, mothers of chil-
dren born in 1969 through 1971 were eating inore at home than 
were pregnant mothers in the Fres,'o villages; toward the end of the 

project period, mothers :iAtole villages were eating less at home 
than their counterparts in Fresco villages. Third, in itkase-line study 
(conducted in 1968) of children's anthroponietry in the study vii-
lages, very few sig.ificant differences showed np between children 
in the villages that would subsequently be oflered Atole and those to 
be assigned Fresco. But then, too, ditlerences in head circuinter-
ences systematically favored children inthe Atole villages. (Selected 
data from this base-line study describing weights and heights of the 
cross-sectional sample in i ,'"are displayed fbr comparative putr-
poses in Figures 34 through 3-7.) 

A significant part of the home diet of children during their first 
two years of lifte friom tally: derivedis onitted our the food firom 
nursing. On the average, mothers continued to lactate for 18 months 
in these villages. In this regard, also, the villages difler. During the 
study period 61 percent of the mothers are still nursing babies at age 
18 months in the Fresco villages; in the Atole villages only 43 per-
cent of tie mothers continue to lactate. 

The introduction of this "free good," the Atole supplement, seems 
to have had three gross efects on children's diets in these villages: 
replacing a portion of home diet, causing mothers to wean children 
earlier, and enhancing children's total energy consumption. 

Aleas-urement of Home Diets. As indicated it, Chapter 2, data on 
children's home diets were elicited (at periodic intervals, beginning 
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at age 15 months) by asking mothers to recall their children's con
sutilption on tile previous day. This sequence of' observations has 
been averaged to generate six annual estimates ofdaily home diets at 
ages 18, 30, 42, 54, 66, and 78 months. For example, the diet 
reported at 18 months is average with the reports for 15 and 21 
months. Thus three measures were used to generate each point 
estimate. Although the list- ol three reports should somewhat il
prove the reliability of measulrenlei't, the potential sources of error 
are suhstantial. Aside fomi the fallibility of parental recall, anrd in
evitable errors of transcription and translation froimi tables of food 
values, these three reports are used to represent average (mid-point)
coisunption for 3&5 lays. (,i'en real variability in day-to-dav con

simiption, the sampling error is potentially tile largest component of 
error variance. The contrasts betweel mean diets of tile children ill 
Atole and Fresco villages, however, remain consistent from year to 
year aind, becaise based oil fairly large samples, are llighly 
significant stati., ically.

Tlreatment EJ.v'ct1 o'in Cou.vnmptiou. Vt have seenthat 

total energy intake duiring the first four years is somewhat larger in 
Atole than in Fresco villages (about 15 percent larger at age 18 
months). This is due to !he gre:ter consumption of' supplement in 
the Atole villages. Even this difference at 18 months may be exag
gerated because of earlier weaning of children in the Atole villages. 
Because of the very high protein content of Atole, the contrast be
tweenl groups il consumption of protein is intmch more pronounced. 
This contrast is displayed inFigure 3-3. 
The protein valuie of tle home diets ofchildren in the ibur villages 

is siliar-aboit I1 percent. Recall, however, that tile Atole stllp
plement contains 27 percent llsable protein, while Fresco has none. 
As a result of consuming Atole, the total diet of children in the Atole 
villages at 18 months has 45 percent more protein than does that of 
their compeers inthe Fresco villages. 

At 18 llonth." i,the Fresco villages children weighing an average 
of"8.37 kg, consuming 16.25 gr of protein per day, are halftagain over 
WIO recommended levels; in the Atole villages at 8.87 kg, and 
consuming 2:3.75 gr of protein per day, children are over double the 
NVII() recommended levels. 
The largest efli'ct of the ltritional invervelntion upon children's 

diets in these villages has been to increase the amount and propor
tion of protein ill the diet in the Atole villages; the enhancement of 
total energy intake is more modest. 
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Figure 3-3 )ietarv Protein In Treatment Group alI Age from home Diets, Average growth curves for the same 512 children whose diets have 
Supplements, wid Total, just been discussed are presented in the lower portions of Figures 

3-4 through 3-7. The tipper part of each figure contains growth 
curves of'samples of children measured in 1968 in the study villages. 
The curves for the longitudinal sample, based on the same children 
at different ages (though only the earlier cohorts are represented by 

measurements after 54 months), closely fit the observed means. The 
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cross-sectional curves, on the other hand, being lbased an satmples af 

children who were tof ditlh'rent ages at tihe simile ti ne, are fitted 

through data points that are mare widely scattered. (The fitted 

cuirves, cantaining high-arder polynolnials, also are more irregu~lar.) 

In the lawer portions af each figure the advantage of childr,.n: 

enjaying the Atole supplement 5s clear and consistenit. In the 1968 

cross-sectional base-line survey shownt in the upper portions, the 

estimated grawth curves, though irreguilar, are close together and (10 

not show a systematic advantage ti r one village group over the 

other. The imost apparent dillerence in these lbase-line data is th~at 
hays iin Atale villages seeni slightlyv heavier thati hays in Fresco 

villages. Thuis aonce again is congruent with our prior abservationi th~at 

tihe home diets af children in Atole villages were at least ats ample ats 

those int Fresco villages lbetore the intervention, and thai the Atole 

Slphemnent in part replaced home diet. 

In Figure 3-8 we have superimposed the weight cuirves Iir girls 

(fr'om Figure 3-5) anta at chart a1" U.S. percentile narnis (UISNCIIS, 

1976). This detail points up the striking deceleration of growth 
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Figure 3-7 Boys" Weight by Age: 0 to 84 Monthis. 
thereafter. 

between the third and ninth month of life-more rapid and severe 
in Fresco than in Atole villages. While both groups fall below the 
fifth U.S. percentile norm by the age of 12 months, girls in Atole 

villages show a degree of recovery during their first year, by age 
thre reoveing amosprcenile ithetenho Gils Frscomfentbewe theyinmot thhe sesverentratnint rapriid-it 

villages stay well beow the filth percentile and remain parallel to it 
thereftergrowth, 

The striking differences in patterns of growth between the treat-on 
ment vil-e compared with the snmll and inconsistent difelrences 
before the intervention, fit the interpretation that, despite some 
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replacement of home diet, the availability of Atole did promote 
growth in both wveight and height.* 

But this gross effect does not clearly indicate whether the incre

in total energy consumption in the Atole villages is sufficient todata nfldmizedr vilnge 
.to e s 

or whether growth results from the increased proportion of 

t 
ments, having only four asses (village means)-one finds signifika t treatment ef
fects at each age levelt r both weight and height. 
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Figure 3-9 liome Diet, Supplement, rid Plhysical Growth: Outline of Strut-
tural Relations mnong Endogenous Variables-

protein in the diets of these undernourished children. By prevailing 
standards the limiting factor in the children's home diets is an overall 
shortage of calories. Indeed, the actual quantit% of protein in the 
home diets of children in the Fresco villages through their sixth 
year substantially exceed what are considered safe levels for chil-
dren of average size in the United States. 

Homne Diet, Supplements, and Physical Growth 

If it were true that the total caloric value in Atole leads to extra 
growth among these children who, for the most part, already receive 
more than enough protein, one would anticipate that variations in 
growth among children would be similarly affected by variations in 
home diet and in supplementation. 

StructuralModel. To estimate these eflects we have developed 
a longitudinal model specifying hypothesized relations among four 

Longitudinal Analysis 

developmental sequences: hoine diet and supplementation at 18, 
30, and 42 months; weight and height at 12, 24, 36, and 48 months;and 21 other exogenous variables. Figure 3-9 shows the main struc
tural relations among the endogenous variables-the diet and 
growth sequences. Vertical arrows represent the "stabilities" in each 
sequence; for example, those who are taller at age 24 months can be 
expected to be taller at 36 months. The transverse arrows represent 
interrelationships between sequences. We allow for the likelihood 

Iprior weight may influence the usual amount of food consumed. 
In turn, our hypothesis holds that both home diet and supplementa
tion affect increases in weight and stature at the next time period. 

A fhll glossary of acronyms used to represent names of variables 
can be found at the end of this chapter. In Figure 3-9 tit stands for 

supine length-in centimneters; ClISP represents a 
child's average daily supplemenlt in kcal units. The numeric sutfixes 
to these acronyms indicate the child's age in months. 

The 21 additional exogenous variables .,re not shown in the path 
diagram. To include them graphically would yield a dense maze of 
crisscrossing arrows. These variables are indicated, however, 1by
their acronyms il the structural equation-which corresponds to 
the path diagram, in Figure 3-10--and in the following talles which 
present the estimated coefficients. A mother's attendance at the 
supplementation center (MAATr) during the year, fbr example, may
alect the average daily consumption of supplement by the child 
during the same year; mother's attendance at the center, per se, will 
not directly affect growth or home diet. If the mother is still lactating 
when the child is 18 months old (LACT18). this will a-elct the 
amount of other food the child usually eats, and may directly atect 
the child's growth during the second year of life. Diarrhea (CH D-
IAR) and other morbidity (MORBOTH) may alect both diet and 
growth during each period. Other exogenous variables \ill be dis
cussed substantively, in connection with numeric estimates of their 
ef	ects. 

Error Terms. The fill model also specifies several sources of 
potential error. Each of the 12 simultaneous equations allows for
unexplained variance in the dependent variable, represented by the 
zetas in Figures 3-9 and 3-10. This, of course, is standard in regres
sion and structural equation models. In addition, however (as shown 
in the path diagram), because of' the possibility that unmeasured 
factors might simultaneously afl'ect growth in weight and height, 
errors in the equations may be correlated. This departs fr-om the 
usual assumption of uncorrelated errors in equations. 
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Z .;...;; 2 J 	 Moreover, it i; especially important to allow for, and estimate,+ 	 errors in measurement of home diets. This is known to be substan.................
7; --- tial, as discussed above; to neglect these errors could seriously bias 
estimates of coefficients. While the measures of anthropometry and 
supplementation are not expected to show appreciable error, the full 
model does allow for possible errors of measurement as well as for 
unexplained variance in each of the 12 joint endogenous variables. 

This type of model-which includes both structural equations
,.SN.), -- .that relate latent ("true") variables, and measurement equations re7 

,,, .lating the latent variables to observed variables that are fiallible-is 
S- - - .-.......
 discussed succinctly in J6reskog and S6rbom 	(1979, pp. 106-113). 

V3 	
The computer program, LISREL,* by J6reskog and S6rbom (1976)
has been used to estimate each of the models discussed in this 

MN chapter. The program provides full-information, maximum
,, .. 
 likelihood estimates of the parameters of sets of simultaneous 

" 0 equations using an iterative Fletcher-Powell (1963) algorithm forUminimization. 

§ In order to identify errors of measurement separately from errors 
in the equations, some constraints must be imposed on the param

(1 eters. A reasonable supposition is that the errors of measurement inbIHSKIl .. each sequence are an equal proportion of the variance of the variable 

,LV,cc= = 	 B.
(L[,,h,. .. 	 at that age. f A preliminary model with variables in standardized.. U 	 form (that is, a correlation matrix) was solved to estimate these error 
terms. I I ie maximum-likelihood estimates of error variances were 
23 percent for home diet, 3 percent fbr weight, and 0 percent for theZ1-L1 o 

ii measurements of supplementation and of height. Given our prior.. 
 knowledge of how measurements were made in the field, these 
estimates fit our expectations. The critical estimate of 23 percent 
error for home diets -alsois consistent with the correlations ranging..... ..000000 
 from 0.5 to 0.6 between measures of home diets at successive ages. 

Missing Data. In estimating the final form ofthis model (and the
IA5..0 0 0 0 0 0 0 -'0three= others discussed later in this chapter), the covariance matrices 

"c = 00 - 00 0  have been generated by pairwise deletion of missing data. That is,
%0 IX= 0 X -Z =....Meach covariance is based upon all instances for which measures are 

DIL] 0 00 0 0 -0=0 ax=0 QX 

s 00 0 - 0 0 	 A CDC6400 version of LISREL Ill,E 	 slightly modified so as to constrain variancesto be nonnegative, is the computer program used throughoit.
ZK11110 0 00000C.000 	 0 
OEUMt - 0 0 0 = 0 '=.-
 t Since the variance of each variable increases with child's age, assuming constant - . Q X= cao.
 o1oHH3 	 error variance would imply increasing reliability with age. Assuming a constant 

proportion, as we have done, implies a constant reliability of measurement.
R - t See Benson, et al. (1980, pp. 103-108) for an exact specification of this model,

r"-.	 1 which slightly differs from that presented here. 
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available for tile pair of vaiables-even thougll measres of other 
variables might be missing for that particular ease. This procedure 

,m 

: C . : : : 
maximizes tile use of available data and is conlsoniant with the 
maximtm-likelihood philosophy of making tihe best possible esti- E 
mates of the relevant population %-allies. Casewise deletion, while 
generating internally consistent Gramian matrices, discards data (forthis model it would mean keeping omlv 24:3 cases out of* 512 as 

Le 
'". 

* * * 

00 
compared to the average of' 444 cases) aid introduces additional t u I-
stib-sampling bias (Kim and Curry, 1977). 

Correiatesof Diet. Maxinitm-likelih,,od sohutions for the strue- . 
tural coeflici.ints olthis model are shoin inuTables 3-1 and 3-2. Our
main purpose in generating this model was heuristic: to conpare the 
eflects oi growth '"home diet and suplementation. Before pro-
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.. . 
ceeding to this comparison, we present policy-relevant correlates of I 

children's diets iulthe first of these tables. L: 
From year to year the stabilities of' both home diet and sup-

plenientation are high. (Thesecoefficients appear intiltrow labeled 
"lagged dependent" in the table.: the\ correspond to the vertical - 1-

* 

-
4 

4 
arrows of' the path diagram. Figure 3-9.) (1hiltren who eat Inore in - I 
one year are apt also to eat more the next. Beyond these stabilities -

the two variables that account for onst oi tih''.:-:ttion amioug chil
dren in the amount of sUlpplement consumed are: resid'nee in time 
Atole villages (TREAT); aid frequency -withwhich niothers attended I - ! , 
suipplemenitation centers. 
Atole and Fresco villages 

Differences bheet conmsumpnttioni 
were anticipated inithe description 

in 
of Z 

. 6 . i .16 

' 

-5 4 ~0 -? 

7 
children's diets (Figures 3-2 and :3-3). While ehildren were fiee to -
attend the centers a'one, strong association vith Iothers' attei
dance is to he expected for the vomgest, and a deeliiing associatioi 
as the children get older. 

" 
"i . 

* 

. Z 
-

Children who were still nursing during their seconmd year (at 18 
months) ate less at home and suplemented less tiam those wio had r 

- L - ; c- CO-,4 

been weaned. In Fresco villages, where time supplement was per- if 
. 

eeived as mere refreshment, mothers nursed longer;stined only negligible aniouts of' Fresco." infaits con-

Home diets of children inithe villages vary significa itlywith cu
tural characteristics of' their filniies: children with literate parents, g "
for example, are fed moore accurately. The scale labetledl "MO)-
VOC," representing the vocabulary and modernity of* mothers,* has 

This is a principal colponet 'cale.iticihdintg not ,lv tilt- S,nith-hiikeltes 0-M 
scale and a voalmlan scale. but a"dsotwwects ofchild care' St'c the variables MOD-
REV, PTVOC, TEACII, MAINV, and PAINV inthe glossar, of acrolnyms. 
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Longitudiruil Analys 

the strongest effect upon the adequac" of children's hone diets. 
Fathers' literacy (ZIARD) has a significant, but smaller, indepen
dent fivorahle ,dlect. 

When holding ciiltnral characteristics of failies constant, socio
economic variables (for example, CONS U M P)* do not show strong 
residual effects on hoine diet. Material dlituence, positively correlated with home diet, also is associated with the cultural characteris

tics that interpret the association. Children living in better homes docat better because they are more likely to have literate parents who 

more involved with their care. 
Effects I 1ro1th. Table :3-2 lists the values of the estimates of 

coefficients for growth. The stabilities (again labeled "lagged depen
dent") here accoumt for most of the explained variance in size at eachage level-an increasing proportion of variance as the children grow 

After the second \ear children's relati\e position in their 
group changes very little.1-r centra! interest in this table lies in the compariso between 
effects lupon growth of home diet and supplementation. It is clear 

that variations in the consumption of Sulpplement (mainly Atole 
during the second and third -carsof life) has an etfect many times as 
large its variations in children's home diets. During the child's see
omid \,ear, for exam!,Ie, the estimate of 0.00,54 cm growth in height 

kcal per day' 'f supplement is six times as large as the 0.0009 cmgrowth per kcal ier day, fromn home diet. 

The large effect of increments of Atole supplementation for chil
dren eating the same homne diet--contrasted with the small elfct of 
increment in home diet fir children consuming the same anomunt of 

supplemet-iscaloric \ahue not consistent with the hvpothesis that the totalof' the sup~plement (titilizing protein its it source of' 
ener*,') is what accounts for the gains of children in Atole \ illages. 

The Irge eff t of the supplement does suggest that increments in
protein derived from Atole supplementation, although higher than 
currentl\ recognized needs, are of direct value in promoting 

f In the next section we will examine this hypothesis more 

directly. 

* (CONSUM P, also a prinIcipal component factor scale, includes 17 variables charact er z i ,g th,e u , il, s hot a,d , ,.i s e ar - IaIS IY I' .. vt HOU S E R , 

W HOUSE. ROOMIS. ROOF. and COOKPL in thte glossar' of'a.ro-mvis fior 

arabeshaving th ihs odnson this flictor. 
Thie iLssumption of even larger unrelia ili,, of nmeasurement of home diets does 

not qualitatively 'hange this compri m m. 
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We should -also note in Table 3-2 (although this wil! be reiterated 
in the next section) the positive effect of moiher's lactation, consis-
tently negative effects of incidence of diarrhea, and the relatively
small effects of variations in parental stature (MAHT and PAHT) 
upon children's growth in both weight and height. 

Calories,Protein, and Growth 

To examine more directly the hypothesis we propose-that vari-
at ,ns in protein have a direct effect on growth-we revise the 

PAIII,, 

Weight 24- I,,u,4 
, \ 0)--. 11h 
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Figure 3-11 Calories, Protein, and Physical Growth: Portion of Path Diagiam. 

longitudinalAnalysis 

model above, replacing -home diet" and "supplement" with protein 
(measured in kcal units) and calories (excluding the caloric value of 
protein). 

Revised Model of Diet and Growth. Since (in the previous 
model) family characteristics were presumed to aflect growth 
through their effects upon a child's diet indirectly, but not directly,
here we simplify the model, taking weight and height to be en
dogenous variables, and the components of diet to be exogenous.
Other factors directly aflecting growth in the previous model-sex. 
diarrhea, other morbidity, parents' heights, and mothers' lacta
tion-again are included. 

The first cycle of this model is shown as a path diagran in Figure 
3-11. The same cycle sketched there is repeated for weight and 
height at ages 36 and 48 months, showing increments of the exoge
nous variables by numeric suffixes to 30 and 42, respectively. Except 
tbXforreplacing home diet and supplement by calories and protein, this 
model is like the prev'ious one (in the right half of Figure 3-9), and in 
the estimates shown in Table 3-2. 

Error Terms. Errors in measurement of home diet data (both 
calories and )rotein) are set at 23 percent oftheir variance froin the 
earlier estimate; errors in measurement of weight are set at 3 percent. An additional correlation, between errors of measurement of 
components of home diet, has been introduced-represented in the 

diagram by the double-headed curved arrow appearing be
tweet error terms for CHHDC and CHHDP (child's home diet 
calories and protein, resp,ctively). Since the reporting by mothers 
of unusually large or small quantities of food consumed on the sam
pled days would inflate or deflate estimates of protein and caloriccontent proportionately, this correlation bet-ween errors was set a:t 
0.8, approximately the same as the overall correlation between pro

and calories in the home diet.* 
Effects of Protein. Table 3-3 displays estimates ol the structural 

coefficients in this model. There are no substantive diflerences be
tween this solution and the previous (Table 3-2) except for the way inwhich children's diets have been reaggregated. The variance ex

plained for each endogenous variable (indicated by R 2 in the bottom 
row)-stabilities, negative eflects of diarrhea, positive eflects of 

The magnitude of the correlation between errors of measurement is not identifiable in this model. lowever, the stnlictural coeflcients are robust over a range of 
feasible assumptions. When these correlations are set to zero there is no qualita
tively important difference. The overall fit of the model, indicated by the value of 
X2, is improved by assuming a positive correlation. 
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lactation-renmains as before. The model is a sIbstanltially better fitto the data than was the previous model as indicated by a' 
less than the numer of degrees of freedom, and the prolabilit- of'V* th nt 

j 

1.00 (that, given the specifications, a random covariance matrix 

* 

would not provide as good a fit).
But the model clearly does underscoe the importance of proteinfor growth-especially during the second and third year. For chil-

E 
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c CI"D,-" 
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=0 
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" dren of' the sane height at 12 months, and consuming the same 
number of' calories (net of* protein) during their second year, anincrement of i00 kcal (25 gr) of protein in their diets per day leads to 

7 kg growth in weight and 1.32 cm growth in stature.* Given the 
same quantity of protein in their daily diets, however, variations in 
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* 
in.l 

* 
c! 

-

calories (net of protein) in the ranges of available food do not lead to
growth in either weight or height. With constant protein intake,variations in caloric consumption must lead to variations in energ 
expenditure (rather than acctiliulation of tat) among these generally 
undernuourished children. 

I 

c- IN 
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Reduced Form. The reduced form of these structuralcoefficients, tallied in Table 3-4, is of interest for estimating con

tinuing eflects fearly inten'ention. For example, in the row labeledPRO18 (keal protein per day at 18 months) we see, as before, that 

S -growth, 
,4 -, -.year, 

early intervention af"ects growth in height during the second year by
0.0132 cm. Because of the stabilit--the cumulative pattern-of

children who enjoyed this increment during their secondbut were reduced to the population average during the ird 
year, would still be 0.0128 cm taller at 36 months and 0.0123 cm 

- taller at 48 months. If this one keallday advantage were sustained 

-
for all three years, the increment would be 0.0123+0.0140+ 

. 0.0010=0.0273 can. 

0..ration 
" " . " Three factors that substantially impact growth and are potentiallymodifiable are prot,in consuption, incidence of diarrhea, and dutof mothers" lactation. The value of continued nursing, ndi-

C "cated 
_ LZ 

z ~cial 

here only as a yes-or-no categorical variable, varies with the 
nutritional status of the mother; our data indicate an average benefi

effiect. 
- Z, "UnanticipatedTreati ent Ejfects. We expect so de of 

i t Increasing the assunied error of* ileasurenuent of home diets froin 23 percent 

-') 
-

Z 

II.'-. 

-
.. EEEE 

. 

(derived firoin the previous tujodef } to 40 percent slight ly diiminishes the uaguitodeof'these estimates, yet they remain signific-antly jx)sitive. Given the stabilitv of home
diet (Table 3-1), it does not seem plausible fur these errors to be reater th.n 40percent. 
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.. replhceniint of liollie diet b the kinid of'sUlpleliieit offered in the

IN(:-kP experiment. 1 tcause of the high-protein (-otelit o .ktole 
and tile effects of, this ill eltlltl frl chihhcr'serowth, t.il total 
refplitvifllti woldht ]laxe resulted M gains.

Fle availhldilitv of this "'fee good"-the nutritious Atole 
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supplemieit-scms to have had two additional. ilnfleseiit- COlse
quences. One is the earlier weaning of ihilren in Atoh- villages, 

tholgh tilcotiiued nullrsing would ha, hleen hleieficial: the other is tsii.nlifiCent sex bV treatIneInt intel-act ion. 
If'one looks clhselv at tilt- dil'crene etween bovsi5and ,irls-ii 

tht gap between Atole and Irsco \ illage growth cL, es Iconi;)arilig 
Figures :3-4 with :3-6. and 3-5 with 3 -7 )-one Ina detect that the 
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adv ntag of' .\ioh is s\stematical larger for -irls than for bos. A ..sert'S of cross-secttinl two-wa" . Ss ok ariayut. oI* weight and 
height by treatim lt and sex at difh-rent ages show hill. significant 
interaction ef'cts. 
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'The dillerecies in size between boys and girls fur a lber o age
levels are shown in Taule 3-5. Ii Atole villages the gap in stature

its chiildren get older: ill Fresco \illjj,.. the L,.l ) il \%,ii ht 

widens. Bv 4S montlhs tilt gap )tetween l)()s and girls in Atole
\illages is less than h.f the gap found in Fresco villat's. 
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The com)etition for food is attenuated ii thei presence oftthis fIee 
good. 'Whil.,on the a\erage. boys eat lmloit tian girls il both Atole 
iid ]"resco villages, discrepal cies in Iolme diets duhrin.g car-V years 
are.l't- smaller in Atole \illag(bs. letwveen hlnilies, thle poor l-. and-within finiilies, the less powertll, are those who benefit from the 

gr-eater availability- of ''-. 
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Table 3-5 Differences Betheen Boys and Girls in Height and Weight by Treat

nent and Age 
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Growth and Performance 

Vertd Development RE 

The INCAP study originally focused on the effect that 
supplementation--alleviation of calorie/protein d eficiency-might 
have upon child development. Particular attention was paid to cog
niti~ e development. Because of this interest, a comprehensive and 
t-clectic battery of developmental and psychometric scales was Z....X:"

peiodically administered to children in the villages. Members of the HW. 

INCAP study team have shown significant correlations between 
supplementation and a number of' psychometric tests-specific to x"no.-
certain age levels by sex-when controlling fbr indicators of family H ' 
background. V A " 

We want to accomplish two things ;i,this section. On one hand, NA N" 

we want to narrow the scope of analysis by tocusing attention upon HEC G_.h
 

two closely related indicators of verbal development; on the otl'er %_...M,
 

hand, we hope to extend prior analyses by explicitly taking into D--,A--1-- 3t,
6 

account the developmental character of verbal performance (using F : 
the longitudinal aspects of the data base). We shall take account of, f
and estimate, errors of measurement in the dependent variables ,-- .............
 
(verbal tests) and include a considerably more comprehensive array 0 E........
,.. 
of control variables which might have prior and independent effects 0 ,................................... 
upon verbal performance. t ............. I. 

Model of Verbal Development. The model (Figure 3-12) is i,....... .......0' ,,,,. 

shown as a path diagram. This model combines a constraiied if \........ . .,,L...... . 

factor-analytic model with a structural equation (regression) model. Figure 3-12 Verbal Development Path Diagramn 
The right-hand side represents the fictor-analytic model. The 
hypothetical true value of verbal facility at each of five age levels is 
represented by two fallible indicators: "'naiimng" and "recognition" given on the same occasion (for example, tester eflects in making 
(RECOG). These tests are analogous to the widely used Peabody consecutive assessments of related performances) as well as retest 
Picture Vocabulary, assessing the ability both to name correctly an correlations between uniquenesses (for example, correlations over 
object shown in a picture and to select a picture to go with a name. time between the specific aptitudes tapped by each test). These 

The variance of each test is partitioned int) a cominmunality (ex- correlations are represented by the doublc-headed curved arrows at 
plained by the hypothetical verbal fhctor) and a uniqueness (repre- the extreme right edge of the diagram. 
sented by the epsilons bhown in circles on the diagram). This The right-hand side of the diagram represents the measurement 
uniqueness, in turn, includes both measurement error and model; the central and left-hand portions depict tL'e simultaneous 
specificity-the systematic content tapped by one type of perfor- structural equation system. The vertical arrows show stabilities of 
mance, for example, "naming," which is not captured by the other, verbal development-those who perform better at one age are likely
for example, "'recognition." to perform better at the next. This is due to the accumulation of 

The model allows for correlations between the errors of two tests vocabulary over time, the advantage which fluency at one point 
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provides for subsequent language acquisition, and, possibly, to sta-
ble latent abilities that lead to individual diferences. As in much 
prior research, we expect such stabilities to increase progressively 
with age.

Finally, down the left side of the diagram we have an array of 

independent variables that plausibly may afkect verbal performance 
either directly, as for instance, by education or exposure, or as 
proCies for unmeasured factors afl.cting development or socializa-
tion. We take the first variable, height at age 36 months, to be a 
cumulative proxy for prior nutrition and absence of morbidity; this 
construction is in accord with our foregoing analysis. Sex is included,
of course, because of the ubiquity of both earlier developmnenit and 

superior development (especially of verbal fluency) oftleiales over 
males. The possible effect of fiunily size upon verbal development 
has been the subject of antithetical hypotheses and contradictory 
findings. Economists, especially, f tvor the argument that limitation 
of famify size reflects a more intensive investment in the socializa-
tion of the child. A large number of siblings along with members of 
an extended family, however, does make for a denser social e',i-
ronment permitting-even demanding-more verbal communica-
tion. Adults and older siblings, it is held, facilitate verbal devel-
opment; younger siblings detract. Contradictory evidence in 
large-scale studies (Velandia, Grandon, and Page, 1978) suggests 
that these interpretations may be culturally dependent. Family size 
may not be linearly related to educative experience, or related in 
the same way, in different cultures. 

Most of the other independent variables are more or less tradi-
tional indicators of' familial advanta,- which, separately or collec-
tively, may serve as proxies for the quality of the home environ-
ment. Variables with the acronyms MODVOC, ZMARI), and 
ZPARD have been discussed before. These three are fairly direct 
indicators of the richness of verbal exposure. The variable -DI-
ED36" refers to the number ofstill-born and deceased elder siblings 
of the study child. This variable may serve as a proxy 'or some 
otherwise unmeasured aspects of parental care. 

Again pairwise deletion has been used to generate the covariance 
matrix. Here the total sample was screened to eliminate children not 
living in the study villages at 36 months of age (dropping the former 
requirement that they also must have been born in the villages), 
This increases the maximum number of cases from 512 to 573, in-
eluding children who immigrated before 36 months of age. How-
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ever, becatse tile model includes tests administered up to 84 
nionths-and many children in the sample had not reached that age
when data collection was discontinued-later tests are based on 
fewer cases. Age in months in 1977 (COIORf) is included as a 
variable to detect and control for differences between earlier and 

later-born children. 
Bczause the dependent variables-the hylpthetical verbal 

tactors-are estimated in arbitrary units (scaled to the con
mnunalities of the naming test), all variables have been standardized. 
A correlation rather than covariance matrix is analyzed; standardized 
rather than raw coefficients are reported.

Co:ficiet Estimates. Estimates of the structral relationships 

tor this model are shown as normalized, partial regression 
coefficients in Table 3-6. The strongest relationships, as would be 
expected, are the lagged values of the verbal fiuctors, referred to 
above as 'stabilities.' As anticipated, these coefficients increase with 
age. 

Tile most important substantive result lies in the large and highly 
significac, predictive effect of height at 36 unctuhs oil verbal perfor
inmance, even w'ien allowing for the concomitant and somewhat con
fbunded efli.cts of a large numl)er oflbackgromnd variables. Not only 
does height (which we take to be a proxy for cumulative health froim 
conception to 36 months) ,dect performance at age three, but also 
height predicts growth-learning-year by year, through age 
seven. 

'We are using light-hy-age its a proxy fbr cumulative prior nutri
tion and absence of morbidity. We do not presume the linkage 
between height and verbal developmenit to be direct or proximate; 
rather, that healthier children-more exploratory, active, and 
expressive-elicit a more fivorable and resplonsive social environ
ilent (cf Chavez, Martinez, and Yashine, 1975). The assocau.tons 
reported here do not distinguish between possible direct physiologi
cal effects muon capacitv to learn, and indirect effects resulting from 
modified social environments. While theoretically it is important to 
sort out and specift these paths, the lict that early growth affects 
verbal development also is important from a policy point of view. 
(Tile extent to which height, per se, among equally healthy children, 
may generate positive social respons 's could inflate these 
coefficients. But we have seen in this undernourished population 
that heredity appears to a( :oont fir little of the variation in chil
dren's height.) 
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Among the remaining independent variables included in the 
cc . . !2- 88 

.. 
- - -model 

I 
(primarily as controls), sex shows the usual, earlier, verbal 

development and continued superiorit , of the girls. Family size at 
birth is positively, though not strongly, related to verbal develop
ment. This is congruent with the instructional thesis, but not with 
the ilvestnent thesis (cf. Page and Grandon, 1979). Collinearities 
among the re;maining variables make substantive interpretations of 
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individual statistics tenuous. We find the typical zero-order 
correlations-ranging from 0.25 to 0.35-between, for instance, 
CONSUMP and the raw verbal test scores. The partial regression of 
0.24 of VERBAL36 on CONSUMP is h;:ily significant, but efftectsoi later development are erratic and not significant. The three variables dealing with parental literacy-MODVOC, ZMARD, and 

09
11 

>0 
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ZPARD-all have positive, but low, coefficients. Because these 
three variables are both conceptually and empirically interelated, ifwe were primarily interested in estimating their joint eflect, the 
variables probably should be blocked together or treated as a coin-

I mon faictor. Because here we are primarily concerned with the elL-
R tects of nutrition and health, we have not tried to sort out the 

2independent 
Z~ 2 

effects of tiese, fhmilial background variables; rather we 
are content to treat them as controls. 

I 10 Performance in School 

E= 
h-:age 

About half the children in this longitudinal sample who were over 
seven on January 1978 had been enrolled in school. Childrenwith superior verbal attainment before school age are most likely to 

I 
S..villages 

I* " 

t c 

U 

. enroll (Irwin et al., 1 S0). But there are large diflerences among 
in the proportion of children who enroll. The social and 

Z 
2 

i~. 
I 0 0 

: 
Z)-J 

economic factors that lead to tli se village differences will be dis
cussed in Chapter 4. 1lere we will focus on the performance of the 
hundred students in the sample who completed one or more N'ears 
of school and sat for the first-year final examinations in language and 
mathematics. 

. . 
. 

. 
While at one time in Guatemala nationally administered objective

tests were recorded each year for children enrolled in school, this 

- 0-

CZ U 2Uscores 
C)MU .< 

3 

EiU .1: 

2practice 
.-

has been modified in recent years so that the recorded 
reflect subjective teacherjudgnent. This means that a variety 

of'social and psychological factors may play directly upon these as
0 2-N N N 0 U sessments, independently from whatever eflect such judgments may 

have on measured academic performance. Western educational lit
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erature abotinds with accounts of the impact of docility, dress, lan-
guage, and family background upon teachers' perceptions of "good 
students." There is also a well-documented tendency for teachers to 
1i orinlalize" estimiates of 1erf'orilnce, that is, to assess performance
relatively to the distribution of achievelbent in a class. The "good" 

At 

Agr d - A,& 

V,1Vrl..ig,.,-
Smri Fr 

,... 
S AiAti, 

student iin one sChool might appear medicre ill another where 
average standards were higher. 

Because of this relativization ofgrades, and possibly idiosyncratic 
bases of judgment used !y difitrent teachers, the model to be de
v'eloped here includes "duimmy" (I - or 0-valuied) variables repre- F,,,S. 
senting the diflerent schools. 

Our path model of fictors allceting teacher assessments is dis
played in Figure :3-13. It consists of tWo simultaneous equations-S 

ne predicting assessmneits at about 99 inoniths of age, the second -. 
P~redicting verbal attainment at 84I months. Teacher assessments are
indicated by both mathematics and language grades (which are in-

ah%\v. 
t., All ...... t 

tercorrelated at r = 0.87). Verbal attainment, as before, is indicated(i,..,, A/ 
by the naming and recognition test scores. 

A new feature of this model is that both head eircifih-remice and 
stature are taken as fallible indicators of' a hypothetical Construct, 
"SIZE." Diets were last recorded lor ages fromi 72 to 84 miotis
some time before most children inl the sample actuoallv enrolled. 
Nevertheless, diet at this age is postulated as potentially aflecti 
both verbal attainment at 84 months and performance in school later 

.g 
SA.. 

on, as assessed by the teacher, during the fltlowing year. Because of* 72 
the substantial and increasing stabilities of children's diets, it seems 
reasonable to assome that this earlier Imeasure call serve is il ill)
proximate proxy for diet (huring the school year.

Other featuires of this model-sources of error, hvlpotlesized cor-
relations betweeli error terms, and exogenous variales-are shown 

,..... il.. , ,.. ... 

in the utsual fitshion. }Paraneters fr the verlbal attainmnit factors. 
and the error terin for home diet estimates, \were assumed fr'om 
results of the preceding solutions.* 

Since teacher grades, as verbal tests before, are sealed ill arbitrary 
units, a stanmdardized solution is presented iii Table 3-7. 

Looking first at the determination of verbal attainment at 84 

,---,,,. ,..,,.. 
...... ... .. 

. .. .... .. 
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* oiltcorrelation betwtpei errors (tllli(pilt'ill(sss.s) Of the t\vo grad s is not identi i-

able. Once again a rnuge of zLesUimltions I'roi 0.0 to 0.5 \wis tritd. .\ximmomul
likelihoxd estiimiates of the tibee parameters were robust over these alternative as-

Figure 3-13 Teachers' Assessments and Verbal Attainment Path Diagram. 

stiilJ)tioiis. 
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Table 3-7 Teachers' A sessments and Verbal A-tainment-Standardized Struc-
tural Coefficients 

x'= 75.40; dif= 186; X2/df = .41; P =1. (Number of cases: iniimuon = 41;
average = 90; inaximun iX)) 

Dependent Variable: ASSESS99 
 VERBALS4 
'tandard Deviation 17.16 4.15 

Structural Coefficients: 

VERBAl 84 .40*

DIET78 
 .71* .12 
VEiBAL72 .... 83"* 
SIZE72 
 . .30. 
YOUNG72 
 .19 
 0. 
A'FFAGE 
 0. ... 

COHORT 
 -.23* 0. 

SEX (male) 0. -.06 
ZPARD 
 0. .05 
MOI)VOC -.060. 
CONSUMP -.15
EDASP 

0. 
.12 ... 

VIL2 (Large Atole) -.24 
VIL3 (Small Fresco) -.34* ... 
VIL4 (Small Atole) -.30 ... 

n2 = I - ip .65 .W 

Coefficient greater than twice its standard -rr.,.assaamiig the imininim nuiaer olf-ast's
(41). 
* Coefficient greater than twice its staniard error, a.ssuming the average nuilier ofcasts (W.
0 ':oefficient ssuini,,g the maximini number of
less than its staLard er.. ases (W). 

...Coefficient not instnrctural equatilo. 


months,we find again that the lagged variable (verbal attainment at 
72 months) accounts for most of the variation. The coeflicient is 
almost identical to that reported in Table 3-6. 1lowever, "SIZE" at 
72 months has a considerably larger effect than that previotnslv re
ported for light at age 36 months. This variahe (SIZE) includes
contiming eflects of variations in nutrition and health between 36 
and 72 months. 

Turning now to factors Aectinig teacher assessment of petlor-
mance, we see that verbal attainment ha-s a substantial efftect, as one 
would expect, and that there are cohort and village diflerences. The 
child's diet (total caloric value), however, is the largest and most 

significant factor 'affectigaiteacher's assessment of'perormance,
when holding constant prior verbal attainment, size, and a large 
number of' other variables. 

Longitudinal Analysis 

This clear finding* provides strong support for Latham ..nd
Cobos's (1971) thesis that current levels ofenergy have an important 
impact on learning and performancet even among children withcomparable prior nutritional status and comparable levels of ability. 

Summary 

Rather than reiterate the text, this summary will ofler a series of
substantive propositions organized into two groups: (1) fit-lings re
ported with confidence; and (2) findings and interpretations .eported
with lesser confidence. 

The classification is based not only on levels olf significance of
individual regression coefficients but also on a combination of appar
ent robustness (evidenced by internal consistencv across models),
interpretability, and, to a lesser extent, congruence with findings in 
other research. 

A few statistically significant coefficients which appear in this 
chapter are not discussed in either the text or this summary. These 
are primarily coefficients of s;ocial and economic indicators, included 
as controls but which themselves were not of central interest. Be
cause such coefficients were included eclectically-and, to some 
extent, redundantly-the magnitudes theof partial regression
coefficients vary from ta)le to ta)le and hence ftailon the criterion of 
robustness. As indicated in varous places, the focus of this chapter isprimarily on the biological rather than social, backgrounds of devel
opment. 

Though some of the following generadizations are stated flatly, it is 
to be understood they to apply tothat a'e intended comparably 
undernourished populations of zhildren, "other things being equal." 

In addition to the high level of significance of the individual statistic, albeit in a 
small sample, the model provides a very,good fit overall to the data as evidenced by 
the value of X2, which is less than half the number of degrees of freedom, and the
probability level of 1.00.t Note that diet at 78 months has but slight impact on verbal growth. However,
there is little roem for further change in this verbal factor as measured. The value of
R2 , 0.99, indicates that virtually all variance has been accounted for by age six verbal 
attainment and by szce. 
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FindingsReported with Confidence 	 Findings Rcportd with Less Confit dn c 

1. 	 The availability of'ee high-protein supplements in the Atole 18. The availaltbility of the Atule stpplement led mothers to we'all 
villages led to: children earlier. 

a. 	 an increase in total caloric intake; 19. (iven the same constimption of protein, increments of 
1. 	 partial replahc-ement of home diet; calories (net of'protein) do not lead to growth. 

C. 	a sulbstantial increase in the proportion of'protein in the 20. Verbal performance is enhanced bv the presence of more 
diets of Atole village children. older persoils in theiltolsehtold. 

2. 	 After the introduction of supplementation, growth in wve.glit
 
and stature was greater in Atole than in Fresco villages. References
 

3. 	 Diffirences between Atole and Fresco villages in the growth 
and stature greater for girls SnII.I,N u.I-N. B'D,:iI NIARIA 

than for boys. . , MAR.-.in.x B. \VILSON. "duuir & Nutritiowi 

of 	children in both weight was BENs,,N. (C.I..ES S. MHf J B L.E.R:TsN, M E. 

4. Incidence of diarrhea It consistently negative effect upll 	 .\'"Hiputt. L'S.\ll) ( .,iiit dL Nit. AII)/I)Sl'E-(-(X)21. Apri:u, 	 .(OIrdi(( inl 

physical growth-p--articutrly oil statire. (IiAVFZ, .'l)li .{ 	 I.I NI.AINiz. diii TAMA h. Yx itIINI- hlt nttiilf 
i i i NI .! did s t.i.tl Y 'hIIINE.p I ii .rli

5. C hildren are m ore likely to cotlsu ne stup lem ent if'their C NZtit .l St Ci ( l ( 	 tt li tl

mothers attend the stpplementation centers. 	 nutritio afd .mhiatal I),'il , i t. led I,.IJdl luin (Craiitt,. ltdII1fllibrat1 .lt.,hj( 
6. 	 Stabilities of home diet, supplementation, weight, height. aid [it)IValdinqiit. pp. 211-225. 'pp.l.a. Swedetn. Al..\hp ist & Wiks,.ll. 197-1. 

and verbal attainnent are substantial and increase with age. CI IrAz.AIx)ci.i-i. L.A1 %kIII INIEZ. idlilt h.t YAii IIINEI. "Ntrit inl lrha
t7. 	 Boys eat more than girls, even allowing fbr weight differ- F,'dtii ,-I,i, -it 1571- 15.2.j il.5 

ences. 	 CIEi NI(iCtiVSKY. l)i iV. l1ii ...\is {( i.Vl'i-:. "An ':-i'mi . alvsis iitAni. lof )eDiet, 
8. 	 Parental literacy is asscciated with the provisiton of better ( tth. and I.LIii fihII lihI iofi tCit'li t' it-id States.- ( Xi!bridc. NIass.: 

home diets. Natitital Bur'aii of" Eltmiiliic ltese.kili. Wt'orkiig Papcr Nit. 146 kiniiit'o
9. 	Children still being nursed at 18 months were taller. graphed). 1979. 

(iCls-IS-tASEN:. Nit:i.s. 1xF Vvms JNii Oi.Iis- Mliti. WAGNER:i.)IIii) .,:id NAIA)portion 	 *SK.\ .lland luAt . 10. Increm ents in the pro of protein ill the diet during the 	 llE .ii ninvii-: k i t ' l Ji.'lv ( IiI' Metald i a. 

second and third years of lite lead to gains ill \%eight and Ear! .Ialnutrition ,nits I# a.',d.. itd by otaqin lliotLtift. 
heighlt. I laIbrat'us. and l o N hllitst. pp. IS6- 199. Uppsala, Sw-dti.qi 	 Aliiqiist & \ik

11. 	 Taller children perftrm better oin verbal sell.tests. 	 197-. 
IJ midiI AiUI:. 

iinic'a tritiis hl/ t ] t 3-io 

12. Children from more ailhtent homes perorm better oniverbal 	 (:HAVi I'(). AltiCIN. LsI l-:l t:. "Emivirniiait.d (C:orrlate-s ifS'vtert 
tests. tetsro 	 (C l ia. ln i d .ltiia t' . )NIiiiia t ip1u lii/i"n ti'i.Kwa rk 4" tio. l, .li,'t ad 73]-.
 .%l al~smo, nl Nu.ltri ,-1oi .ipfft,'m t'l]ailior', pp. 

13. 	 Girls perform better than boys oil verbal tests. Winiitin. l).(:.. PD.tiAiiii-ih.w th I-i lictiII,. EHIC EIl,)I l .Ltit 1972. 033.3. 
14. Children with high verbal proficiency are more !ikely to en-	 (:11 NBAtK. I.:i: J., mid A.ittl. "ltiird e,'fi,,' ,ift'r,,.rai Evahuati,,n. Sall 

roll 	 in schooI. I i.Ii,,s. Jiist. -Iis-,. l4tt 

15. 	 Children with high verbal proficiency are more likely to per- Ei-:;i-:. l'.vPlAlitA. CI:,, E.- 'I %tmlm,:il. Jui, ri\wNF:N IHmivr E.' KL:IN. 

form well in school. ,idi %ltNIK liwi, "Si-\ )illhiit'-ict'-i tlbt- Etl t -ctsoI Niutritimilat Sicial (L satill 
16. 	 Children having high current energy intakes pei-brm better N).t.tl I)t.\ihlliiiilt in iii.i ii.li'nl. .%iin',,tt1dnhi'.NI 1.979.in sch ol. 	 Vc.i-:m :iii-tt. H.. .and .NI. J N U\ d (iiilt irgetnl I)i'sci-tllt .NhthIlid talr. Il'i iw*;l... I~ml 

inscol.Mlillinzalioun.'" C'omplt,'l J,,urnl bikOJI.Ui 1GI- lis. 

17. Parents' a correlation 	 MAi:. PlAlitHIA (:.iti.: E. Ki.-'iN.statures have low with children's 	 IlWIN. L.. HAE. YA.ISHit(;JI. HiR-:mrr 

growth. 	 aid JlI iVT WNSEN). "Tlhe ltitinship iTrior Abilit\ and FIaniiiy Clharat.ttis
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Glossary of ,.Cronyrns Used in Chapter 3 

Note: Ntmeric stflixes indicate age ill itoiiths except fir VIL. 

ANIMALSS Value of dl a.iirlr 
.\SSESS Te;ctlr assessitiett of child's school pe-lfo)llmlnce: 

conIstrtct indicatVd 1 I.-N; and MATHlAN 
A IT"A (GE Age child first ci ruolled in school 
BIKE Bicvcle 

Lagedili\t n 0'al xciht111 
l)I|Oti'II: CtOistrIct i|ldicatcd iv (:1111 II)C and 
CIISPC 

CII DIAl PIll)ot'tioltif davs child had diatrltea (.dtlil-g litter
';l 

.f i l l ( , (Ch i l dl's h ea'd t'il' c'l i t l ' |' VIIt't i l l cc i ltt i t te r|s 
C(:1111) Child's total home diet ill kcal itsitli l I)"C + 

CA I, Ave c|y|n slIi0l)l )if tries itg 

(' JiI ) ) 
(:1111 DC Child's lti0tl1C diet cahlrie.s exchuidjiI Ijttittii 
CCII Child's Iilote diCet protteit ili kcAl lilits 
CIISP Childs total stl)I)lelt.,Vlt in kCtal inil. )(1ISPCP +*k,IiSPI' 

(:1ISP( Child's Sti1)l)etlletll calories exclttli, priotcit
( IISP] (hihds Sltpple itlt protein ill kctl l||its 

CO()i )I I"T Age of child inllt tjitlis till Matr-cl :31 1977 
(()NSUIMP Ilisitig, i)ossessi.lis, ;it(1 Sal;tr\: lritcipal cotlipo

litlt Eiltor scal. 
C(O)OK I'I l.a.timio of cokiitg place- kitclen.tslV)a-att. beld

rrom i oot
KIP IOO 0 1p l lorw 

(()()KTP Type of cooking lace: stone, high forml, how fi'
lal, high itnb-al. floor, i1l1e 
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DIED 
DIET 

DRAIN 

EDASP 
FLOOR 
FMSZ 
HOUSE 
HOUSER 
HSOWN 
HSTYP 

HT 
LACT 

LANDAN 
LANG 
MAA'IT 

MAIIT 

MAINV 
MAOCCA 
MAOCCB 
MAREAD 
MASCI I 
MATH 
MODREV 

MODVOC 

MORBOTII 

NAMING 
PAHT 
PAINV 
PAOCCA 
PAOCCB 


PAREAD 


PASCIi 
PASTAT 


Malnourished Children of the Rural Poor 

Number of child's siblings who have (lied 
Child's total diet in kcal units (CHlt D+CtH1SP) 
Water drainage: hole in ground, floor 
Mother's educational aspirations for child 
Floor material: b~locks, cement, adobe, dirt 
Number of persons in Iiunilv 
INCAP 1974 house scale 
INCAP 1974 raw house scale 
Ownership of homime 
Type of house: formal, semi-form'l, rancho, im-

provised 
Child's height in centimeters 
Whether mother was lactating (dummy 1- or 0-

valued) 

L-and owned by tu.iiv 
Grade given to child by t-acher in language 
Proportion of days mother attended supplementa-

tio-i center 
Mother's height in centimeters 

Mother's involvement in child rearing 
Mother's current occupation 
Mother's usual occupation 
Literacy of mother 
Years of schooling of mother 
Grade given to child by teacher in niathemnatics 
Modernity scale-lnodification of Sinith-Inkeles 
O-M scale 

Mother's modernity, vo'al~tiary, parental in-
volvemneent with child: principal component fac-
tor scale 

Proportion of days child had seine morbidity-
other th;.n diarrlhea-during the interval 

Naming psychometric test score 
Father's height ill centimeters 
Father's involvement in child rearing 
Father's current occupation 
Father's usual occupation 
Literacy of hither 

Years of schooling of father 
Father's occupation, ownership of land and animals 

PLANTY 

PRO 

PTVOC 
RADIO 
RECOG 
RECORD 


ROOF 
ROOMS 
SALALL 

SANIT 
SEWING 
SEX 
SIZE 

STRUC 
TEACH 
TREAT 
VERBAL 


VGRA 

VIE2 

VIL13 
VILA 
'WALLS 
WATER 


WT 
YOUNG 

ZMAOCC 

ZMARD 
ZPARD 

Longitudinal Analysis 

V. ue of land planted 
Average daily consumption of protein in kcal units: 

construct indicated by CHHDP and CHSPP 
Vocabulary of mother 
Radio 
Recognition psychometric test score 
Record player 
Roof material: metal, tile, straw 
Number of rooms in house 
Salaries earned by all family members 
Sanitation: septic, latrine, none 
Sewing machine 
Sex (male scored 1; female scored 0) 
Physical size: construct indicated by CHHC and 

HT 
Family structure: nuclear vs. all other 
Instruction of child by parents 
Village p ,ir in which child lives: Atole vs. Fresco 
Verbal attainment:, -nstruct indicated by NAM-
ING and RECOG 

Value of five major crops 
Larger Atole village 
Smaller Fresco village 
Smaller Atole village 
Wall material: stucco, adobe, bamboo, reed 
Water source: water system, own well, public well, 

river, or lake 
Child's weight in kilograms 
Number of younger siblings 
Mother's occupation 
Mother's literacy and schooling 
Father's literacy and schooling 



Chapter 4 

DETERMINANTS OF
 
CHILDREN'S SCHOOL
 
PART[CIPATION
 

by Judith B. Baldcryton 

This chapter describes .1 stildv desigued to t(st for the cel*ects uponchildren's school ipartici)ation of their prior nutrition and health
conditions its \\ll its of their parent's oCCu)ation, education, andAl ence. Such analysis Inust take into account that. even thoughschooling is minuulsorx' in (uatemala, custolunail\the childre.n ill rural aveas actually att(nd school, 

oniy about half 
evn at the lowest 

prim-arv lev-L. Childi'(ons work
home activitiV's gelVnerally take )laceV ator oilflmuily agricultural plots. although it will bc seell thatsome clildreu eariu illoiuev in paid hourlv work, uiostly agricultural.Maiu chillen who attend scho(ol also (uindrtakework activities 
duuing olut-otlschool ho'urs.
 
The central question 
 of the* icirkt.lh\ sti dv \%:s whu'tlhvi- thelikelihlod of school (nollmenut and suhs.(p,,oiu t achi(\c*uut'ut dhjllds on chuildre's tarI' and (')ltil.uIiu. ioutritio) and hevalth. Ala\\ilson's aznlysis (se(Claptr 3) shows that mitritiuo ath l(ealth doafihct childlreu's '('rbll scors and schuool acliv eumelt. Illthis cha)ter \yI.assli(c thoat effcts oflpriou. nultritnio and hbealth arebyVthe childl's attained v idtuthei.ht at age sc(\,l and that Ioasores oflCol,'c',-V.,t
ll ltltitiuli ]iitakc anud morl idlity a.( asiliuablu . Ihlre \veiuutroluuc. (ucoonulic clharacto.ristics of, the child's Liri to oxamint.low these appar to afflJet work and school actiities.It was hvpotluesizec

d that several Lictours would shilpe lauil.v decisions ahout whetlhr a child would attend schlool: (I th(echeomicliedtr it child's work, determined bY Ifiiiil\ occulpation and land

P.3
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holdings, Linilv size and composition (including age and sex of all j sectional studies, it is hard to control for SES and thus isolate nutri
inembers), its well as Iv family iheollie; (2) iii addition to these 


Seastiralile ecoiinic -actors,attitudes schooling,
parents toward 
based on their own edricatiolial experienice, aspirations, and expecta-
tions for their children, arnd attitlides about doing witloit children's I 
present help in family ftrin or- household work: (3) tihe influeece of 
the child's physical de yelhp iiei t mud verlbal ability at school age i 
(aflected by prior nutritioi and Iealth), oil the choice of whether or 
not to enroll the child ill school. 

Whether these fictors exert a positive or negative iiflurence is 
hard to assess a priori. Alan W\ilson's findings indicate that taller 
children also achieve higher levels of%' erbal development atid ap-
pear to be more srrccessill ill school. lowever, healthier 
children-seen as more valijable for w,; k on the filiilv Litr---mav 
find parents less willing to dispeinse with their hell especially fu'r 
children able to carry ont work and school acti\'ities concirreitlv. 
Weak. sinall children may be seen to Ibe of little \alue ftir work. it t 
also as unable to profit froii edurcation. The signs of the efh'cts of' 
nutritional statuis on sehool participation, therefore, cartraot be de-
termined without iniormation aborlt the relatiout between family 
economic needs and children's work activities. 

Although poor partieipation, dropout, repetitioii, aid ftiireiirMLke 
for serious wastage in in:trr educational svstemIts, and although we 
suspect that rualmititritiori and poor health contribute to these prob-
lems, sur-)risingly ft-w studies have tried to estimate the contribu-
tion of nutrition and health to school success. In fact, many schoozl 
fieeding programs have been itrstitiited withoot evaluating their sue-
cess (see Pollitt. 197s. 

Many auth'ors recognize lmtiily-acekgrormd ticters as inherent in 
school wastage hut have had to rely onl oil ieastires of socioco-
nomic status awl income (see Alexander and Simm ns, 1975; and 
Sharma and Sapra, 1969). Since tiese aithors (lid not have ilmihrima-
tion about diet and health, their results imply that health, growth, 
and parental background can he adequately described by ii ome or 
socioeconoil ic status, ailJ thus that s oioecoiorii ic status and in-
come are determimmants of school participation. \We know that it is 
highly likely that low socioeconomic status (SES I f!tiiilies ha'Ve 
poorer chances of, school success, less adequate diet, and generall.y.. 
less stimulating social environment. Biut it is dillicult to isolate tri-itHer 
tional and health components, biecause (iaextensive nutritional data 
have never been collected; and (b) inpurely observational cross-

tional and health efl'cts on school perfornance. 
Recently, important work by Niarcelo Selowsky (1978, 1980) pre

sents a theoretical fiamework for examining relationships between 
early health and nutrition and later school achievement and produc
tivity. Other work has estimated relationships between nutritional 
status and schooling using blood-iernoglobin levels and schxol 
achievement (Popkin and Lim-Ybanez, 1980). Shortlidge's (urnpub
lished, no date) work on the determinants of school attendance in 
India. using Becker's theory of honsehold choice, explains parental 
decisions on the use of children's time Iy including fumily charac
teristics, but not characteristics of the individual child. In the pres
ent study we shall approach two of these questions-the relation
ships between children's nutrition and schooling and parental 

decisions to enroll children balanced against the need for children's 
work in family economic activities. 
The longitudinal study cat-ied out by INCAP made it possible to 

identift' determinants of height, verbal decelopmnent, and sclhool 
enrollment (see results of such analysis as presented by Alan Wilson 
in Chapter 3). The sipplementation program allowed irs to separate 
out the eflects of fainily economic status frtom the child's f)od intake 
since children at low-income levels were able to obtain better nutri
tion than othervise would have been available. The INCAP experi
ment and data collection, therefore, permitted us to analyze how 
attained size at age seven-as a proxy measure of' prior nutritional 
intake and morbidity, along with current measures of health
adlected school enrollmnent* and performance. The abundant mate
rial on family work, income, wealth, parental literacy, and percep
tions about the economii utility of'children (collected in 1974-1975 
by RAND) allowed us to look at relationships among fahmily eco
nomic conditions, children's work activities, and school attendance. 

There were three sets of infbrnmation: INCAP's longitudinal data, 
RAND's data on filnnil economics and children's activities, and IN-
CAP's school performance data. Unfortunately for our analysis, 
these three sets of'data were not available for the same subjects. We 
had to make tise of available data, therefore, bl Carrying out the 
analysis in stages, which will be described in the mvllowing sections. 

id 
,-Iixethe data enrdet,collht-tdattb\ndnc,IN(CAPand particiation will be used interchangeably sin~e hdlt defined atttvndan(cv itscomple'tion of the 

schoxl year itsindit-aied In gratdes received. I)at on eirolhment aind actual atten
dance would have beemn pre'm-able but were not available for all the villages. 
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Framework of the Analysis 

A child's participation in school can be seen as the result of a number 
of thctors which f'all into three general categories: the family's eco-
nomic conditions, the child's individual characteristics, and the par-
ents perceptions and decisions about allocating children's time. In a 
simple model we can show how flmnily economics, child characteris-
tics, and parental attitudes contribute directly to the child's school 
participation, while recognizing that these ftactors themselves are 
interrelated in complex ways. 

Family Economics 

Occupationu, income, hind 


Child Claract'ristics 

DeterTninants of Children's School Participation 

recognized. First, tlunily economic conditions naturally affect both 

the child's development and parental decisions concerning chil
dren's work; the operative mechanism, however, is not completely 
clear. Second, another arrow is missing that would connect the
child's health and d'. elopment with family attitudes about the 
child's work and schooling; ignori-ig this relationship potentially in
troduces bias. In a further investigation it would be important to 
look at the relationship of the health and size of the child and the 
kind of work performed, bui here wu had to ignore this relationship 
because of data limitations. In fthot,we could not even estimate the 
ill model as sketched, because data were not available that would 
allow us to include school, work, health, and development variables 

for the same group of subjects. Therefore, we had to estimate the 
fiollowing models separately. 

Modei A. The influence of economic need for the child's work 
was examined by way of a simple model: 

ol ili t
 

Size,' vt'rbul de'vcec puimnt, School part icipa~tiont_____________________ Schol particiaiu 

Paren'ltal Attitudhe% 

Pe'rceptions ,f conii tailit%, 


attitudes alit schc glil. 

and child*'s
work aetivitits 


Economic conditions include family work, income, size of funily, 
and landholdings. Child characteristics include the child's sex, size, 
health, and mental development at any age studied. Family at-
titudes shape the decisicns that parents make, such as fhuilv size 
and allocation of children's time. These attitudes control whether 
parents are willing to defer children's present help in favor of 
potentially higher future earnings that may result from school 
attainment. Here, in order to estimate the effect on children's school 
participation, we use a scale of parental perceptions of children's 
economic utility, meastres of parental educational aspirations for 
children, and measures of the work activities undertaken by' those 
children. 

The model above involves two kinds ofsimplification that must be 

Here we looked only at economic variables-neglecting health, ver

hal development, and size of'child because these elements were not 
available for that sample for which work information was available. 
We concentrated on how family economics appeared to aflect chil
dren's work and school particilpation. By specifying the model in this 
lorm, we introduce bias because of the negl 'cted variables of child's 
health and size which are correlated witl. economic group and 
affluence. Therefore, we tend to overestimate the effect of the need 
for the children's work as a cause of nonenrollment in school. We 
expect that in poorer tlunilies, school enrollments would be lower 
because of the greater need for children's economic contribu
tion, and also because poorer families suffer from poorer nutrition 
and health; by omitting health and nutrition variables we tend to 
overstate the eflct of the included variables. For this model, data 
were available for children born before the beginning of the nutri
tion experiment who were not included in the set of longitudinal 
data. 
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Model B. Similarly, we looked at the influence of tlamily eco
nomics, size and health, and verbal development on school enroll
ment. Because of the presence of the supplementation experiment 
and the introduction of health care into the four communities in the
study, it was possible, partially, to separate the influence of health 
and physical development from family economic background. Thus 
we have another simple model: 

yt'Cohhlljic, 

School participation 
Child's health ud 
physical deehopine.t 

This model tends to overstate the importance of' health and size by
ignoring the fact that less-afiluent tlimilies may need to have their 
children work more and attend school less, while more-ailuent 
families whose children may be better nourished and developed are
also more likely to be encouraged to attend school. Because of the 
existence of the INCAP experiment, however, for the group of sub-
jects followed since birth, it is possible that this connection has been 
severed-that here family affluence is no longer a strong determi-
nant of the children's physical growth.

Model C. To avoid the problems inherent in Models A and B, 
we sought a method that would take advantage of the two sets of'data 
and that would improve the power of' each of the two oversimplified 
models. We took the results of' A (in which flimily economic group
appeared to relate to school enrollment) and partitioned the sample 
into four economic groups. three groups of farmners and one non-
farming group. Then. returnig to the three cohorts for vhich we
had size and health data, we used Model B to examine school-
enrollment patterns within economic gr'ups so 	 as to test for theindependent effects of health and size on school enrollment and 
achievement. We split the sample by villages also and noted that the 
differing economic characteristics of the villages produced diflerent 
patterns of school participation among villages. 

Determinants of Children's School Participation 

Sources of Information 

We had three sources of intornatioi on children's school and work 
activities: 

1. 	The "'RO9 Files"-inforinat c,I collected by RAND with 

Rockefeller Foundation sil po, t-provided detailed inca
sures of children's daily activities collected over four rounds, 
reported by mothers of 552 children, seven years of age or 
older in 1974-1975. 

2. 	The INCAP schooling-information on 714 children born be
tween 1962 and 1968 for whom there were data on school 
enrollment and achievement for 1972 to 1978. Material onchildren's paid work activitie, was included in these data. Theinformation for this set of data was collected by INCAP in 
wo.k supported by the National Science Foundation. 
Schooling data cattne from the Guatemalan Ministry of Educa
tion. 

3. 	 Information about school enrollment and achievement for the 
543 children born between 1969 and 1971 who had been 
followed since birth in the INCAP longitudinal study and who 
were eligible to enter school by 1978. 

We merged sets of files to match information by each individual 
child. For children born beftre 1969, data came chiefly f'rom RAND 
files and did no" include mieasures of growth or health. For children 
born between 1969 and 1971, a large set of data on anthropometry,
morbidity, and diet was available in addition to information on the 
flimily f'rom the RAND files. 

R09 Filesfrom LANDfor Children Born before 1967 

RAND collected intfrmation in 1974-1975 for children born betore 
the initiation of the longitudinal study. RAN D's data included inca
sures of fainily work. family size, parental expectations, and an Lni
bitious study of' children's activities, from which we selectedi infor
mation on activities of'children over age seven. A corresponding set 
of' intformation was collected on the activities of children tinder 
seven, but only when the child accompanied the mother in tinder
taking certain activities. For children under seven, the study is more 
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one of" mothers' that| of children's activities. The list of* acti'ities 
iichdeal chores to help the family, work for pav. fitrin work. etc.* 
Tile methlod of iiopiiry wits toi ask Imothe's it their cfild;ei had 
perforned such activities during the' prev.iols day. itervie'ws were 
conducted over folr rounds. We sehected illformation fromi the third 
round-cosiderctd to lIe more accurate tiau the first two 
rounds-which gave activities fbr a (lit\ \ hen scholl was in session. 
(For detailed analysis of childrei's act\ ities, see (lark 1979). Other 
econloilic informatioi collected bv R\N 1) was merged with inl0'iiLa-
tion on childreii's activities and matched by\ ftmily and cild. From 
these data we could see how clildrel- difleh'r.d ill activities performed 
according to sex, alge, X: lage. family sizte. and econiomic, need. 


From the list of'all activities, ouc \riahile, "work." was conptted 

to indicate whether the child undertook almx work activities. T'l . 
f r iiiiig fiuoir variables, ' w ork ouli, - 'chool oidx . work ali 
school," and "neither work nor scho,". we perfoi nted regressiono 
and logit analysis to test hypotheses that village, ltmilv size, kind o 
work, and relative wealth appeare-d to atlet the dispositioi of chiil-
dren's time. VWealso disaggregated by larm groups (1ll1ll-l'rilers and 

subs;histelice, senmi-subsistenice, and comliniit'rcial tLoriiit'rs) to see how 

children's activities appear to bi relatef to partal ecollnlmic group. 


The INCAP Schooling Sttalwlt- (.hildri'nBorufl'(, i 

1962 to 1968 


It a separate set of iiioriatioicollected li IN(CA 1 in 1978 under a 

study sponsored by the National Scio'ict,Foundation, data w'reM 
available to its to exami,,e patterns of paid work t children of' age 
ten to fiftee,. in 1978, as well as their sclo l enrollent and 
achievement from 1972 to 1978. This part of the st odv lacked inifor-
mation on childrei's hicfp to their fitiilio.s-that is, the ki,,d of 
iitpaid chores that were covter'd ill the HAND activities study. 
Using the iniirinatiOl so coll'cte'd, ill cLnIunction with tle saint, s't 
of economic variables used with the RANI) data, we vere able to 
extend the anioit of' inilormatioii a\ailai' toi us aboit wlich ci'll-
dren worked fir pay and vhich childrtn attentdd school. 

' t'ilipl'te lisi f activitits iclu h'd: lirt'pare.d foo for flundil , t ooik at'irof 
ch ild ren , w ont slio il g, c utri d w att r. c~or,it'd %% otll.d id lauind r\, t rrit'd i lvls.did IIron work, sold irodts, workt.d awao\ house for a.,Iiii %workedwtint

l ust'hllti, o lh r activities i nisi, iilus , isiitd rtlit es. a 
 d olth' actiiilit.siil iit . 

hioust, atlite ledschool, visithd clinic, and spei ni lghts away fri h ii01., 

D'tt'itinantv of Chilrn Scho'oarticiputi!) 

This set ofldata enalit'tsl to hlok at the ,miost recent eidence Onl 
whether children vere attending schol alld'ir hld w:orked for pay 
in the past. Ih're. ewere looki,. a "school "work or pa." 
school and work for pay." and "ntither school nor work for pax." 

carried out Ie ll. sis, usingI'grt'ssioiI()rdinarv least Sluares, to 
test hypotheses that ulrollmilnt and paid work were idth-cted by 
family e'onlui activities, illage..sex. ;,id age. We aggregated, as 
al e, all occupational guolmps to.ether aid theii repeaed the Statis
tical tests hn the fir categories ( oiirmers, stibsistence, seni 
sulsistence. and coimercial aijoers. 

ler'et it1ii. as above, we had to0 diet growtl. or health Illea
suireients. Thus. this part ofl the stIldy was iisef li oidll ill sllwiiig 
relationships tt't'veuieci " variales aiid schoolitiwork pat
terns. 

dt 
Schooling lata./),'(iddrc Born.f)om 1969 t) 1,91 
Schooling data colhectetd by IN( .AP from (G.iat'-ialan .Ministry of' 
Education records) wet' ax ailabl, for all children who participated 
in the loilgitiidiiial studx and who welt' loontbefore i)ecemiiber 31, 
1972. 

For these childret a couip'lete set of ps.chhological aiithropoliet

iic. fo d iitakt. aid morbidity \aria bes was potettially av.ahilale 
taild was used by Alaii Wilson in his work, reported iii Chapter 3). 
For our piirpost's here, selected variables included oidv crosssectional data at the sclnndl-enteriiig a,e seveni. 

Methodology 

l regression and logit analyses, we estimated deteriinants ot 
school enrollments correspondiig to each of the three models de-
Scribed previolisly. 

Mod'l A. School eiioleliiet-in relation to work activities, vii
lage, age, sex, fither's cupational group,* ttiiily income, mother's 
perception of the economic utility oftchildrent , tlumily size, and birth 
order-for children born lietween 1962 and S96.Two difterent sets 
of' data on work activities were used: those describing all work ac-

For a ftill discussioln of 'o.Nc' iia1tion 1 gro ipiu s, we (:hai ter 5. 

. lt'asures of itft't r 'rtt'll ot t't iii i utility oi"children wtrt ohtaino'd 
v tlmslight .ni o ifit ilaint 11ulilt' stale c istl utttii lix" . i llliitu n ali disChuss -d 
in Chaptr 6. 
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tivities on one day 1109 Files. round 3 and those dhscri)ill onlh 
paid-work activities M\er itst'veral-year perio d ill INCA Ps scil I lij'study. School cirolliient was hypthotsizd tohe dt'ternlint-d b' tih 

ork nlitpaltneed fr tit' child's %w a ittl .ttititith s ald occupaitti ll. 
.flo(l B. 'chool erollient illr lation to the child's dcxel-

Ollental llaracteristics, for childtll horn1 lt'tx('c('i IM9 and 1971.School enrollcnt was hvls)tlicsized tot dt't'rillilled \' priorhe o 
licalth aid nutritioniciasulrd I\ i'ight aOd \erIti de\elo)llit'lt atat 
age seven, as well aislb c,'o.-trrchlt 
health , and other \ariahlt's describili lillih ilelteIt" litcrac'., atnd 
fiilyV sizc. Th' ilodcel wa ils.o rW'l'atc.d cxclocliil, cdcrit li-
etai-v intake. 
MIodel (C. Explanatin.of school enl~lhl~lt h child's dexvel-

opinental charactc'ristics, partitiolntd by villaget an1d t'collolllic grolul)s
fir children horn between IW9 al It1971. 1liere we used th sait 
varialbles is in B. partitioning fiist v village and then Iy econolic 
groups. 

Findings 

Aoeh'l A. We consid'red four iltualkv exclusixt xarialvts: 

sL'hool only, work olly, school anltl 
 work. and i'ithtr school nor 

-work.* lii Fale 4-1 we se' 
tilt. IcllIs and stltndard (It'' iatiosls of* 
these variables, notillg tlat abot half'of tilt' children work and do 
Iot attend school. 

We chose tile variaible. work. as tile depClndent varialble anld exainined the ilIflIleIcc Of fil t'tillll llitC' lt';lsOllr 's Oi which chil-
dren work. 

From the rt'egrtssion a yitl\sis (Tal'l 41.-l-i th'ternlliaits of whleth.r 
a child is working hut not attelnling scllool aI)pear to )t': sex (girls 
more than boVs tend to work without att'ii(ling sch(ol), village (chil-
dren ia Village 2 are iiore inclined to work tlan thos iii the other 
villages; those in Village 4 are not likely 011h'. to work), antd the 
child's age. 112 results are low. idicltiinig that thre are other cxplul-
atory |actors to explaiin the major part of the variance besides the 
viriables included in this regression moel. 

Regressions were done also bI.,occulpation;tl grops. Ilestilts 

We woII i!...eW td prhrrl-td to p rformIloot iallSses with 'hi tir alenati%teprte
activities as utc es. Iblt tili adll ione\ '.onstraints pre\enld 1is. 

Table 4-1 le'gr'essionof W~ork/School Choices from R09 (N = 5151, All Villages 
aod Occupation, 

Work Only 

anh A s ) ('vff T-Sta t. 

School .(O.43 .2855
Work 4951 .54)5School and 1W"ork .2777 
 .448:1 

NOSciicn .51379 .3247 .1144 1.6-442PIBI 

P1.112 .XX) .00(i 64-.6,i5 - .2461
 
C0%12 
 .2350 .4244 .0117 .21 5
 
COM3 .3476 .4767 0912
-. -1.8019 
PERUTIL
IISTYPE 2 5(10 1.7537 .1217 1.74282.7320 606 
 -. (59i
SEX int 1.f = 2) 1.491:3 .5(X)1 - 1.5.320.1366"** 3.3237
 
Ytc3 
 .1049 .3li7 -. 1721- -2.41(Ai 
VA .122'3 .32S(1 -. 2.37 -3.4937 
Y65 .124:1 .3:1302 -. 1977 -2.9771
 
Y66 
 .14:17 .:3511 -. 0796 1.2584
 
Y67 .1359 .3450 1611,
-. -2.4976
 
V23 .2796 .4492 .12661 2.2991
.1961 .3974 .0442 .6720 

V4 .2175 .4129 -. 3391 .5.7,,7

FAMSZ 7.4.593 I .694 .024 
 .195, 

R 195 

" 07) (i" (WI 

Sllowed tlat wt-llI w\e control for fiiiilv ecollolnic activities, differ
ent palterns ellt'rtt' i\ li ilyccupational llecais,V group but. of 

silePt' were significailnt 
Chitvff:st, age. (andvilla. 
The SchlOOling stttl\ carried out IbV INCAP'ill 

tile silall siz., therte tiw cot'ltficients

197S gi\t's 11s tilte 
opportunitv to look at i'!iool 'lrollhent, i.t'hit'\ enlt'nt, alnd paid
work Iixti'r s('\t'ltl-vt'itr p'riod ill rt'latioi to tilt' saillt' set of eco
iloillic anditih \arit.lts its bft'lie. Thils imt' w'e brt'ak down 
itcttiitic's into sch -olly. paid-work-only. sc-lool-ald-paid-work. 
itd iltr-scllool-lor-liitidIwlrk. \\t c'ollceltratt Il s.'ol-.iily.
whiicll .a It.st'en to otcenr nearl lialf'ol tht tille. Tht ininliatioliill this llodt'l dilt'.rs from tilt' HAND data used in tIle pr'viouslv 

resvults, since it 'tt'xiils s'verl y'.l'ears offacti\ ity rather than
i iingle day and does not includeit opaid work done for t I lintily. 

http:dilt'.rs
http:Explanatin.of
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Table 4-2 presents regression coeflicients for the analysis done for 
school-only as the dichotomous dependent variable. We do not show 
here a similar regression done for work-and-school as the results 
closely parallel these results with opposite signs. Here we see 
significant tegati'e coeficients by economic g1rops (semi-
subsistence and coinmercial tarm groups), birth year (older children 
are less likely to have only attended school), and mother's expecta-
tions of child's grade attainment. Other less highly significant de-

Table 4-2 	 OLS Coefficients for Regression of Years of School Enrollment and 
Paid Work Activities of Children Born 1962-1968 (From Schooling 

Study) 

Variable 

School Only 
Paid Work Only 
School and Paid Work 
No School, No Paid Work 

PLB1 

PLB2 

COM2 

COM3 

PERUTIL 

SALALL 

ACTGY 


1lSTYPE 
SEX(m = 1, f= 2) 
Y63 
Y64 
Y65 
Y66
Y67 
Y68 

V2 
V3 
V4 
Family Size 
RWMA 

Expected Grades 
RWPA 

p t .05 p .01 
ne = not entered inequatio~a 

Mean 

.5379 

.0469 

.3646 

.0505 

.5011 

.0000 

.2202 

.3430 
2.4585 

289.09(13 
108.4152 

2.7329 
1.4910 

.1264 

.1444 

.1444 

.1841 .2202 

.185 

.1552 

.2852 

.1697 
7.3502 
.2527 

5.1480 
.2852 

...p .001 

S.D. 

.4995 

.2119 

.4822 

.2195 

.3,332 
.0001 
.4151 
.4756 

1.7721 
451.3604 
261.0222 

.6145 

.508 

.3,328 
.3521 
.352 1 
.3883 .4151 
.3853 

.3628 

.4523 
.3760 

1.7867 
.4354 

1.5095 
.5597 

School Only N 
Coeff 

-. 0739 
-50.2894 

-1937* 
-. 1515* 

-. 0122 


.0001 

-. 0001 

-. 0528 

.1090 


-. 3176** 

-. 2069* 

-. 1889 

-. 0719 


ne 

.021 

-. 1539 
-.0M34 

.1250 

.0203 
.0911 

.0647** 
.0201 

RI= .172 

= 277 
T. Stat. 

0.7103 
-. 1602 

-2.4040 
-2.0921 
-. 6933 

.7 55 
-. 4965 

-. 8858 
1.8186 

-3.0435 
-2.1027 
-19457 

-. 7840 

.3435 
-1.6973 
-1.0011 

1.3619 
1.2004 
1.2565 

2.9801 
.3457 

Determinants of Children's School Participation 

terminants are sex (girls are more likely to attend-school-only and do 
nonwork-for-pay than boys) and village (Village 2 children are un
likely to attend school). 

Table 4-3 gives comparisons of means and standard deviations for 
the same set of variables as in Table 4-2 but disaggregated by eco
nomic groups. From the breakdown of activities we seo that children 
of all groups are equally likely to go to school at some time, and that 
children of seii-subsistence and commercial thrmers are more likely 

to do paid work than are children friom other occupational groups.We see 'also a difference in mothers" perceptions of the economicutil o hi ren igher perceti a s fo he o f 
utility of children; higher Perceived utility appears for children of
 
semi-subsistence farmers,whe eduatiopal apirations are lowest for
 
subsistence farmers. Measures of econt .nic activity and affluence 
show that non-farmers and commercial fairmers earn more than tl,e
other two groups. Fainily size of no:i-tarmers is lower but literacy of 

mothers is higher. 
Regressions were also done by occupational groups separately.

Especially noticeable in this analysis was that children of subsistence 
farmers in Village 2 are most likely to do paid work. We found -also 
that mothers' educational aspirations are clearly related to atten
dance in school for children of subsistence and seni-subsistence 
farmers. Other results from these disaggregated regressions are 
harder to interpret because of the smal! sample size and the infre
quent occurrence of paid-work activities. 

From the NSF-INCAP schooling study we also examined years of 
schooling in relation to economic and family background variables. 

lfere, as expected, we found that children's birth year, village,
mother's literacy, and educational aspi'ations appeared. ,ssignificant
determinants of the length of time spent in school. 

Models B and C-School Enrollnent Models for Cohorts Born 
1969 to 1971. Recall that Modelo 1 7 .	 B related children's school par1 6 R cl h t M d l B r l t d c id e ' c ol p r
 
ticipation 	to the child's characteristics and that Model C partitioned
the groups to account for launily economic activities. Based on infor
mation collected by INCAP in the longitudinal study, we examined 
school enrollment and achievement of children born in the first two 
cohorts of the nutritional experiment. These data (for children who 
had attained the age of seven in 1978) permitted us to hypothesize 

relationships between family work, parental literacy, econ-nlic ftc
tors, child's health, size, verbal fluency, sex, birth order, age, andvillage in relation to the child's school enrollment and achievement. 

In this andysis, regrattably, we had no data on children's out-of
school activities. 
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1 - C" . -,- E- Preliminary analysis investigated relationships between clii 

F 
1 . . . . . .... . . . " size at seven years, concurrent health and diet,

family economics. Differences between villages 
and measure! 
arc apparent: 

o - Village 2, family affluence appears to have a significant positive eff 
-

i .r 
-
-r 

c-

C13 
on enrollment, while amount of ihmilv economic activity ha 
significant negative effect. In the other villages these coefficients 

- not statistically significant. Village 1 shows a positive effect 

. "In 
"=CC--- '-cx . ..-,-

home-diet protein as well as a negative effect for the proportio
older siblings in the subject's ihmnily on school enrollment. 

a stepwise regression, Table 4-4 gives results of regress 
3:ici Cq school enrollment on height, health, and family background fact( 

Here, from the series of re!ated models which involve an increas 
-2 

.. m L 
................ 

X 
C- to 

................. 
01 -

x 
- -

r , -
C1 

number of explanatory vaibewe seoweconomik factors; n]
then parental literacy, and, finally, child-dev;,pment variables 
pear to affect enrollment. These results provide strong evidem 
(controlling !Or economic factors and other characteristics ofI 

C 
• - C- X 

- , 
Z X I-in m M---

CAe. C- C-
family) that the child's health and his height and verbal developmt 
at age seven appear to affect school participation significantly. 

- ,-_Table 4-5 shows the results of regressions done by village. Six 

> 01 X. M. t". --.- -t-"Ci 7 oiCi -- . . 
C.ri-

. 

I-

I-. 
,q 

. 

- -
-. . 

Village 2 has consistently shown low school participation and l: 
involvement of children int v work force, o-r breakdown was dc 
by Village 2 compared to Villages 1,3,and 4 combined. Die 
patterns emerge to explain school enrollment. In Village 2 fan 
affluence is the only variable to show a significant positive effect 

.. 1Ischool 
;71. Uu -, - . r attendance. (This is also consistent with the results fou

when nutritional data were included.) For Villages 1, 3, and 4 pc 

*' 

"I 
+*"" ] 

-

- tive determinants of enrollment are se., (boys attend more than gir 
age, verbal scores, height, and father's literacy.* 

We now move to Model C, which takes account of the fhmil 
01 - , need for the child's work by partitioning the sanple into econoii 
a,t. . .-. . .- togoups. r. Table 4-6 gives means and standard deviations for variabused in the regressions of school enrollment, divided by fathE 

occupational groups. Here we see differences by family occupati 
in the proportion of children going to school. Non-flxrming famil 

_ 
in the longitudinal sample had to be excluded bec use of low sam]
size but, for the others, Table 4-7 (giving the results of regressio 
shows that patterns differ by level of economic activity and lai 

4 . -

-
_ 

-holdings. Again, we see that to live in Village 2 makes fox 

°G 2- 12 R 6 Logit analysis, perlbrmed for the same variables and groupings, were hi 
- '. ;-- -> - , - , ' consistent with these findings. 



Table 4-4 OLS Coefficients for Stepwise Regressions for School Enrollment (N = 184) 
(Levels of Significance in Parentheses) 

Variable Mean S.D. Step I Step 2 Step 3 Step 4 

Enroll .6467 .4793 
Sex 
Y69 
Y70 
V2 
V3 
N'4 
VGRA$ 

ORDR6 
FMSZ6 
SALALI. 
ACTGY 
PLBI 
PERUTIL 
CONSUMP 
RWMA 

PAN'PA 
RECO(;4 

.5217 

.4837 
.43-17 
.2880 
.2337 
.2120 

347.1641 

.5973 
6.9402 

196.6141 
67.1617 

.6179 
2.4022 

.0343 

.2391 

.4022 
33.7609 

.5009 
.5011 
.4r.71 
...,41 
.4243 
.4098 

623.4997 

.1576 
1.7561 

299.8552 
174.7513 

.3380 
1.7806 
.9991 
.4277 
.4917 

4.0065 

.1508"" 

.4478"* 

.3890"* 
-.2893*" 

.2038* 
-. 0163 
-. 00002 

-. 5311' 
.0155 
.0002 
.00001 
.0442 

-. 0324 
.1663"** 

(.014) 
(.000) 
(.001) 
(.001) 
(.036) 
(.857) 
(.966) 

(.026) 
(.454) 
(.147) 
(.958) 
(668) 
(.069) 
(.000) 

.1497'** 

.4527*** 

.3696*** 
-. 2780** 

.1811 
.0174 

-. 00002 

-. 5537* 
0230 

.0002 

.00002 

.0717 
-. 0342 

.1510** 
.0567 
.1438' 

(.013) 
(.000) 
(.001) 
(.002) 
(.059) 
(.847) 
(.977) 
(.019) 
(.268) 
(.103) 
(.882) 
(.487) 
(.052)* 
(.001) 
(.448) 
(.029) 

.1562"* 

.4494*** 

.3738*** 
-. 3047"** 

.1764 
-. 0012 
-. 0001 

-. 5260* 
.0212 
.0002 

-. 00001 
.0566 

-. 0344* 
.12W!i*" 
.0399 
.1450' 
.0195* 

(.009) 
(.000) 
(.001) 
(.001) 
(.062) 
(.989) 
(.817) 
(.024) 
(.299) 
(.104) 
(.974) 
(.577) 
(.047) 
(.001) 
(.588) 
(.025) 
(.011) 

.1513'* 

.4460*** 

.3718*** 
-. 3665*** 

.1112 
-. 0334 
-. 00001 

-. 4907* 
.0282 

-. 0002 
-. 0001 

.3056 
-. 0317 

.0963* 

.0388 

.1325' 
.0154" 

(.011) 
(.000) 
(.001) 
(.000) 
(.248) 
(.706) 
(.880) 

(.032) 
(.168) 
(.106) 
(.755) 
(.724) 
(.064) 
(.018) 
(.594) 
(.038) 
(.048) 

-

" 

C 
. 

R 

HTCI6 
CHltLTH6 

104.8109 
.6685 

4.3869 
.334 

.0150* 
.1728 

(.043) 

(.077) 

R= .359 R = .384 R 2 =.407 R= 431 

p - .05 ** p .01 ** !r MI00 

Table 4-5 OLS Coefficients for Regression of School Enrollment with Village 2 and Vilages 1, 3, and 4 

Village 2 (N = 53) Villages 1,3. 4 (N = 131) E 

Variable Mean S. D. Coeff. 
Level of 
Signif. Mfean S.D Coeff 

Level of 
Signif. 

ENROLL 
SEX 
Y69 
Y70 

RWMA 
R\VPA 

VGRA$ 
ORDR6 
FMSZ6 
SALALL 
ACTGY 
PLBI 
PERUTIL 
HTC16 
CHHLTIt 6 
RECOG4 
CONSUMP 

.3396 

.5660 

.4906 

.4151 

.2075 

.3396 
541.3140 

.6136 
7.0377 

246.7358 
52.4981 

.6409 
3.0566 

106.3189 
.6052 

34.2830 
-. 2025 

.4781 
.5004 
.5047 
.4975 
.4094 
.4781 

990.9916 
.1627 

1.7316 
326.7757 
176.3489 

.3246 
1.4730 
4.0927 

.3567 
3.5701 
1.0398 

-

.1107 

.4681 

.2515 

.2248 

.2164 
-. (Y)01 
-. 6454 

.0209 
-. 00(X)4 
-. 0007 
-. 2990 

.0007 
-. 0078 

.2025 

.004 

.1730* 

-

(.412) 
(.068) 
(.3,30) 
(.195) 
(.151) 
(.933) 
(.161) 
(.650) 
(.848) 
(.082) 
(.264) 
(.990) 
(.6,34) 
(.321) 
(.985) 
(.041) 

.7710 

.5038 

.4809 

.4427 

.2519 

.4275 
268.6149 

.5907 
6.9008 

176.3359 
73.0985 

.6086 
2.1374 

104.2008 
.6941 

33.5496 
.1301 

.4218 

.5019 

.5016 

.4986 

.4358 

.4966 
364.4617 

.1556 
1.7709 

287.0863 
174.4287 

.3441 
1.8304 
4.3691 

.3066 
4.1 43 
..9698 

-

.1835"* 

.4648*** 

.4292** 

.0435 

.1590" 

.0W01 
-. 3280 

.0351 

.0001 
.0002 
.1523 

-. 0315 
.0255** 
.0435 
.0167' 

-. 0062 

-

(.005) 
(.(0)00 
(.001) 
(.610) 
(.035) 
(.585) 
(.232) 
(.136) 
(.264) 
(.238) 
(.180) 
(.086) 
(.002) 
(.706) 
(.049) 
(.88o) 

. 
( 

. 

.: 

" 

R2 = .493 RI = .360 

*p - .05 **p .01 ***p 001 



Table 4-6 	 Comparisons of Means and Standard Deviations of Variables Used in Regressions of Children's School Enrollment on Size, 
Health, and Family Economic Variables (Children Born 1969-1971) 

Non.Faroers Subsistence Farner Semi-Subsistence Con nwrcial
(N = 12) (N = 65) 	 (N = 47) (N =65) 

1,ariabl Mean S.D. Mea n S.D. i,',1i S.D. Mean S.D. 

ENROLL .8333 .3892 .5385 .5024 .6596 .4790 .7231 .4510 
SEX .33n3 .492.1 .5385 .5024 .5745 .4998 .5231 .5034 
Y69 .5000 .5224 .4308 .4990 .5745 .4998 .4615 .5024 
Y70 .25001 .4523 .4923 .5038 .3404 .4790 .4615 .5024 
V2 .1667 .3892 .2462 .4341 .3191 .4712 .3385 .4769 
V3 .2500 .4523 .18-t6 .3910 .0851 .2821 .3846 .4903 
V4 .1667 .3892 .35,38 .4819 .2128 .4137 .0769 .2685 
RWMA .6667 .4924 .1692 .3779 .2766 .4522 .2462 .4341 
I\VPA .5833 .5149 .2308 .4246 .4468 .5025 .11131 .5034 
\'(;II-$ 208.9806 229.5051 91.46,31 75.3192 196.5499 113.1571 7462240 916.8300 
OHI)I(6 .7017 .1563 .580 .1476 .5808 	 .6120 .1503 .1706 


ISZO 6.58:33 1.371 6.8308 
 1.6160 6.8723 1.9849 7.1231 1.7545 . 
SAIA\LI, 603.8333 507.0945 196.0769 299.1494 176.5176142.8085 	 213.3692 348.3545 c 
ACT(;Y 55.2(XX) 172.0033 53.7846 157.4257 62.6723 183.2678 80.8354 182.3494 
PL .606M .4482 .9608 .1519 1.0W) 0 .5894 .2949 Z 
PERUTII. 1.75M0 1.76-15 2.1077 1.8.166 2.9149 1.5719 2.4154 1.7931 . 
IITCI6 106.4417 3.4516 104.1092 4.8542 104.9362 4.4806 105.2877 3.8158 
CIIIILTI16 .5903 .3292 .3321.6652 .6622 .3095 .6792 .3334 
NAMIN(;4 23.75M() 3.8168 19.5538 5.0468 22.7447 4.4841 21.0308 4.0349 
RECO(;4 35.75W0 32.61543.0188 	 4.2489 34.1872 3.9379 34.1308 3.66,56 EL 
CONSL'\1 .9338 	 -. 2221.9088 	 .9392 -. 0150 .9772 .2,394 .9913 : 

Table 4-7 	 OLS Coefficients for Regression of Children's School Enrollment on Family Economic and Background Variable and Size and 
Health hw Family Occupation (Cohorts Born 1969-1971) 

Subsistenre Farmers Scmi-SusiSencr Farmer.% 	 CoomnrrcialFarowrs 

I..t'l of 1.4t el of tA'rel of 
Variahl Coff Signif. Coff. Sigilif Coef' Sign/. 

SEX .1861 (.180 .3482** (.010 .1879 (.129) "
 
Y69 .4447 ((063) .151 (.455) .7118"* (0()1)
 
Y70 .36.59 (.1201) .1273 .582) .6152' (.005)
NV2 -. 4043 .17)-.2714 	 (. 118) -. 3719" (.0)33) 

V3 .2271 (.313) 1.I(X)3** (.003 -. 108.1 (.544) ,
V4 .1233 (.487) -. 1977 (.237) .1672 (.794)
l(\VIA -. 1189 (.503) .1380 (.318) .(X)57 (.964) 
It\WPA .1328 (.416) .1499 (.242) .1498 (.196) 2 
VGIA$ .0(11 (.559) .0(K1 (.831) -. (XO4 (.417) * : 
OR1)6 -. 1215 (.821) - 1.3199* (.X)9) -. 5306 (.279) . 
FNISZ6 .03-17 (.46,3) .0537 (.151) .0441 (.299) 
SALALI .XXI3 (.198) -. (XX (.849) (M01 (.475)
ACTY .(XX)I (.881) -. 00113 -. 0004(.429) (.191)
P111l -. 5468 (.20) not entered -. 2426 (.291) 
PEIIUTIl -. 0560 (.09) -. 0045 (.922 .01112 (.766) 
HTCI6 .0813 (.561) .0287* (.050) .0065 (.717)
CH I LTIt6 .2031 (.306) -. 1774 (.373) .210(0 (.236) 
IIECOC4 .0109 (.501) .0401 (.026) .0243 j.149)
CONSUNMIP .0943 (.355) .2391* (.013) .0323 (.638) 

R = .497 R = .741 	 R2 = .482 
p -- .05 **p .01 ** <.001 
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significant negative influence on school enrollment, but Village 4 0 4 'r 0 I C . E 0 , C -
prodluces it positive influence. Among semni-sblsistevee I'r t. 
child with fe.wer older siblings is iiiore likely to 'goto sclxl, is is tile 
taller, more verbal child. More affltience in fthmilies also tends tohave an increased positive effect on school enrollnent. 

'' 

".. 

I " 

- Lu C""I. 1 

A limmal tab~le, 4-8, show.s time results of' regressing schll -achievement measures on the same set ofv'ariables as before. School 
aehievementt was measured in ternis oftsclhool promotionl rates, and 
scores in language and mathematics (as assigned by teach,.rs at the 
end of the school year). Few signilicant explainers appear here. 
Factors that explained participation in school did not appear to (I-
teriline school Ilri,-nance on(ce the child was in attendance. Ver-

I 
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C Cqo'C4 
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hal development ;done appears to he of positive significance in de
termining achievement. These results are consistent

"Lobtained by Alan Wilson in Chapter 3 of this book. 
with those 

I, C) . C)L4 t - in C 
C

4 Cijin -r.-,4 ei " .- " " 6 I "" -'; e 

Summary of Results z 

In this chapter we have examilned deternminats of'school participa
tion of children in lomr rural v'illages in Guatemala. There, as in 
many other rural communities in the world, the child's school par

7 . -

ticipation appears to be .dlected bVy parents need for their children's -

help, by parents' perception of' tilet value of* school ing, and by thlechild's apparent competence. \\(- have seen iii this analysis that, iun 
U 
S 

I 
" I 

4 

one village where work is readily aVailable and where parents" edu
cational background is relatively low. school participation is afh'ctedpositively by tamily affluence but not by apparet' difkrences ill the 5 

- X C1 , , n LI 
F.

03 

child's height, health, or verba, proficiency. Il the othmer villages, 
where parents have had relatively mort,t'Itcation and work is not soreadily available fir children, the fhctors of height and verbal per-
formance at age seven are positively and highly significantly re-

lated to school enrollhnent. 
r. . .. 

-

-

-
".. . .. 

t- 2 t 
Cq--

S". .. . .......... ... -- C-e 1,-

When family economic groufps were separated, it is seent that 'or 
Ci -

children of semni-su'-sistence fiarming families, decisions on enroll
ment ap)ear to be positively determined by affluence of parents,
size of'child, and by the child's position in tile fily-childrei born V, 

earlier in the fitmily order are more likely to attend school than those 
with older siblings. 

We find difierences in school )articipation by sex: schooling fior 
girls is less f'requent than for lboys, aad girls' work in the honsehold 
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apparently is more valued. The perceived value of literacy for girls 
apparently is lower than for boys. I 

These findings, coming friom the longitudinal nutritional experi-
ment, ma1ke it possi)le to separate nutrition, health, and devel-
opmnental characteristics of the child from the fhmily's economic 

background. Here, when economic 
and family background ftoctors 

are kept constant, size and health of children act as independent, 

positive determinants of children's school attendance and perfOr-

mance. These results should have significance for policy planning 

purposes. 
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Detenninants "IfChildren's School Participation 

Glossary of Variables Used in Chapter 4 

ACTGY Gross fiomincome nonagricultural activities 
(excluding wages) 

CHHLTH6 Child's health (proportion of days' healthy) at 
78 months 

COM2 Semi-subsistence ftarmer 
COM3 Commercial farmer 
CONSUMP House possessions and salhry, a factor score 
EDASP Mother's educational aspirations for child 

ENROLL School enrollment, no = 0, yes = 1 
FAMSZ Family size 
FMSZF Family size at child's sixth year11STIYPE House type 
I ITCI6 Height in centimeters at 72 months
0111)116 Proportion of' older siblings at 72 months 

PER UTIL Perceived economic utility of children 
PLBI Percent lamily labor used 
PLB2 Percent tmnily labor used standardized by

value of land planted
RECOG4 Recognition, psychometric test, age 72 months 

IIWMA, RWPA Mother's and father's literacy (0,1) respectively 
SALALL Total wage income accruing to household 

2\3,'4ilae2,,an4 

SEX Fenale = 0, male = 1, unless otherwise 
specified 

V2, \3, V4 Villaes 2,3,and 4 

Gross v'alue of agricultural productionY69, Yrth yea
Y69, Y70 Birth year 



Chapter 5 

EDUCATION AND 
AGRICULTURAL EFFICIENCY* 

bt Maria E. Freirc 

A recurrelt tlleme of this 1)ook has been tile ml iltiple relations thatexist betweer, education, nutrition, and various socioeconomic filctors. From a methodological viewpoint, and to introduce thissection, we can visualize this set of relations as part of a largethree-phase loop depicting (1) how children's nutritional tatus isdetermined by a variety o'soeioclonomie |ictors and environmental 
conditions; (2) how children's nutrition idfects school perfoirmance;and (3) how the ef ets of' school performance can he projected intothe fiuture. The rationale of (3) is that more schooling for t(lay'schildren will enhance their ability to become better fitriners, earnhigher incomes, and, consequently, give their own children betternutrition and more education.

Chapters 3 and 4 addressed the first two phases of' this loop bystuding what determines nutritional and educational status of'(atemahla children. This section takes ulp the third phase. As-Smiing that what is found true tr today's filntrers will remain validtor the next generation (when the children studied in earlier sectionsbecome adult firiners), we will examine whether more education for 

Illis clapttl is it selective summa ofIrtiri, "Asstssingt lie , findings presented elsewhere: Set- .%.Hole of Education in Horal (;uatcniala The(i%,Elicite.y" (Unpulblislb Thc uf*Farind dot'torid dissertat ion, Department of Economics,sit% of Cidilfni ia-Berkcly, 1979). 1 would Univer
like to thank Drs. Lwrence lm andl)ean Jamison fbr making available to me some work not et pub lished. See: I).T.Jaullison aid L.J. Liu, FIaniwr Education atul Faniwr Efficuect (lueikersity Press. Baltimore). fio-t1 coming 

ohns Hopldns
and Ml. Lockced, 1). Jamison. and L.J.Liii. Farmer Educatio, and Farmer Efficiency: A Sorve., in Timothy King (ed.),Edication and Inome (Washington, D.C.: The World Biank, 1980). 
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some present farmers has any influence on the ability to extract the 
maxinnn income from their physical and human endowments, 

Framework of the Analysis 

The rationale for assuming that schooling -affects economic perfor-
mance is that education is a vehicle for helping the farmer (or 
farm-manager) to gather and use the information he needs to make 
decisions, and to organize production both in everyday matters and 
at critical times-for example, when deciding to plant new crops or 
introduce new production techniques. Thus, for farmers who pursue
the same goals-maximization of' profits, maximization of food pro-
duction for house consumption, etc.-one expects that those with 
more education are also those who are more successful in managing 
factors of production to attain those goals. 

To test whether this argument holds among our Guatemalan 
farmers (described in Appendix 5-1-and, more generally, in Chap-
ter 2-for the whole sample, and by villages) calls for some prelimi-
nary analysis with respect to three necessary assumptions: (1)
farmers have the same objectives, regardless of educational level,
wealth, or age; (2) farmers can choose among crops, factors of pro-
duction, input combinations, and so on, depending on their informna-
tion and judgment on the best way to achieve goals: and (3) farmers' 
decisions are not limited by socioeconomic factors that are related to 
the level of education of the fitrmer. If these three conditions are 
present for our Guatemalan farmers, we shall be able to amalyze the
eflects of education on efficiency. Let us expand on this topic
further. 

First, farmers may have different production objectives. For 
example, large farmers operating for the market are more likely to 
aim at maximizing profits than are small farmers, producing mainly
for household consumption, who try instead to maximize farin pro-
duction. Farmers who have easy contact with labor and commodity 
markets may allocate labor resources to work-for-wages if this leads 
to greater household income; ihose with less market knowledge,
however, may use relatively more of their own labor for home 
farming inthe fear that otherwise home consumption needs will le 
unsatisfied. 

Second, our testing will be validated only if the existing environ-
ment permits farmers to choose among alternative options oftcultiva-

Education and Agricultural Efficiency 

tion or labor allocation. It may happen, however, as emphasized by
several authors (see, for example, Reynolds, 1975), that a long and 

historical experience has led to traditional processes _"-vation 
from which people have learned how to produce as much as possible 
from limited resources-thus reducing the variation of production 
processes to insignificant levels. Such farmers have little room to
make different choices or use a variety of managerial skills. 

Fortunately for this analysis, our villages are not typical of the 
completely traditional and secular peasant society. In fact, while 
many farmers in the study villages continue to grow traditional food 
staples (corn and beans) without chemical fertilizers, many others 
have introduced cash crops (tomato, chili, and nwicillo-sorghLum) 
to sell in the market, and do use cash inputs to grow both food and 
cash crops. Moreover, we have detected substantial differences 
among farmers regarding input combinations, such as the amount of 
labor used per acre of land planted, or the amount of cash inputs per
man-day. Our sample pertains, therefore, to the group of' villagers
for which cross-sectional analyses have successfully shown the pos
itive eflect of education on fanners' managerial skills (see M. Lock
eed, J. Jamison, amnd L. Lau, 1980)-examples which demonstrate 
how change and the eflect of education are breaking into secular and 
traditional processes, allowing for more favorable attitudes among
literate people toward innovation, as stressed by Schultz (1975). In 
environments subject to change, people certainly react in diflerent 
ways, depending on their knowledge of new processes and capacity
to acquire such knowledge. Educated farmers, to whom school has 
provided contact with new ideas, more likely to accept changeare 
than less-educated peers. The effects of education on farmers' man
agerial skills, therefore, are identified more easily in environments 
where change is curring. 

Last, even if the development stage of the study villages does 
allow for choosing among several alternatives, other factors could act 
to limit choice, and thus flaw our results. For example, less
educated farmers may operate with smaller units because of having 
come from poorer families (in itself a possible indication of low edu
cational level and small plots) or because of credit restraints (associ
ated with those minimnal landholdings) which limit the possibility of 
renting more land. 

In short, the effect of'farmers' education on their ability to achieve 
the most from their factors of production can be tested when the 
farmers studied pursue the same objectives and eace the same type 
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of socioeconoiiic constraints: otherwise, results will reflect differ-
ences inobjectives and constraints rather than diflerences in ediica-

tional level. These limitations, to be borne in mind throughouit this 

analysis, explain hI we do a preliminary analysis oftour data betbre 

presenting the results of econometric testing. 
This chapter has three parts. Part I presents the data and 	sketches 


ar.e met,
a preliminary analysis to set- if conditions discussed above 

or whether farmers should be aggregated into imore homogeneous 
groups for which the assumption of coinmon objectives and constraiito tleiiW~ll~lliehld.Par II ntrducs or rtioale2.iklvstraints then would be likely toJhold. P'art 11 introduces our-rationale 

l'or aggregating subjects into three major groups according to market 
participation and size of landholdings. Part Ill presents the testing 
procedure, defines the concept of' frining eflici'i.c., and discusses 
the results. Technical notes are provided in Appendix 5-2. addiig 

some details which were left out of* the main text lor the sake of 

Simplification.
li is carried out o su 

Our amialysis isarid t the a iition that itrcy i-epre-
sents the best eduicatioial variable for the sample. The fifct that, on 

the average, farmiers inthe study show less than one year's schooling 
(and that 65 percent are illiterate) leads us to aiother assumption. If 
education explains dif erences in managerial efficiency betweeni lit-
crate and illiterate f~armers, We then need 110 fl-rthler disaggregatioll 

of data on literate ftriners (that is, by ,,ears of schooling). The omiginal 

study, of, which this is blt an extract, included such fiirtlier dis-

aggregation, buit the quality of results was not improved enough to 
justi giving ti the siplicit ofdividing the sample into only theseojetives.
tti) gili: pterhte silittte fdiihit 	 lhs5. 
two groups: literate and illiterate tiu'ers. 


Part 1: Data and Preliminaiy Analysis 

The analysis foucuses ol 510 fimily firmiers in the four villages for 

which fiurn-mnanagemment data were available. Data collected I the 

HAND-Rlockefeller Guateimala Project in 1975 coitaii cross-sectional 

Nuf'ormation for farming activities carried out during one v'ear: 1974. 

Data collection was umade at t single point in time (relying oii the 

recollection of'furmers answering the questionnaire) and ('hecked by 
a second interview some time later. 

The information is fairlv complete. l)ata exist on ftuum production, 

both consumed and soll; cost of'cash inputs and hired labor; size and 

value of' area 1planted; fa.mily and hired labor (in man-days)-all of' 
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them disaggregated at the crop level. Information also includes ftan

ily labor working for wages outside the ftunily unit, average wage 

paid to hired labor, and earnings from working ftor wages. 

This preliminary analysis starts with the fbllowing assumptions: 

1. All ftriners seek to maximize household net income (which 
implies maximizing Ltim profits and income for wages-see 
Technical AppendCx); or to aximize household od produc

tion.
 

Farmers have a common production finctiom: that is, the sm rdcintcnqe r vitl oaltumrs
 
samle production techniques are available to all Earimiers. So 
that the same f'tCtor combinations yield the same output per 

unit of' factor used. 
3. Markets ( goodsIr and labor sei'ice5) are competitive, al-
3.Mlowingriers to hire and sell labor services. use chemical 

I'tilizers and cash inputs, and plant any Mix 0f crops, ac
fertlzr n ahiptadpataymxo'cos 	 ' 

cording to personal goals and inanagement skills. Manage
iment skills can be measured in terms of* how close firimers" 
taetor eoml)inations are to those Optimal combinations de

rived froin standard economic conditions. 
4. urid (measured inequivalet cuality anits) isth only fixed 

luat
cinmxmzto run: meansnopoi-e-adit)roductionfctor in the short etasaethis that profit or M , 

nixiiizatioii ran be translated into nrofit-r-lan sd-unit or 

are variable factors where their level ischosen in satch in wa 

i't vaib le f r er teivesc 

Education (literacy) dlects management abiility in the sense 
that literate fIu'mers are more able to choose that combination 

of inputs (labor, land, and cash inputs, or labor-land, and 

cash-inputs-land) and outputs (crops) that imaximize their ob

jective. 

Using assumptions 2 and 4 (a conion production fnction and 

land fixed inthe short rui) we try to gain some insights on whether 

farmers have the same goals (assumption 1); whether markets are 

conpetitive, or whether fIurmers with ditrent education face differ
eit market constraints (assumption 2); and whether education ;d

f'ects management-ability/iurm-efticiency (assumption 5). For the 

moment, we use profit-per-land-unit and yield-value-per-land unit 

as an index of' efficiency, assuming that ,hen land is fixed, fiurmners 

try to maaximize the results obtained per unit of' laud cultivated. 

A simple way to proceed is to analyze whether the two groups of 
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ftarmers of'our samnple obtain diflrent levels of'profit (or production) 
per unit of lind; if so, we will try to see whether this is so because of 
differences iin input combinations, or whether the diflerences prevail 

even when both groups ise the same coil]bination of' production 

fhctors. Table 5-1 presents some descriptive statistics. 


The above figures present somie Consistent diflerenlces betweell 

literate and illiterate fiarmners. On the average, literate airmers have 

access to tore land, both il sizt and ill Itialit, units. Leels of 

agric tiittral production, fitrmI profit, anid hon seho.ld intome of liter-


ate firers stilpaSS those of illiterate ftrmners; literate timers Ise 

sliglhtly mnore 
 labor antd almost twice its much inputs. In ternus of 

land productivity andi ipiut coml)inations the literate grolip obtains 

higher yields per land unit, higher profits ,)erland init, and higher 

yield per mall-dlay; fictor combinations for literate tarillers show 

greater intensity of eash itpots anc less use ofti'aor--per-lantd-unit. 

The nutottmt of caLsht-imtpimts lr maid, is still higher,
Iiter antne rof- ca,i lito t)tain /i'll lt shirt,'t, lsier s l l ad ll ort 

literatesetoobtain l ts. Id tantd t pro-

ductiviti, 
 its well as lIiglw. profits perl land unit, us'it rclatirely
more calsh inputs tnd fwcer lahor services than their illiterate 

neighi)rs (that is, literat firtl'llers sml stittmte casl inputs tfor lialbo. 


Are we able to conclude liom 
 this that one grollp of aillt'ers has a 

managerial edge over another l)ecaltse of' literaey? There are two 

possible answers to this question. The first is ti.s: Educated litrmers 
have better informatio n ol fitctor prices andl can, tbterel6,re, artiltg

their ftactor coml)itatiots inl order to mnaimize profits per uttit of 

land. Moreover, literate fitriners iay be using a better inix of out-
puts, for their advantage it pruilu per land greaterptitet titit is eveit 
than that with respect to projits per land tit. The second answer is 

no: Educated fiu'mners art Itt better Illartagel-s, tlev simply are ableto l)orow nire intte' bt'am se, the\ at, literate aitd becustl~ttheyLaborOWn mt-e land.Illlloie ae the art , sther othe hand tisti-
mrtst 

ttte labor f r cast. Ifere., it is diflicult to itake ctntparisom's of tlte 
efliciency of the two groulps, as thtev lice difIrett relatie, prices fr 
their inputs. 

What about objectives? Can we inthr iroin the ai)tuve val es that
bti groups share tle saute production goals? Not with the above 
vadues. I lowever, using tte estimnates loir a Cobb.Doglas rtluic
tion nliction (wlicl we will describe ili Part 1I), we fittd that illiter
ate fi rmers have a labor marginal prodctivitv rate tltat is lower than 
tile market wage-rate and lower, as well, than the earnings that they
wotld obtain fi'om working for wages. This can be used to advance 

Table 5-1 Descriptive Statistics (mean values) 
Illiterate Literate Ratio oJ 
Farmers Farmers .Means 

(1) i2) (2)/i1) 

Income, Production and Profit: 
Total Income 504.5 775.1 1.51 
Farm Income 290.5 449.9 1.55 
Agriculture Production: 261.5 407.3 1.56 

Cash CropsFood Crops 
Profit 

(89.3)
(172.2) 
223.7 

(195.8) 
(211.1) 
312.0 

(2.15 
(1.22)
1.39 

Factorsof Production 
Land Size (cuerda) 78.3 82.8 1.06 
Land Value 69.1 93.3 1.35 
Labor (man-day): 238.9 253.3 1.06 

Family Labor 
Hired Labor 

Cash Inputs 
Indices of Efficiency and 

(199.8) 
39.1) 
17.6 

82.0) 
31.9 

2.10 
2.10 
1.81 

FactorCombinations: 
ProductiorLand Value 3.77 4.50 1.19 
Profit/Land Value 2.89 3.14 1.09 
Production/Labor 1.10 1.81 1.65 
Labor/Land Value 4.14 3.60 .87 

Inputs/Land ValueCashCash Inputs/Labor .23.07 .33.11 1.451.57 
Others: 

Wages Paid .83 .83 1.00 
Wages Earned 1.55 2.65 1.71 
Family Work for WVages 113.20 104.30 .92 

(man-days) 

%Family Libor to Total Farm 

% Hired Labor to Total Farm Labor 
Wage Income 
% Wage Income to Total Income 

84% 
16% 

182.9 
36% 

68% 
32% 

244.0 
30% 

.81 
2.00 
1.33 
.83 

Income Per Capita 88.1 150.4 1.70 
Number of Cases 323 187 

Cuerda .44 hectare. 
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the hyp)othesis that illiterate firmers, on the average having less 
access to land, are more concerned with providing household needs 
than with maximizing net monetary income. Ilere one is unable to 
use the above observations to conclude as to whether or not literate 
farmers are better managers than illiterate firlners, for objectives 
can be diflrent: literate farmers trying to maximize profits and net 
farm income; illiterate farmers seeking to maximize fbod-crop pro-
duction for household consumption. 

However, on the average, literate fariners have larger landhold-
ings and attain higher levels of farm produetion, which means that 
the possible diflerences in objectives between literate and illiterate 
farmers may be due, not to the filct that one group is more educated 
than the other, but to the filct that educated farmers also tend to be 
larger finners. Large farmers may be able to be profit maximizers 
while small ftrmners are foxl production nixximizers. Small farmers, 
concerned with providing for basic home fool ne,'ds, may be loath 
to enter the labor market or to shift toward more profitable cash 
crops. Certain soc'ial and envirommental circumnistances can also ex-
plain the reluctance of' siall tiarmeis to sell labor services into local 
labor markets, wage labor being traditioallv more acceptable lior 
landless household members. 

Testing for the significance of literacy vis-a-vis managerial capa-
bility requires that we classify' farmers according to goals which will 
then pennit us to find out whether literacy does explain managerial
differences within each group. The classification of' farmers accord-
ing to hypothetical goals is the subject of Part 1 (based on the 
analyses of Fisk, 1964, 1977; Nakajima, 1.969; and A. K. Sen, 1966) 
and provides the rationale fot grouping our Guatemalan ftrili-

managers into three major groups. 


Part H: Grouping Farmers according to Market 
Integration 

Fisk and Nakajimna describe development in rural subsistence 
economies as at process that develops over time, as people conie to 
have progressive contact with th- market; this, in turn, stimulates 
specialization and increases tihe value ofeash income with respect to
income-in-kind-iostly production of consumption fbod staples. 
The Fisk-Nakajin-a framework applies when there are no constraints 
on land and when cultural values are most iinportant in explaining 

Education and Agricultural Elficiency 

participation in labor and commodity markets. This is not true fbr 
our sample, we find land constraints are among the most significant 
determinants of scale of operations. These aulthors, however, oiler 
rich material describing behavioral ditflerences amnlig tarmners, 
which we will use here, considering that landholding size, rather 
than cultuad differences, is tile basis oftdiflerences in fatner behavior. 

According to the Nakajimna-Fisk (NF) model, sulbsistence 
economics develop througli three phases. In the first "'subsistence
unit" phase, firmers lacking contact with money markets produce 
staple goods for home consumption nl'. Allocation oftworking time 
and production depends o the fminer's preferences :is to in
come and leisure, and oil constraints of fixed resources (labor omlv. 
in NF model). In the second phase, "'subsistence with colnlilenilelm
tary cash income," tihmers have some contact with the market and 
begin to \alue milione" income. Production begins to exceed iniiedi
ate coisminiption needs, amd production sulrplus is sold fir specific
cash income. Participation in tle labor imarket often provides a way 
to carli additional nionev income, but home food mustproduction 
be assured befbre labor will be allocated to aliv other ilicoine
earning activity. 'I'lie last phase, "'market integration withi subsidiary 
food production," corresponds to a certain degree of minarket spe
cialization. Farmers in this group allocate resources chiefly to mar
keted products, but may continue to produce food staples if this is 
seen as efficient. Participation in the labor market (buying and sell
ing labor services) \kill vary according to fariners" criteria of effi
ciency rather than to any preference for production-iiicomne versus 
illoney-illcollie. Il this phase, firimers value momnetary income per se 
anud are indifferent with respect to its source. 

In our study, land and associated risk-attitudes, together with 
social values, dteterimine the transition between phases of the NF 
model. 'We classified farmers into three categories accom ding to the 
degree of market i:itegration: subsistence, semni-subsistence, andcommercial. ohbsistc'Iarmnr-s grow food for household consumrp
tiol only and sell no -'rops. Income levels are low and constrained by 
size of landholdings: often these !amriers sell labor servi es to coinplement their agricultural income. "emi-subsistellc.fri.olr rs grow 
lod crops only, but they obtain a certain surplus which is sold in the 
market. Comg'rcial/i:,-sgrow and sell both tbod and cash crops. 
The average landlioldings ofeach group are: ftor suibsisteince fitrlners,
between 39 and 48 units of qualit' iand, foir semii-subsistence 
Cariners, hetwveen 66 and 86 units; anl for commercial farmers, be
tween 126 and 165 land unrits. 
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in 

We can now 
order to see 

undertake analysis of each of these three groups, 
whether, within each group. literate ftarmers still 

- ,_._,_.. 

behave differently from illiterate ones, or whether disaggregation of 
the sample into these three groups wiped out most previously de
tected ditlerences. Table 5-2 shows relevant production indices for 

- -
each group. 

The vallues given in Table 5-2 show that l)rtxious comments on
the diflereices between literate and illiterate itrners in organizing 
prodtuction do not hold equally for t.lch grom), as now defined ac-
cording to market integration aud landholdings. Table 5-1. t1r 

--

-

r 

I- X 

,. 

example, indicated that literate fiu'tnrs achieved higher levels of' 
yield and profit per land-unit, used higher cash inputs per land, and 
lower labor-land comobinations. Now, the advantage of literate
farmers in obtaining higher production and profit per land is seen---
here for only two of the groups: semi-subsistence and commercial 
tiarmers. Regardless of literacy status, subsistence Iarmers attaii at)
proximately the same level of profit and yield, 
amount of cash inputs per land. 

and use the same-

The second characteristic previously det,''ted for literate 
tirmers-substitttion of cash inputs for la)or-remains true for the
three groups. Literacy continues, thereiore, to he associated with 
use of cash-input-intensive combinations, whether due to manage-

I 

__ .
- " - -ment skills or to varying access to credit. This last Etutor is likely tobe less important since landholding size is now partially controlled -

by having the thriners classified according to scale of operations. 
- ' Three additional remarks are worth making. First, literate ftrimers 

in subsistence groups obtain the saint le, el of land prod||ctivitv as
illiterate farmers, using, however. 28 percent less labor per land unit 
but 80 percent more ofcash inputs ple man-day'. If one a.SSliLnes that 

-= 

both illiterate and literate tirmers are equally etlicient ill miiiLXilimizing 
. . 

profits, this means that either the relative price of cash iliputs withrespect to labor is 80 percent higher fiw illiterate fiirmimers thaii for 
literate I'ariers, or that etucated labor is 0 percent more eticient 

.- -

-

(see Technical Appendix for (etails). 
The second ol)seratiin concerns the use of laud-labor coiimbinla

tions aiong literate and illitcr::,e triru ers in both the stini
subsistence and commercial group-. As the Technical Appendix
shows in Note 3, this corresponds to profit-maximizing behavior, 
sulpporting the assumption that both groups operate tinder profit
nmximization objectives. And last, any advantage literate fiiie's 
have in profit and yield per land (due to more intensive use of'cash 

-_. 
- - --- - 
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inpuits) is relativelv higher airong sel)i-sil ]sisteiice than ainonig
 
coin)nercia] 
lai ners. \Vithin tile latter grouip literate farinrers use 4S
 
percent inore iuiputs (per land unit) to obtain :32 percent inore viell 
 Part II: Literacy and Farm ETviency 
(per laad tiiiit); fr the f'ornier group, the correspoding \,alles are 21 
percent and 30 percent. Tile joint elect of literacy-cash inputs emphasized iy Lai and Yotopoulos 0s(1971, 1973), efficiency can 
seuIis. t}n refoi'e, to decrease with d(lee of conliniercialiiatiol be defined froin various perspectives, two of which are noted here: 

In short, by disaggregating our sanple accordiing to market inte- technical and price (or alocative) efficiency. The first says that a
ratioi \%ecailne to the following 'olit'lsioiS: trmer is technically efficicat whenever (fr a certain anount of 

production tIlctors) lie 	achieves the maximumt possible anou nt of(it) 	 Literate fitln)rs colsistentlV use Illore cash-iniput-intetlsive output. Thus ftrnera wvill be iiore efficient (in tecinical terms) thancoil iiations than illiterate titruIirs, 1 gardlss of market ini- farner b if' )br the same production factors, ftriner a obtains higherg o ouput than does ;triner b. On the other hand, one says that a farmer(b) 	 Literate laiCiers tend to substitite cash ilipuits rtr lal -or,espe- is price efficient if his input comibinations are chosen so is to yieldciallv among stifsistence finriers n110w attaii tile Sallie land the maximtun profit, that is, if tile chosen level of each production
l)roducti\ity as illiter:,te ariliers with iiuch less jlaor per flctor is such that its marginal product equals its market price.land. This opens the possibility that, heaving aside difre ncts 	 To illustrate these concepts, assume a fixed fbrm of productionill relative prices (ol:ishIiin pits wit!) respeet to price of labr., fiiuction as
and holding evervthiii else. constant, edlucated ttrlers attain Y = F(L.T.I) (5.1)
iigher le\els of labor prdlictivity.

(c) 	 Seni-subsistence and con inercial hmi l'ers operate with tile where Y is output, and L, 1, and T, are lalor, cash inputs, and land,saint- lalor-laid ratio, supl)orting the Ikpotliesis that their respectively. Let us now consider a set of K production functions 
shared goal is profit taxinization, differing only by it scale factor, Aj, \itli i 1 ... K,(d) 	 intensity of cash inputs increases with (elgree of'_oiiintrctiali
zation: the joiu~t ell't of, education alid cash ilplts 
 Y'ts,= A, I'(L, ', 1Ilwever, tim(le<_lie with c'ollnilerciafi/atioll. (5.2) 
econclde thotdlisage tiCofller a eri to market One says that fatrmer i is technically more efficient than fiarmerj, if 

integration is ilsefill to>our ani~ufysis in' 
their production finctions differ only by the scale pariameter 'A', and11Cri ieltittaimoinegrion itf<.'rs tlilt'rt,I'tft .e ml illitrae tification ofinaiiagerial let'sbetween literate and illiterate riiers. di 	
Ai is greater than Aj. That is, with the saine production factors,farnier i attains more output than fir.rmerj by a fctor A /.j. Testingf'erences which otherwise iliht be cointiIinded with tht. ililluelce if tr the hypothesis that literate tu'niers are technically more efficientdiflei'Cit 10)jectivVs, Or difeIreiices in size motlfadholdilis. ( )r next than illiterate iu'incrs amtounts, therefore, to testing f'or 	whetherecon tith techniquestask is to se i o, itri, to Confirin or hem solne Irt'-	 AiLj is greater than 1, i and denoting literate and illiterate

limiinarv hylpotlleses: D)o literate Elillers Ihai an edge ii reaching farmers, respectively.higfher levels of firolictim tlhuglh the sallivnaiti irs oftp),'dictionuY For a production f'iiction such as in Equation (5.1). we say thatAre fiterate faruers inure ab~le to llaxinii/ prfits giii th~eir in-	 price efficiency is achieved when the value of' marginal product ofcreased ailiitv to adapt inplit t'otnli ations acti ding tho per'i\texd 	 each factor equals its market price. Thus, fbr a generic fhctor ofnarket-thuctor i)ies'' - In techhnical telris, we refu to tie first p. oduction x,
hyvlpothesis is tey"ng fr technicale/jici',rc!, and tfie second as test
ing for price orallocatijt'e jiciency. Thlese concepts are defined OYalx = krp, 	 (5.3)
iore precisely ini Part Ill, which includes tile iinctioiis to be esti

mated, and the economcric resutIs. If farrners do not achieve price efficiency, their choice of factor 
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combinations fails to comply with (5.3), and the degree of price
inefficiency can be expressed by 

aY/ox = k.rp, 	 (5.4) 

where k stands for the inefficiency factor with respect to input x. 
Allowing for differences in price efficiency among farmers, one 
writes 

Yjj = k.,p. 

where k iis the inefficiency parameter of farmer i. Consequiently, 
one can test whether friners i and j differ in price efficitiecy by
testing whether the parameters k, and k.j differ among farmers. 
This test can be carried 	out either by deriving the factor marginal 
products from estimated production functions, or by estimating a 
normalized profit function (Yotopoulos and -, 1971; 1973), which 
allows for technicld and price efficiency to be tested simultaneously, 

Testing Technical Efficiency 

The preliminary analysis 	that followed Tables 5-1 and 5-2 aimed to 
seehr t ed lev s imtyoldhate f 5and 


see whether literate farmers' higher levels of land roduictivity could 

be explained by the use of production f'tctors in different conibina-

tions, thus leading us to conclude that literate farners 
use greater 
cash inputs and less labor per unit of labor. To find out if this
corresponds to greater technical efficiency of literate farmers (or less 
wetechicalefficiecro 	 couldobtainrlowingtechnical efficiencyilliterateof 	illiterate )hemls tlat1.farmers
whether illiterate far'mers could obtain higher levels of land prodc-
tivity with the same input combinations that they actually do use. 

Since land was assumed fixed in the short run, our production 
function in Eq. tion (5.2) Canlbe expressed as 

Yj: G(Li/Ti, I/T,) 	i = 1 if hmrner is illiterate (5.5) 
i= 2 if literate 

where G(L/T, lIT) = F(L/T, 1, lIT), provided fiuction F(.) is hono-
geneous of degree one, that is, presents constant returns to scale. 
Our previous analysis, in fact, amounted to comparing the ratios 
Y/T, LIT, and 11T, among farmers with dilerent literacy status. If 
these values were approximately the same, the scale parameter, A, 
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also would be the same, and both groups would be seen as equal in 
terms of technical efficiency. This was not so; literate farmers used 
higher Irf's, lower LIT's, and obtained higher Y/T's than (lid illiter
ate farmers. We could not do much inc re than hint at possible
explhinations for this. In fact, to reach definiite conclusions on technical differences between 	 literate and illiterate farmers one hits to 

assume something wore specific about the form of the function F(.).
 
Let us now ,ssume that F(.) is a Cobb-DouglaLs function, repre

senting the technological possibilities of farmers, that can be written 
as 

In56= a + b)lnL + hinT + bini + b~lnK_ + bsnKB 
+ 1cV + IR +Z:ECoij5

where Y, L. and T are agricultural production labor, and land value,
respectively; I represents cash inputs, KA and KB are animal capital
and physical capital; Vi denotes the village that ft-rmers coine from 
with i = 2,3,4; R is a (0,1) variable, equal t)0 if farmer is illiterate, 
and equal to I otherwise; and Com is another index variable taking 

on values of0or 1denoting whether the farmer belongs to one of the 
commercialization groups. 

Equation (5.6) was fitted to the overall sample and to five separategroups within the sanwple: literate, illiterate, subsistence, semi
subsistence, and commercial farmers. Coefficients estimated for vi
represent structural differences among villages; those estimated for r 
and e1 represent differences in the technological parameters de
scribed in the foregoing paragraphs. Table 5-3 shows regression 

coefficients obtained by Ordinary Least Square estimation. The fol
conclusions seem evident:All the regression models seem to explain much of the variationin total farm production: between 68 percent and 74 percent, when a 

degree of commercialization ente.s the equation; and between 62 
percent and 70 percent, when commercialization is left out. For 
most models, physical-input coefficients are significant at the 1 per

cent level of confidence, cash-imput coefficients having the highest 
t-statistic values. Exceptions are labor in the semi-subsistence group 
(not significantly different from zero), and land and capital inputsamong commercial farmers. Summation of coefficients varies be
tween 0.95 and 1.1 showing, for the total sample and for literate and 
illiterate farmers, constant returns to scale; as for commercializction 
groups, the sum of factor coefficients goes from 0.85 in the subsis
tence group to 1.13 in the commercial group, denoting increasing 
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returns with an increasing degree of ommercialization or land
ize, which is the most important determinant of degree of 

commercialization. The fitted filinctioi for the overall sample shows 
elasticities fbr land, labor, and cash inputs as approximately the 

estimates f'ur illiterate tarmers alone show that land has higher 
explanatory power; for literate farmers, on the other hand, labor 
explains most of the output variation. The fits for subsistence, semi
subsistence, and commercial farmers show some difterences in the 
l- estimates: Among sulbsistence farmers, factor elas
ticities are about at the same level; among semi-sIlbsistence, land 

explains most of the output variation, while labor does this fbr com
e ca i ' e s 

1 4 m'4.. Education coefficients are significant at the 1 percent confi
dence level in the whole sample regression, although this decreases 
solewhat when duminnv variables, denoting degree of commercial
izatioti, enter the regression. According to the degree of market
integration, the influence of' education is at its peak among semi

subsistence farmers; it declines among subsistence fiirmers, and is 

fb commercialfarmers. Usinga literate farmer's average years of' scllu×lilg its 1.5 (ats the sample indicates), the resuilts 

show that, fbr tile overall sample, one year of additional schooling is 
with 5.7 percent of' increased agricultural output; amiong 

seii-subsistence ftriners this value reaches 9 percent. 

Testing for structural differences amonig literate and illiterate 
f-litriers (that is, lr whether or not they have dillrent production 
f'ihnctions) leads to the impossibility of rejecting the livpothesis that 
literate and illiterate fairmers have the saine produiction finlctioii. 
Hi literacv affects the technical scale p'mrameter or equation 
k5.2), but not the physical input elasticities. That is, illiterate and 
literate jarmers hacve the same production filiiction. but literate 

e-v are technically mnore uficient than illiterate jarer. 
Disaggregation of the total sample into three groups according 

to the degree of comnnercialization leads to important conclusions: 
Each groip seems to have a diflereit production fiiinctioii, and it is 
interesting to note that, viile elasticity of cash inputs increases(both in magnitude and i,. its t-statistic) as one progresses froi'm the 

subsistence to the commercial group, land elsticity is large among
semi-sulbsistence and not signiificant among commercial farmers; 
however, labor elasticity, not significant in the senii-subsistence 

groups, is importait for commercial farmers. 

In short, the analysis of production functions indicates that liter
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acy is -elated to higher levels of agriculture productivity and tlut 

education works as a scale parameter, shifting tile production func-

tion without changing the output elasticities; that is, educated 

farmers seem to have relatively higher technical efficiency than 

their less-educated peers. Differences in commercialization (market

integration) seem to be very important: Production iunctions were 

Ibund.structuradly different 
between groups, educution having the 

greatest influence on agricultural productivity 
of semi-subsistence 

farmers, 


Simultaneous Testing for Technical and Price 

Efficiency 


As discussed before, one way of' testing for price efficiency is to
compute the value of factor marginal products using the

production-function estimates at mean values ofactuai factor cornhi-

nations. For a Cobb-Douglas produmction function as estimated, this

value-obtained by diflerentiatin of F(.) with respect to each factor 

input-is simply b,..Y/X, where X is any ftactor of production and b, 

is the corresponding coefficient estinmate. 
 If ftarmers do not differ in 

price efficiency, their marginal products should be the same, for th 

same factor prices. Table 5-4 shows 
 the values of labor, land, and 

cash-input marginal products obtained for each group. 


Table 5-4 Factor Marginal Productivity 

Average Product Marginal Product 
Cash 

IL YnT YII Labor Land Inputs 

Total Sample 1.36 4.40 15.2 .40 1.25 4.33 

Illiterate 1.10 
 2 77 16.5 .32 1.07 4.70 

Literate 1.81 4 50 14.1 
 .53 1.28 4.02 

Subsistence .84 2.92 18.7 .21 .09 2.60 
Illiterate .73 2.94 19.8 .18Literate 1.io 2.88 16.7 .27 .86.88 2.752.32 

Semi-subsistence 1.74 4.80 .11 4.6022.5 1.80
Illiterate 1.34 4.27 23.4 .09 1.60 4.80 

Literate 2.36 5.64 .15 4.30
i.6 2.20 

Co,nmercial 1.62 6.44 11.9 1.16 .12 2.8

Illiterate 1.48 5.60 12.6 
 1.06 11 2.97
Literate 1.79 7.33 11.2 1.28 .1. 2.60 i 

Educaeion and Agricultural Efficiency 

We see that: (1) Literate farmers operate at higher levels of labor 
and land marginal product (64 percent and 20 percent, respectively)
than do illiterate farmers, pointing up the effect of using more cash 
inputs in increasing the marginal product of the other factors. (2) As 
for absolute price efficiency, that is, dYIdX = Pr, one observes that 
for an average daily wage of 0.83 quetzales, commercial :rmers use 
less than the optimal amount of labor; and both subsistence and 
semi-s,'bsistence farmers use labor in excess of what would be opti
mal for profit maximization; this may confirm assumption thatour 

small farmers are less concerned with profit maximization than with 
providing for home fbod needs. (3) The fact that literate farmers 
operate at higher levels of labor-marginal product can also mean that 
the opportunity cost of family labor is 60 percent higher than the 

opportunity cost for illitcrate farmers (see Table 5-1). (4) Neverthe
less, among subsistence and semi-subsistence farmers educated
farmers seein to be relatively more efficient though less efficient 
among commercial farmers. This analysis, however, is crude enough 
to keep us From drawing definit,! conclusions. 

In fact, to depart from production-function estimates to analyze 
price efficiency is not the best method. Failure to maximize profits 
,ranbe caused b%" failure to adapt factor combinations to their relative 
prices-so that the condition in Equation (5.3) holds-or by failure 
to obtain the ma.xiinum output from available production factors. 
That is, failure to maximize profits can be explained by price ineffi

ciency, by technical inefficiency, or both. 
To solve this problem, Yotopoulos and Lat proposed a method to 

test simultaneously for price and technical efficiency, based on the
following (a more complete explanation is provided in Note 4, Tech
nical Appendix): 

1. A profit function derived from a Cobb-Douglas function that 
allcws for differei.ces in pri-e efficiency, and can be written as 

In P=biA* + d D, + b* In p, (5.7) 

where P is nor:...lized 1, fit (profit normalized by output price); A* 
is the scale parameter of our production function in Equation (5.2)now affected lby the price inefficiency parameter, k, of Equation
(5.4); and b* is derived from fact,)r X elasticity -affectedby its price. 

2. The Cobb-Douglas production finction has the property that if 
farmers are equally efficient in price terms, their combination of*hctors will hold factor shares in total profit at the same level. If 
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farmers are equally, and ds) al)sol ltelV. efficient, this filctor share is
equal to b*, the factor coefficient inithe profit fiiction of Equation(5.7). 

Testing for differ'->zcs in price efficiency (relative and absolute)among literate and illiterate farmers uses these two properties.
First, one tests whether literate and illiterate firmers do keep the 
share of variable-iactor cost at the same level: this means that, usinglabor as the variable factor of production, one must find out whether 
the share of labor costs (wL) ii normalzed profit (P) is constant 
across farmers, independent of their literacy. Next, one tests for
whether this value (wL/P) equals the estimnated labor coefficient, b*,
in the profit function of Equation (5.7). That is, one estimates two 
functions, the first being the profit fimnction 
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In P = In A* + ID., + b' i w (5.8) I , I7 c4 iT 

and the second 

wLIP = d,DI + d.1,D2 (5.9) 

where the D's are now dummy variables for literacy where D, equals 
one if the farmer is illiterate and zero othierwise; and D.,equals one if 
the farmer is literate and zero otherwise. 

Estimation of Equation (5.9) leads to testing if'd, (.,-that is,
whether literate and illiterate farmers are equally efficient in price
terms-and is carried out by performing a constrained estimationwith d, = d-,; ifthe null hypothesis (d,= d.,) cannot be rejected, then 
one proceeds by testing whetherdl = (, =b* in (5.8). At this point 
one can observe the statistical significance of d in e(uation (5.8) 
which represents the technical efficiency of literate farmers corm
pared with their illiterate counterparts. 

We performed these tests for five diflerent crops for which outputprices exist, namely, corn, leans, tomato, chili, and nuicillo. The 
estimation was carried out by the Zellner method, for which the
results of unrestrained estimation, one restriction (d, = (Q),and two 
restrictions (d, = d, = b*) are shown in Table 5-5. 

Results were affected by the lack of variation in wage paid to hired 
labor. For all cases except beans, we could not reject the hypothesis
that literate and illiterate farmers were equally efficient (or equally
inefficient, in price terms). Moreover, the technical parameter Ai
becomes insignificantly different from zero when profit finctions are 
estimated under this method. A shot tcoming of this analysis is that, 
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Table 5-5 (continued) 

Parameters Unrestr. 

PROFITFUNCTION 
In A* 2.99* 

(2.82) 
d (literacy) -. 12" 

(-.37) 
a (in w*) -. 058* 

(-2.21) 
b (in LD) .676* 

(3.55) 
V2 (viL2) -1.24 

(-1.42) 
V3 (vil3) 

V 4 (vIA) -1.25 
(-1.13) 

LABOR DEMAND FUNCTION 
r, (D,) -. 139 

(-.G26) 
r2 (D2 .884* 

(-3.55) 

F Computed 
Critical Values for 1% 

Le-vel of Confidence 

Critical Values for 51/
IA'vv] of Colflhidece 

Tomato 

IRetr. 

3.01* 
(2.87) 
-. 187 
(-.58) 
-. 059* 

(-2.23) 
.677* 

(3.54) 
-1.24 

(-1.41) 

-1.24 
(-1.13) 

-. 471 
(-2.76) 

-. 471 
(-2.76) 

4.96 

6.80 

3.89 

2 Restr. 

3.09* 
(2.95) 
-. 185 
(-.58) 
-. 504 

(-3.50) 
.691 

(3.73) 
-1.27 

(-1.44) 

-1.29 
(-1.17) 

-. 504 
(-3.50) 

-. 504 
(-3.50) 

2.55 

4.70 

3.05 

Unrestr. 

-. 250 
(-.188) 

.17E 
(.380) 

-1.79* 
(-3.32) 

.575* 
(2.22) 

.394 
(.749) 

.275 

(.187) 

2.42 
(.038) 

-2.29 
(964) 

Chili 

I Resir. 

-. 209 
(-.157) 

.118 
(.250) 

- 1.79' 
(-3.33) 

.574* 
(2.22) 

.392 
(.745) 

.271 

(.185) 

-. 127 
(--.071) 
-. 127 

(-.071) 

1.81 

7.05 

3.90 

2 Restr. 

-. 062 
(-.043) 

.031 
(.060) 

-1.58* 
(-2.79) 

.605 
(2.12) 

.356 
(.617) 

.387 

(.2.39) 

-1.58 
(-2.79) 
-1.58 

(-2.79) 

1.32 

4.95 

3.14. 
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]'able 5-6 Education and Agriculture Productivity (Education 

MalnourishedChildren of the Rural Poor 

Conclusions 

Table 5-6 summarizes the most important findings of this analysis.
Two major conclisions can be briefly described as: 

(1) Education is relevant in explaining ditlerences in agricuitural
productivity. Literate farmers achieved higher levels of both land 
and labor productivity, partly due to m ore intensive use of chem ical 
fertilizers, and partly because of a significant advantage in technical 
efficiency. This is particularly evident among semi-subsistence 
farmners, for whom a 9 percent i :crease in f1rm prodnuction is associ-
ated with an additional year of schooling. 

(2) As for the influence of education on price efficiency, theanalysis provided no definitive answers. This may be because our 
tests were based on the assumption of profit maximization and, as 
seen before, this is not true fior many tinuers; or because the data on 
wages did not provide enough variation to explain dcH.erences in
allucative efficienc.. 
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Appendix 5-1 

DESCRIPTION OF THE 
VILLAGES -

Available information allows us to describe the four rural villages or
only one year, 1974. Some fieattures thus cannot be generalized. For 
example, one cannot be'sure that lood staple sales are equally eice-
tive in most %,ears,or whether 1974 was exceptionally good in terms 
of crop harvest, and thus enabled tiarmers to sell food crops. Other 

- V. C C 

-

t. 

. 

a.. 

_ 

: I- U, 

characteristics-,tclh as land size, specialization cash crops, and 
performance of non-ariming activities-can ie seen as indices less
dependent on the influences of weather, amount of precipitation, 
and so on. The description below focuses essentially on deseribing 
the people of the four study villages in terms of chief' octupation, 
sources of' income, kind of farmning activities, and stel', .triables as 
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to i f) 

C.! 

- X" 

t

l) 

family size and education. It complements description i the vil
lages found in Chapter 2. 

The body of data available from the RAN D-Rmkefeller files 
concerns 818 hmilies in the four villages. lnfbrmation about furming
activities or other income sources is available for only 737 tfamilies; 
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U 

also, exclusion of fmiilies for whom vallies are ihissing fori manv 
firming variables reduced the total nu mnber of fiunilies to 716. ()*f 
these, 598 were agricultural, with access to land; nemnl)ers of the , 
remaining t.milies worked as wage laborers or carried out other" 
activities such as small trade and craft work. (iven our interest in 
analyzing the inflhence of edeatiom on Iftrii production, the present < 
description will focus on the 59S tinm fimilies. 

Table A5-1.1 depicts some elements fbr tl_,e total smaple and for 
each village considered here. Only 17.3 percent of"the namilies de-
pend entirely o fiurming i,,conme. Salaried work to commplemeint
firminig income is carried out by 7(0 percent of the fitiilies. On time 
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average, wages account for 40 percent of total income of firmers iii 
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thesc villages. The weight of non-farming income on total income 

varies among villages: For Villages 2 and 3, 54 perent of income 
comes from agricultural sources; in Villages 1 and 4, corresponding 
values are 32.3 and 36.7 percent, respectively. This is related 
other indices concerning Lind productivity and fIarm produce. 

to 
One 

sees (Table A5-1.2) that Villages 2 and 3 have higher levels of land 
productivit, use larger amounts of* cash inputs per land unit, andthe ratio of fod)staples to total produce is considerably lower than
for Villages I and 4. The percentage of farm output sold also is 
consequently higher in Villages 2 and 3. The average size of land 
plots is quite small, 1.3 h, t tares. On the average, however, fiaimilies 
hold more than one plot, which makes the average landholding
equal to 2.8 hectares (79.9 cuerdas). 

Agricultural production consists mnainlv of five crops: corn and 
beans (fiol crops), tomato and chili (cash crops), and maicillo (tbr
animal fieeding). Other- p:odticts, as ayoit and yutcca, are less imlpor-
tant. Table A5-1.3 shows the struchre of production and sale. by, 

Table A5-1.2 Indices for Agriculture Production by Village 

Village Total v ii. I Vii. 2 Vii. 3 Vii. 4 

Average Extension of land 68.6 97.:-.3 8.3.17 36.8 70.3 
per Family (cuerdas)

Average Size of Parcel 27.5 28.70 37.7 15.3 2:;.5 
(cuerdas, 


Average Number of Plots 
 2.5 2. W 2.1 2.3 2.8

Average Price of Land 


(q uetzale ,: c ue rdas ) 
2.0 1.13 2.7 3.7 .9 

Average Productivity of Land 4.79 3.0 4.81 8.85 3.16 
(quetzalescuerdas) 

Corn and Beans in Total 55% 84'7 5' 33% 74%Agriculture Output 
Corn and Beans Sold 16'.: 1-t.4 2t0.4(,7 7 7%1 14.2% 

(out of respective output) 
Agriculture Output Sold 45.A/i 2.7',; 3.6(;r 54.9% 2-7. 2
Agriculture Output Not Sold 54.8% 76.:3 46.4% 45.0% 62.8% 

Labor-Land Ratio 2.9 3.0S :3.24 2.5 2.5 
Fertilizer-Land Ratio .34 .16 .39 .55 .19 
Hired Labor-Total Ldbor 21.1% 11.97% 19.9% 47.9% 10.1%Productivity of Labor (Gross) 1.15 .95 1.14 1.64 .W9Productivity of Labor (Net) 1.04 .90 1.02 1.42 .92
Families Using Ilired Labor 38.6% 3-1.1% 43.0% 47.8% 28.4% 
Average Wage .84 .75 .85 .87 .84 
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villages as observed in 1974. Most grow corn, :32 percent of tf'rmers 
selling 12.2 percent of their production, on the average. As the 
major soirce of ftod in these villages, corn represents 42.2.itrcent 
of total agricultural production, reaching its highest level in Village 3 
where corn is 70.8 percent of" total firin production. Beans, chief 
soturce of protein in villages, holds second place. Rougfil.v half the 
fiarmers grow some beans: among these, one fourth sell sole bean 

production (on the average, 29 percent). Fewer taurmers (15 and 7percent, respectively) grow toinato and chili, essentially fbr sale.
Aaicillo, grown by 19 percent of theltrniers, represents only 3 
percent of total average produce. .1ai'illo, however, is sold by 40 
percent of those who cultivated it and who, oil tile average, sold 33 
percent of their maicillo crops. ()!all firmoers, 20 percent plant other 
crops for sale; these Crops represent around 8 percent of total pro-
dce. 

Sales and salaried work yield a sobstantial amount ofcash income, 
which makes these oplationls very dillerent hoil sill sistence-level 
ftarmers of the Nakijima-Fisk model. Adding sales, salaw income, 
and income from other activities 5st1h its small trade, arts and crafts)makes cash income represent. oil the a\erage. 75 percent of total 
income fbr this sample. 

H iring labor seem s to )e it com mon practice in m ost villages: 3 .7 
percent of tariners lire some labor, \illag s 2 and :3where being thosehired labor is more heavily tisted (4:3 and 48 pe rcenltarer espectively). In Village 3 total of,ired labor represents 48 

percent of total labor input; in the reeaining villages t48 average is 


peir cpnott fint talt~ l la rber nai lil g v lla es he ver ge sless than 20 percent. This is consistent with the fict that Village :3 has 
the largest proportion of landless, non-farming finnilies (25 .7 per-
cent). 

Finally, education and fmily varialles are slbown in A5-1.4. Both 
ftamily size and age of average firmer are (luite similar acrosslages. Amount of schooling diflers coinsiderabv alinng 

vil
villages, 

however, thogigh the average of educational grades is very low trall. Village 2 has low rates of literacy and grade attainment, although
male household heads here more Onrelport literacy. the i'.erage. 
males completed fiewver grades than females. Figures oji educational 
grades and literacy indicate no consistent relation betveen literacy
and grades; for example, in Villages I and 2, male honsehold heads 
have less schooling, but are likely to read and write better tlall 
females; conversely, Village I has the highest rate of male literacy, 
but in Village 3 males show the largest amotimt of schooling (il-
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Table A5-1.4 Education and Family Variables by Village 
Village All #1 #3#2 #4 

4.65 4.57 4.69 4.36 512 
N. f Pepile Preset 4.65 4.48 4.294.58 5.00N. off MinorsN. f elerese 1.38 1.531.3o 1.53 1.35 1.201.20 1.431.431.35 
Ate ! other 35.5 37.9 36.732.8 34.6 
Age F"atit-, 34.2 34.1 35.8 31.2 35.5 

Read and \Vrite:4
.ltler .39 .57 .25 .35 .39: Father .32 .9 .39 .29 .33 
Av. Famik .80 .88 .70 .91 .68 

Education grades): 
Mother .72 .90 .55 .75 .65 
Father .5>4 .43 .55 .76 .39 
Av. Falilyk" 1.27 1.35 1.04 1.68 1.06 

Averagt. of* iNit a lrding 1' 0 = cWoit wnt. I = tall readitad and/or and/or 
,ne a littI. 2 = can read ... d writell. 

A%crag. c-omputt-d fir th. in.mlImro, ami,,lfy ag,'7 ,rore. 

tbongl year). wasless than one Ability to read and write tabulated 
by usking wleth ver.isoli read and \%rite, ratherllt r couly than hy
testing I d e s w er co ld ea daver th a n iy 

testing. Indices were coiputed as al average of three values-0 iftiuable to read and write, I if'reads and w'ites a little, and 2 if readsand w\'rites well. When we regrouped into just two categories, using
0 for the two first categories and 1 for people who read and write 

w e ll (Table A 5- 1.5 ) . the res uilts are more striking ats far ats villagew el a e concered.
 
(ifl.rences are concerned.
 
Table A5-1.5 Male Literacy Using 0, 1 Scale
 

V1llages 'di #1 #2 #3 #4 

l.iteracy 01' MaletS .366 .1CA.:3f2 .525 .25,S 

Illis conlirms tIle relativ'ely higher level of literac\ in Village 3 and 
the lowest position of Village 2. Recalling that Villages 2 and 3 
showed the highest land and labor productivity, one most conclde 
that these simple indices cannot provelivthiing abott the size and 
direction of tile infllence of oileducation agricultural production.
More complete analysis mst he carried out in order to disentangle 
the eflects of'education from other fictors that adlect the productivity 
levels of these Guatemalan fairmers. 
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A Word on Poverty in the Villages 

Predominantly poor oi the average incoime per capita ill 1974 was 
around $132). these villages also show a suhstantial degree of iliter-

nal inequality. In terms of land (listrilbiition, the upper quintile of' 
ftarmers controls mnre than 40 pereint (f the land. As for total 
income, wages and other incomiie sotciitt. col)ensated fotr a siiall 

part of the skewed distribution ii lid: exven so. 5 percent of the 

wealthiest iamilies received 2.7 pecent of, the income. Ciii 

coefficients comiputed for thlse two \.ariable distrilutiolis were 
0.555 and 0.495 respectively. "l1' t agriCultirt, production1 was 
equally highly connc'utrated-iiore than 32 peicent accrtig to (te 
top quintile of tile (listributioni. 

The direct consequence of such inequality of both means of pro-
duction and of income is that a consideral h, number of families lie 

below tile poverty level (as defined hv local staaldards). The average
wage for all fbur villages lies at tile lower limit of acceptalle annual 
income for a finnily of 4.8 persons (approximately 220 ( tietzales). A 
second poverty measure was colmpted Iy estimating the cost of 
buying basic food products (corn and I)eans) at average village prices. 
This amotnts to 45.1 quetzales per person per year for 220 kg corn 

and 39 kgIbeans per person per year. For aniave'rage 4.8-perso ixiundt* 

family, the computed poverty level equals 207.5 quetzales per Near 
ill 1974 prices. 

Disregarding other living expenses and using these iincoine levels 
to define a poverty level, we can cimiclude that 35 percent lie below 
tie poverty level. Consequences ill terms ot'clild mialnutrition and 
ill poor school attendance and pert"Ormlance are predictable. Tabhle 
A5-1.6 depicts sone indicators for the t ,,roups oftfainilies divided 
according to their relative positionm with i, ct to tile pxV'ertV lhxel. 
here measured iin terms of income per capit;, .45 (ietzaleslyear) t) 
control for the eltect of tionilx size. 

Table A5-1.6 presents the profile of poverty: Iox' lVels of eduIca-
tion (or at least relatively lower), small Iladholdings and il ore tibmil.I 
litrns, as opposed to comniercial tiffins, either cultixating land 
owned 1n the tiniily or by sharecropping. Meanwhile, poor famnilies 
have fewer children than 'all the others" k1.25 and 2.15. re
spectively), which may result f'om poverty itself or firom the slightly 
higher average age of*household head. 

Appendix 5-1: I 'scription of the Villages 

lTable A5-1.6 The Profile of Poverty in the Four 
centage) 

At! of' l"h.iad of Imloseld: 
14-29 

30-64 

Eil of'15 
iterate 

Illiterate 
Educational (;rtdtls Ilousebold IHead: 

0 
1-2 
3-4 
5+Position ill ( ccopatio~ll of' Ihtad of' Ihollst-h()ld: 

Empl,. er jhirio labor)o waut., 

Self Emphmted 


Shule± Cropper 
\Val. e-l.uor in ('ointinitv 
EmpIled (utshide ( :owuiuity 

lotal Ilod lxploited:N Wetar I, od 

I-1 " il I.. t 

I.ntv.d l 
Municipal Liuld 

Sources of"ione: 
Agriculture Incmue 

Waves 

Atiities. Arts auu( (drd's 


Nuil0t.r ilrei (1-1t) 

1-2 

3-4 
5+ 

Number of asts 

Rund Comnunities, 1974 (Per

or.l 
Fa,,llie, 

15 19 

7 64 

17 
26 43 
74 57 

72 54 
12 19 
l! 21 
5 s 

3 2(1
31 25 
51 :34 

9 11 
6 10 

(44.4) (77.8)61 7! 
9 7 

21 19 
9 :3 

(211) t71:31) 
48 45 

36 4(1 
16 13 

30f 

34 29 
27 :.. 

8 15 
164 4:3(0 
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Farm labor is tile stum of ftamily labor allocated to farm working, L 1, 
phis hired labor L", 

Appendix 5-2 	 L = f"+ L" (A5.5) 

hired labor being paid an average wage, wt". Using these expres-
TECHNICAL NOTESsions, one writes the miaximization problem of net household income 

Max: p F(L,T.1I) - w"L" + th'Lh 

subj: (i) T = T 

(ii) L = 1f + L"Note 1: Maximization of Income, Profits, and 

Production (iii) L h = L ! + 1A (A5.6)
 

Let us assume that farm household income, E. is the sum of farim The prob~lem is solved by maximizing a finction as
 
income Ef and wages income, E-+
 Z=p,,F(L,TI) - tc"Ll' + ich'L' - XI(T -"T) 

E=Ef+ El. (A5. 1) 	 - - - L') - :L h - L - L (A5.7) 

Farm income, Er, in turn is evaluated as the value of ftrin produc- which holds as first conditions for a maximmn 

tion Y, and wages income is equal to the amount of household lalbor 
working for wages, L,., times average wage of household labor tvh. = rjp 

E . = L .. tWh (A5.2) 	 f. wip (A5.8), 

Farm production is t function of available factors of prodtuction, 
land, T, labor, L, and cash inputs, 1, and can be written as That is, maximization of net income implies the use oftfamily labor in 

fTiminig until its marginal product equates familv market wage, Wh; 
Y= F(L. T, I) (A5.3) and hired labor up to the point where labor marginal prod'ict 

e(Iuates the wage r.-e paid to hired labor, we". If famnily wage were 
wvhere F is a "'well-Ibehaved'" imction, such that each factor hs the same as hired-labor wage, the farmer would first use family labor 
positive ut decreasing marginal productivities, and factor marginal and then hired labor, up to tile point at whichfj. = W" = w; if:fnlily 
product increases with the amount of any other factor. That is, wage, tv", is higl-er than hired labor wage, tL", hired lah'r can 

KL fT,fI > 0 	 sulbstitute for family labor, which is then allocated to the labor mar
ket: L4. Lf - Lh(w"), where Li(w") is the amount of L at 
which f ,, = t ".LL f 'r f it < 0 

and 	 (A5.4) 

f.r, f.1.fT, > 0 
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Note 2 and labor inputs by l* = (l/t)* T. Labor will be hired or sold
whenever family labor is less or greater than the optinal 1*: 

of net farmn income and
If total net household income is the stum 

wage income, 'h(s) = 1* - 1(w*) = t.(it)* - !7(w*) 

E = Ef + Ew 

maximization of E implies maximization of Ef, net farm income, and Note 4: Testing Technical and Price Efficiency 
of E, wage income. For a complete description of the method summarized below, see 

Yotopoulos and Lau (1971). 
Let us recall some of the definitions mentioned in Part Ill. Price

Note 3 efficiency exists when the farmer matches the marginal product of a 
given input with its price. For a function y = f(x), price efficiencyFor example, for a production function such as y = f(lt,i), iff(.) is will be obtained wheneverf. = P.'/p, Conversely, one can define 

homogenous of the first degree, then y = t.g(l/t, i/t), and marginal am index of price inefficiency as k', and writef, = k'(p,p) as the
product of labor, ihj/iJl, is given by ig/,I(I/t), holding i/t constant. maximization profit rule of a larmer i who perceives the current 
Assuming land constant in the short run, optimality conditions for prices affected by an error k . Ifainy two farmers have the same error 
both farm groups imply that firms will operate at the same level of k, then their relative price efficiency will be equal although both 
labor-marginal product; this, ultimately, wvill be the wage rate prac- might be inefficient in operating their farms. If k' = = 1, both 
ticed in the village. As for labor-land ratio (it), the optimal labor- fairmers will be absolutely efficient in terms of price or allocative
land ratio, (lit)*, will be sodl, that efficiency. Since ftumers can differ in technical constants ai, as seen 

befbre, a simultaneous test for ai = aj and ki = kj = 1 has to be 
g '(lIt,)* = ''ltj)* carried out. 

For .j Cobb-Douglas production function as 
for all i ancij frms, since g'( ) is the same for all farms, the optimal 
(lt)*will aso be the same. With land fixed in the short run, tj = t,, Y = ALT" (A5.9) 

optimal labor inputs will be determined as 
Lau and Yotopoulos sh, , that using duality theory leads to a vari

l = tI/t)* able profit function as follows: 

The amount of hired/sold labor services then would depend oil the - -P = P(wT) = A" b" (I - b)-"tw"Ta (A5.10) 
amount of labor available 'n the family, I, and the optimal anuount 
/ 4. Farmers will hire labor iflf is less than I*, and otherwise will sell. where P is the normalized variable profit, w is the normalized wage 

Since groups difl -- in wage perceived in the labor markets-such rate, 
as literate farmer ._ tmbers obtaining, on the average, wages 60 
percent higher than :' - illiterate-the amount of family labor avail- a = -b,(l - b,)-' and = b:(l - /:) -

able for farming activities will be determined in the function of this 
wage w4% LI(w): Oy/Il7 = tVj. Optimal labor-land ratio will be a Variable profit is a decreasing function of the wage rate, w, and an
function of the minimum wage ti, increasing function of fixed factors-land. If farmers vary in techni

cal efficiency, that is, A, # A , one can substitute A, forA in Equa
(lit)*: ~Jg(/t)* tion A5. 10; if, besides that, they -alsovary ir price efficiency, kj ki, 
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the correspondent profit function is, as derived by those authors, 

Pi = Alw"T8 
(A5.11) 

-A* =A 1( 
- b, (1 - b ,/kj)(k 1)-"bg- (A5.12) 

The goal is to test whether or not A, = A., (where 1 denotes illiter-
ates and 2 denotes literate farmers) by using a dummy variable to
estimate AVA*. The test will not work if k.. k, because the ratio 
A.JA* involves the constants k, and k.,,as follows: 

M.I -1. )11,-611-1 (1- ,,/kzV kz ,
A*' _ A. } -, - b-Ik( k (A5.13) 

A, ~ I - bl/IkA k, I 
Ifk., = k,, however, the ratio simplifies to the following: 

= (A/A,) (1 - Ib,)- (A5.14) 
A.A* 


Hence, we must test k., = ki first. To do so, Yotopoulos and lwa 
exploit a convenient property of the Cobb-Douglas function. When 
factor prices vary, quantities adjust to keep factor shares constant. 
The same is true for the ratio of variable factor costs to variable 
profit. Suppose a farm responds efficiently to the wage rate, that is, 
ki = 1. Then 

-wLIP = -b,(i - bI)-' = a. (A5.15) 

But, if farmers act as if wage rate is kiw, then their ratio k ,vL/P will 
be constant as wLvaries, not wLIP. We do not observe k ,w, but the 
authors show that when ki # 1, 

-wcL/P = (I - bi)(ki(1 - bh/k 1 ))-' = a1 . (A5.16) 

This equation defines aj. One can, therefore, test for k' = k' by 
finding out if the ratio of the observed wage bill to variable profit is 
significantly different for illiterate and literate farmiers. This can be 
done by means of 

-wLIP - aD' = a"'D 

where D and D 2 are (0,1) variables denoting illiterate (D' = 1) and 
literate farmers (D2 = 1). 

If the test shows equal relative price efficiency across groups, we 

Appendix 5-2' Technical Notes 

can proceed to test absolute price efficiency and relative technical 
efficiency with the Cobb-l)Donglas profit function. 

The two profit functions are 

P., = At t"T (A5.17) 

P, =A*teaT a (AS. 18) 

If one replaces A* in (A5.18) by A*(A*/A*), one can estimate (A5.18) 
by means of 

ItP = In i * + d D., + aln w + )lIn T (A5.19) 

where d = In (A'LA*)= (1/1 - bI) In (A.,.I ,). If d is significantly 
different from zero, then A.,and A 1are not equal. We can -alsotest 
absolute price efficiency because ifk., = k, = 1, then a = a., = a, as 

can be seen by inspecting the equation defining a in (A5.15). 



Chapter 6 

EDUCATION, FAMILY
 
ECONOMIC PRODUCTION,
 
AND FERTILITY: THE CASE
 
OF RURAL AND SEMI-URBAN
 
GUATEMALA
 

by Alai S. Simonen 

This ehapter smnmarizes atalses "'oeco onlie anddleterntlirtats offrtilitvitN' is defined its rid 
rti, 'of, OCttijtde fiuntsd o tile nul'liler- of children-ever-lborn irresptecti%,o

n attituidintalin ruralad semi-urhat C;uatenala* Fertil-of,how many survive. Fertjlitj' is (listingtislhd fromtfectndityfi-emtiditv refe.rs only to th( l)iysiologi cC in thate)a~heitvo ebear children. \Ve fi×,s 
o d 

on I ow n fitae ieads ofiitvrae;dsenhold, and fiunilial economic production (weaulth, mode ofprl',,,tiol,and1 ite, me), il]ect tite imbter ofeciidrei-('er- to the fimalehead of holusehold. 
~rn 


We ask wtether literacy in tile ktiale, ahog
tiomic productionl, aittcts fe.rtility aind, 
with tfilij VC0eo

if' so,Context of the c(tnlitiiities ttder stil(I, 
how and \vhy, ill the 

to disco'er wh at Ill adlditiori, we w;lt to tryother fileto-s lly exlalin i(lividlil fetilitv itthese coitumtitities. 
Underlying this work is tilt 
 need to understaud lhy people 
 in 

* Note thlilt dat,ltsed he 
Iis(1 1t1( ronm 

are fromt the ourte/ wo etni. riurhan v), oIt its IN(.\ d(0e'se the . Ifilld ot "it 'HNI)(frAmsdliti hthis chaplter). The present chatpter presents illt, 
0N, ht 

restlls de eloped ut st iit edgreat' ituntrr deitiil in Siilniteti I s9(). 
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less-developed countries (LI)Cs) are having a given number of chil
dren, so that women will he better able to choose when to hear and 
rear children, and also so,that we can contrilbte to tilt- design of' 
more responisible p)pulation policies. Although the education
fertility relationship has received much attention in demoigraphic 
research, it remains unclear whether and why individul;d education 
(particularly in the very first f'ew, years) atlects fertility in countries 
with low levels of overall literacy (Cochrane, 1978). The eflect on 
fertility oftfamilial economic production has been looked at mainly as 
an inconme-fertility relationship-that is, as income of'family in-
creases, does f'ertilitv decrease or increase?-less work has been 
done on the potentially imiportant efl 'cts on fertility of' wealth and 
mode of production (Mc(reevev aid Birdsall, 1974; Simron, 197-1 
and 1976; .MacFarlane, 197S8. \Wealthl here retf'rs to ownership of 
means of proluctioli (land, machinerv, too~ls, animals, dwellings, 
etc.), consumer durables iotise. veides, radio, etc.), and other 
assets (stocks, bonds, real estate, saviigs, etc.). Mode of produictioni 
ref'ers mostly to the manner aud deg'ree inwhich a fiililv/horrselhold 
is integrated into wider economic rm'arkets as supplliers of' prodtrcts or 
labor or as buyers of wag.z. lal or lecrt" and deJaeivry, 197s). 

Whether we are interested ildesigning more eflecti\ve popuilatio 
policy (in order to 1)roduct..' rapid decline ii population growth), or 
in making repr-murctior truly ,c rratt'r rtchoice, more knowledge is 
needed about how scioeconmi,c tctors (such as literacy and f-
milial production) aflect f'ertilitv. 

Since fertility is defined as the nurier of'childrei-ever-lborn, our 
emphasis will he on the "stock" aspect oftf.rtility- that is, tile ruir-
her of' children born to a feimhale t a given tirie iii lier life (Nani-
boodiri, 1972 and 1974; Co 'hrane,1978). The "stock" model of fer-
tility is to be contrasted with the "flow" model, in which one 
considers fertility f'roin the point of view of adding/rot adding an-
other child to a given "stck. 

The dat:t come fromia series of cross-sectional household sircys 
administered in 1975-1976 in the same four rural (iuatemala 
communities in vhich INCAP carried or t the nutrition experiment 
as well as intwo senii-urban communities near (uatemhala Citv. All 
six communities are part of tlre Ladino, rather than the Indian,. 
culture. (See Chapter 2 fbr a f'uller description of the four rural 
villages and a later section of the present chaptc r for a description of' 
the two se n-urban villages.) 

Education. Family Economic Production, and Fertility 

Theoretical Framework and Methodology 

The ialvtical work in this Aiapter centers on estimatini a structural 
equation model of*fe-rtility determinants. The iiodel (which will be 
shown later in Figures 6-1 and 6-2) represents postulated causal 
relationships anrong variil )les. 

The model is based on exte sive conceptual work in diflereit 
theories of'trtilitv determinants. ( )nl a lbrielfsuirnarV Of tt'hemodel 
caln be presetited-her'. For a more complete review 0if theothireti
cal framework, see Sinimonen, 19,5).) It is hypothesized that indi
vidual literacy ard timlcilial ecollroic production inCillle, . .altlh. 
and ruode of'productio.), together \%ith teiriale lahor-torct 1xrtcipa
tion, afllct tkriiilh type (exterided or nuclear, child in ,rtality, and 
conimnuitrity characteristics-ftor instance, availability ofi fimilv plan
ning services adflects fertilitv through three intervening variables: (ta) 
limilv planning knowled,e, attitudes, and practice (KAP); (b) 
inale/femnale coln liurnicatiom: aid (c) child ntility. 

Theories and firudiogs fron psvchologh.y ard s, iology eipphasize 
that educatio,, and otht'r scioecoiolliic varia les (suich as irncomle, 
wealth, and irode o production) not)only imnprove access to fiamilv
planing iniormatioin and services, but also allow peo)le to iake 
riore infiuriied decisiCsdabout faimily planning. Additionally, educa
tior is thor lit to contribute to iriore positive attitudes toward the 
idea of spacing births and limiting faumily size (Berelson. 1966; Coch
rarie, 1978). Some theoretical and enipiric;,l evidence supports the 
hypothesis that the coriirued eflect o' famil planing knowledge, 
attitudes, and practice (KAP)has a t*'rtility-redurcing effect (Celade, 
1972; Sear, 1975; Williams, 19.t76: Cochrane7', 197S. but the under
lying theoretical arguimiet is not well developed. The argirrent is 
simply thrat tih\orable attitlrdes tOiward, knowledge about, and use of' 
contrace'ptio help parents control fertility (Williams, 1976). 
Moreover, e, iderice is acirnirlatirng to sirgest that ainily-plar iing 
KAI) may be a sigriicaint influence )i ft'rtility only after the ruotiva
tim, t) have no more children has been reached-that is. generally 
ater thetamily has the rumrber of'children (or at least the number of' 
ioys) judged necessary to assure a given nmler of' sr'viving chil
dren when parents have reached retirement age (W'van and Gordon, 
1971; Mc(reevey and Birds;all, 1974; Cochrane, 1978). 
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Social psychological theories of interpersonal (lecision-makingemi lphasizethe ilportance of scial-exchange processes within the 
family in determining family size and fertility (Hill, ct al., 1955;
Bagozzi and Van Loo, 1978). These theories assume firther that 
education and other socioecononic variables operate mainly through
the mechanism of social exchange within the famnily, although
neither theory nor empirical evidence provides more information. 
There is evidence, however, that both education and socioeconomic 
variables are positively correlated with levels of social exchange 
v ithin the ftmily (Cochrane, 1978, Chapter 5). 

Theories of Fertility 

E1onomic, sociological, anthropological, and psychological theories
of ertility all deal with the role played by the real and perceived 
values of children in determining fertility (Davis, 1955; Leibenstein,

1957; Nag in Fawcett, 1972; lotfnan and Hoffman, 
 1973; Cassell,
1976). Psychologists tend to locus on the psychological value of chil-
dren to parents; economists stress the economic/utilitarian value 
(contribution to income, and as old-age security); and sociologists
emphasize the perceived long-term societal value of children. These 
theories finrther hypothesize that socieLal-level variables as well as 
individual education, income, wealth, and production-pattern affect 
child utility; that is, as socioeconomic conlditions improve, the values 
(utilities) of'children are affected, in that economic benefiis provided
by offspring tend to decrease while both direct and indirect costs 
tend to increase. Theoretical work on the effects of mode of produc-
tion on fertility stresses that tile number of children in a tumily is
largely a reflection of parents' need for children to help in family
economic activities. The need for children's help in turn is 
influenced by how the family produces its livelihood (MacFarlane,
1978; Deere and deJanvry, 1978). 

Our fertility model hypothesizes that the socioeconomic variables 
aflect family planning KAP and nmale/fenale communication sinli
larly in the rural and in the seni-urban area. The effects of literacy,
land-ownership, income, and feimale labor-force participation on 
perceived child utility and on fertility, however, are hypothesized tovary by rural versus semi-nrban area. 

We hypothesize that the net direct and indirect eflects on fertility 
of time socioeconomic variables mentioned aLove are positive in therural sample and that they are negative in the semi-urban sample. 

Education, Family Econo,-c Production, and Fertility 

(In the path model, direct eflects are those that affect fertility di
rectly without first affecting one of* the model's intervening vari
ables-family pianning KAP, ial/female communication, and per
ceived child utility. Indirect effects on fertility are these operating
through the intervening variables. Positive effect refers to increasing
fertility; negative effect means reducing fertility.) Different effects are 
expected between rural and semi-urban areas. In the rural context,
improved socioeconomic status may increase parents' capacity to 
aflbrd children but may not decrease the need iir childrens hell. In 
the semni-urhan context, the changing socioeconomic context and 
production pattern of ftnilies tenid to decrease children's utilities
(benefits) while inc- ....... their costs to parents (Goldstein, 1972.
Bindary t al., 1973; .-AecGreevey and Birdsall, 1974 Simon, 1974, 

Davidson, 1977).
 
The efl'ect on Iertility of iunily type (nuclear versus 
extended) is 

hypothesized to operate both through : .rceiv'ed child utility and
male/feimale comm ication. A move toward nucleara family is 
hypothesized to decrease the net vine of children due to an" in
crease iiij mir costs and decrease in value (Leibenstein, 1957;
Schultz, 1969; Simon, 1974). Similarly, a move toward extended 
family is hypothusized to increase the net value of children, Ilow 
lainily type ailfects niale/feiiale coin in unication is left unspecified

because of limited theoretical and empirical evidence.
 

And last, we hyNpothesize that child mortality has a 
po)sitive direct 
eflect (in fertility this follows the theoretical work of economists and 
others on child-suirvival hypothesis and replacement belha ior 
(Schultz, 1976, Preston, 1978). Although a controversy exists about 
how much child mortality does affect fertility, ample evidence sup
ports a positive relationship (CICRED, 1974; McGrcevey and 
Birdsall, 1974). The reasoa for modeling child mortality ias aii 
exogenous rather than as an intervening variable is mainly practi
cal; limits had to set onbe the focus and number of relationships 
examined in this study. 

Methodology* 

The main analytic technique used in this study is structural equation 
model estimation by means of ordinary least squares (OLS) regres-

See also Technical Appendix at end ofchapter. 
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sion method, path analysis (Dunican. 1975). Since ()LS regression is 
used, the basic OLS assumptions are inlaLde. tit addition, for OLS to 
yield unbiased and eflicieni estimai les f"structural parameters, and 
for these parameters to be ideiztified, it is assumed that error terms 
in a recursive system of equations (such as our ft'rtility model) are 
uucorrelated. 

The model is estimated for female respondents aged 14+ living in 
union with a male at the time of tile interview. The model is esti-
mated separately by rural and seniii-urbam sulisaiples. 

In structural equation analysis the causal eflect of a one-oiiit 
change in a predictor variable oii a dependent variable is represented 
as a parameter. Inorder to obtain iihiased estimates of the strme-
tural equation parameters, the nuodel has to be correctly 
specified-that is, the causal ordering of the variables amd choice of 
variables themsclves should reflect reality accurately, 

Since the model is assumed to be recursive, the parameters can 
be uniquely determined froii observed data. A recursive model is a 
hierarchical model in which the errors in diflerent equations are 
assumed to Ihe uneorrelated with each other. A hierarchical model is 
one in w'!icli all causal linkages ron 'one way." 

The major advantage of structural equiation models is that thet( 
allow the elet of'a predictor variable (f6r example, literacy) aon 
dependent variable (Ior examiple, k'tihitv) to be separated into a 
direct effect, and one or more indicect Celhcts which are tranismitted 
through intervening varialles (fir example, faimily-plamning KAI). 

Since cross-sectional data are used, on sholuld be canltiouis about 
interpreting tht, observed eflects. This is especially relevant tor at-
titudinal variables the which were collectedin study, contein-
poraneously with fertility infirmation. In addition, we oler a word 
of caution about possible reciprocal causation letween certain vari-
ahles in our model, fbr example, child mortality with fertility and 
female labor force participation with fertility. Inaddition, correlation 
and/or multicollinearity aiiong error terms ill equations cannot be 
entirely ruled Gilt. 

Characteristics of the Sample 


The sampie consists of a total of' 847 feniale respondents (578 rural 
and 269 semi-urban) aged 14+ at the time of interviews in 1975-
1976. These 847 respondents wcr', living in tinion then (consensual 
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or legal) with a male, or had leen inunion before. Note, however, 
that the models presented in this report are estimated only tor 
females actually living in union with a male at the time of th inter
views. The unit of analysis is the individualfi,,nale head of household 
as she interacts variously with the male head fhousehol the rest 
of the family and household, and others in the community of resi
dence. 

In addition to the four rural villages, described inChapter 2. the 
present aialy:iis of t'ertility uses data from two seini-uirban c' in
mnunities, which will be described as Villages 5 and 6. These two 
semi-urban communities are located about twenth minutes (driving 
time; city buses run regularly) fioit Guatemala City in a fairly indus
trial and rapidly urbanizing zone. The colnined populatioi is about 
4,800 people (Butz ct al., 1975). The seii-urban communities rep
resent a transitional zone from the country to the (ity. Thev share 
many socioeconomic and cultural characteristics of' the capital, and 
many inhabitants work in Guatemala City. Houses are of better 
quality and ofimore formal construction than in the rural coin
munities. Fewer houses have dirt floors; over half the houses have 
electricity; and practically all have some sanitary facilities. Streets 
are paved and cars, buses, motorcycles, and bicycles are a common 
sight. 

Table 6-1 presents selected measures that describe the fou r rural 
villages and the two semi-urban communities. We see that the mean 
per capita income was around 200 quetzales in the senii-urban 
communities in 1974, that is, twice that in the rural communities. 
Major source of income is wage work: Alout three fourths of total 
1974 household income in the semi-urban area was fiorm wages. A 
larger percentage of females in the semi... ...irea work as domes
tics, merchants, and ftactory workers han do woien ,,.:! rural 
area. Inhabitants in the semi-urban communities have more 
schooling on average than their rural counterparts. Both parity and 
child mortality are somewhat lower in the semi-urban communities. 
In the semi-urban area overall, socioeconomic diflerences l)eteen 
families are apparent, for the upper quintile of tflmilies received 32 
percent of the income. 

The two semi-urban coinmunities differ from each other in thatone is more agriculturally based (Village 6) than the other. They also 
differ in the fact that Viliage 5 includes a larger proportion of young 
recent migrants from the nral areas; people here tend to have mare 
contact with Guatemala City than do those in Village 6 (Clark, 1979). 
Male wages in Village 5 are higher than in Village 6. 



Table 6-1 Mean and Standard Deviation of Selected Demograph and Socioeconomic Variables Describing Sample 

Rural Village (Number) Semi-urban Community (Number) 

1 2 4 All 5 6 All 

Female Age: 
x 

SP 
39 
15 

35 
12 

38 
15 

36 
14 

37 
14 

34 
10 

35 
14 

34 
13 

N 172 167 137 102 578 114 155 269 
Male Age: 

x 
SD 

42 
12 

39 
11 

42 
15 

41 
13 

41 
13 

38 
9 

40 
128 

39 
12 

N 134 140 101 89 464 107 14 235 
Family Size: 

3 
SD 

5.11 
2.28 

5.25 
2.28 

4.84 
2.28 

5.54 
2.30 

5.17 
2.28 

5.60 
2.10 

4.90 
2.02 

5.20 
2.08 

N 
Children Ever-Born: 

161 159 128 100 548 113 155 268 
a-

SD 
N 

5.70 
3.38 

172 

5.92 
3.91 

167 

5.01 
3.14 

137 

6,39 
3.9' 

102 

5.72 
311 

578 

4.74 
2.58 

114 

4.57 
2.97 

155 

4.64 
2,81

269 

Completed Parity 
(age 45-55): 

SD 
N 

8.13 
3.37 
30 

8.86 
3.55 

22 

8.11 
3.85 
18 

9.71 
4.16 
17 

8.62 
3.67 

87 

6.50 
2.37 

10 

7.29 
2.14 

17 

7.00 
2.22 
27 

Table 6-1 (Continued) 

Rural Village (Number) S'ni-irban Communitty (Numher) 

1 2 3 4 V/l 5 6 All 

Desired Parity: 

SD 
4.56 
2.87 

4.74 
3.22 

4.09 
2.52 

5.81 
3.87 

4.65 
3.07 

3.86 
2.06 

3.57 
1.82 

3.69 
1.92 

EL 

N 127 113 111 54 405 106 143 249 
Child Monality 

Rate: 

7 17 23 17 20 19 13 15 14 
SD 22 2.3 22 21 22 19 20 20 
N 172 167 137 102 578 114 153 269 E' 

Female Schooling': 

x 
SD 
N 

Female Literacy: 

1.27 
1.56 

IbO 

1.03 
1.51 

155 

1.09 
1.5-1 

128 

.87 
1.18 

100 

1.09 
1.48 

543 

2.87 
3.11 

110 

2.75 
2.42 

15(0 

2.8(0 
2.73 

260 

Z. 

Literate 31% 23% 24% 15% 24% 57% 59% 58% 
N 50/162 36/158 31/128 15/100 132/548 63/110 89,151 152/261 

Male Schooling': 

3 
SD 
N 

1.18 
1.74 

119 

1.13 
1.57 

126 

2.05 
1.9-1 

95 

.75 
1.2.5 

8-I 

1.28 
1.71 

424 

3.70 
3.3.) 

102 

3.82 
2.85 

125 

3.77 
3.10 

227 
Male Literacy: 

Literate 
N 

39% 
52/133 

39% 
54/139 

53% 
54/102 

28% 
2.5/9( 

43% 
185/464 

76% 
81/106 

78% 
98/126 

77% 
179/2.32 
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toci 
Table 6-1 displays mnean values of selected demographic and so

ciOCcOilic varitl)les escril ing thme used in ti'k study. Av-
N- crage female age inl tht rural sample is :37 years, vhile it is 34 years 

in the semni-uram sample. Males average 41 years in the rural, and 

c. i m C.01 3 C 13 -
39 in the semi-url)an s:!mple. Average number oltciildren-ever-born
is5.72 in the rural, and 4.64 in the -mi-urhan sample. Figures f r 

..... i -completed parit' are 8.62 and 7.(X) for rural and semi-urman, re

spectively. Child mortality rate is 19 percent in the rural and 14 
percent in the selmi-urIban sample. 

tn- - 4 
i 

-- Only albout one burth of the rural tI.'male iespondmlts art literate,cOmI)ared with over half the selmi-irl)an feinmales. In both samples 

literacy figures ar- higher for mahs-40 percent in the rural, and 77 
prcent in the semi-urban, sample. In both samples the average 
number of grades of schooling completed is low for all: 1.09 for 

1-
-f -for fi inales, and 1.28 for males in the rural; 2.80 for fimales,males in the sermi-uirban sample. and 3.77 

x ,--4 t Variables 

The nain exogeous and endogen us variables are briefly de

%E 

0 

-

scril)ed b)elow: 
l'e'thl age, measured itsa continuous variable, is used as a comi

- - - - " trol for the eflect of age on the endogenous variables. Since data oil 
-2 

I 
duration of union are unavailable, lmlalk age 

exi)osuire to pregnancy, in relation to e'rtility. 

is used itsa proxy for 

lrbatnization is measured as a dichotomiy denoting rural versus 
R S R A p seihiira residence. 

Child mmotality is measured in termis olthe proportion ofchil(ren 
born that have died, as compared with the total number of live 

I 11-C 3 9 -Mr t.-child) 
births. The data do not allow specificatio 

mortality. 
of imlaimt (as distinct fioiiu 

P'ltema/ aid malt, e'ducatiotn is measured in terms of literacy. Lit
eracy is a se f-report al)out whether the subjvct reads and writes 

.U_ well, a little, or not at all. it is used itsa dichotomy where zero is 
.-.r .. assigned to the two first answtr-categories (reads ald writes itlittle 

~Income 
-_ or not at all) and one to the last category (reads and writes vtl). 

is definled its per Capita inicomne derived fromi hoiisehold 
- "- total iicome. Hlousehold total income is the slim of(1) total agricul

"--
- - - , tural production in average 1974 prices; (2) total salaries and wages

earned by all household members in 1974; and (3) net iuconie 
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earned by al. household members from :ctivities in 1974. Unit of 

measurement is a quetzal (1 quetz: -= $1). 


Land-owine'shilp means total land owned by the nuclear (and ex-

tended) family. Unit of measurement 
is a cuerda (1 cuerda = .044 
hectares). 

Feniale labor-jiorce particip~ation is measred in ternis of' total 

hours worked for pay dung 1975-tb1976-ferdu'inpaid femalet~mal work ontl
195-176hous wrke pa -tbrpai wok oly;itein! 

thus, it measures the degree to which a fenmale is engaged in wage 
work. 

Family type is measured as the ntber of fcleartiliessharing 

the same ousu . It thus measures the territorial aspect oflnily type

sharing income). 


Type of economic productionis measured as a categorical variable: 
(1) wage-laborer, (2) subsistence ftarmer, (3) semi-commercial 
fiarmer, and (4) commercial flirmer. Aamnily is defined as "wage-
laborer" if it reports no agricultural production, but derives its total 
income from salaries, wages, and nonagricultural activities. Subsis-
tence farmer includes some agricultural production; families in this 
categery sell none of the produce but do hire labor. The semi
commercial frirmer family sells somc of its agriczmltural production 
but does not hire labor. Commercial farnmer fanmilies do both-sell 
agricultural production and hire labor. 

Fainly-planningknowledge, attidivs,and practice (KAP) is inea-
sured as a simple additi.e scale: (a) whether the respondent thinks 
that women ought to have all children that come, or should do 
something to limit the number; (1 knowledcge of a specific wy to 
limit the number of chiidren-coded as (0) no knowledge, (1) 
knowledge of a "traditional" method, and (2) knowledge of a "'rod-
em" method ("traditional" = herbs, rhythm, lactation, withdrawal; 
moden" = pill, condom, diaphrai-u, anidior going to iiunily-

planning clinic); and (c) whether resjlmdeit does or does not prac-
tice a method. The scale ranges front 0 to -1 0 indicates a position of 
low pro-family planing and 4, higher pro-tuuuilx planning. 

This 'amily-plam'ng KAP scale measures the respondent's overall 
funily planning position, but not the intensity of fiamily-planning 
KAP within "traditional" and "modern" dimensions. 

MAedefienwle communication is measured as a simple additive scale 
of fbur items. Two are the female respondent's report on whether 
she had (a) talked and (b) agreed with spouse about the number of 
children desired, the other two are comparisons of (c) male and (d) 
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female respondents answers to a question abmt li,,w many addi
tional children they want. This scale ranges fromi 0 to 4 with 0 
indicating low, and - higher, inale/tenale coinininication. 

This scale focuses on one aspect of intra-couple cy-unica
tion-namely, the anily-size preference, inily-planning aspect. 

Perceiced child utility is measured by means of (lestionnaireonl ft.'ale respondent's perceptions both about her children's 

ity on gnal andents perts th ait er clrns
utility in general and as old-age security. The basic idea is to cunt 

how many times the respondent mentions children during the inte'r
view. This scale is adapted fiom a similar scale developed by Eva 
Mueller (1972). The assumjption here is that respondents who men
tion children a, useftul in several diflerent contexts (and questionnaire items) are women -who perceive and desire greater "utility"from children than do responlents who mnention children fewer 
times or not at all. 

The child utility scale, derived fromn ten items, ranges front0 to 10 

in value, with 0 indicating a low and 10 a higher-erceived utility. 
Fertility is measured as the "otal number of children-ever-born. 

Results 

Tables 6-2 through 6-4 display results of the empirical analyses. 
Table 6-2 shows mean and standard deviation of variables. Table 6-3 
presents estimated OLS coeffiients using the methodology ofstruic
tural equation model estimation. Table 6-4 displays OLS coefficients 
from a reduced forrm equation-that is, estimation of certain direct 
effects on fertility. Figures 6-1 and 6-2 give the results ofTable 6-2 in 
the form of a path diagram. Estimated coefficients here are reported 
in both unstandardized and standardized firm. Unstandardized 
coeflicients give the change in the dependent variable fior a one unit 
change in the predictor variable. Standardized coeflicients yield the 
expected number of sample standard deviations-change in the de
pendent variable that would be expected from one standard devia
tion change in a given predictor variable. 

The significant results can le briefly summarized as fllows. 

Literacy and Fertility 
We found fiemale literacy to have a ftrtility-reducing effect in both 
the rural and the semi-urban .mples. Our results indicate that
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Table 6-2 Mean and Standard Deviation of Variables in Children-Ever-Born 
Model (Literacy as the Measure of Education) ] 

Ir. 
3 

I-
" 

I 
I 

a 
7 

Z 

ur Sei-Urban I I I 
N= 3() (N 91) Z -

7 SD 7SD-

Age of Female 

Literacy of Female 
Income per Capita 
Land Ownership 
Female Paid L4,lor (hirs.) 

Family Type 
Parity (cildrie-cvcr-bon ) 
Family Planning KAP 
Male/Female Communication 

Perceived Child Utility
Child Mortdity 
Village l)nmmny 1 
Village Dummy 2 
Village Dlunmy 3 
Village Dunmmy 4 
Utertcy ,f Male 

34 

25 
115 
50) 

535 

1.29 
5.0 

1.43 
1.88 

3.35 
18 

.26 

.32 

.19 
-
.40 

10 

.43 
140 
100 

1025 

.53 
3.35 

1.36 
1. 13 

2.21 
20 

.4-1 
.47 

.39 
-
.7.1 

.35 

.SS 
237 

2 
612 

1.33 
4.92 

2.hO 
2.49 

3.13 
16 

-
-

.315 
74 

13 

.49 
I13 

9 
1192 

.65 
2.56 
1.33 
1.20 

2.13 
19 

-

.49 
44 

-Zi 

7 

-

a. 

"= 

-

-
. 

C" 

ci ci 

I 

I 

I 

I 

I 

c, 

i 

I " 

C 

-

I 

I 

l 

'2 
I 

-

_ 

-

-

I I 

-
-

X 

I 

C 

. 

-

-7. -- .- -I 

even in the relatively isolated rural communities in which the aver-
C', 

age level of schooling of adults is only one or two years of pri mary
education-being literate does adfect one's f'ertility attitudes and
l)ehavior (controlliug for other variables) so as to create an incentive 
for smaller fiunily size. 

a 
. 

-
C , ' 

" 
I I 

-

We would like to note that, in the rural sample, the Iirtilitv-
reducing ettect of' female literacy is (lirect-that is, tlhc elect of* 
literacy on fertility does not operate through the three intervening
variables (fihnily planning KAP, male/imale commnication, and , 

t 
t- -: 

I 

>-'. 
, 

C 
7. 

5I 

I 

_i 
" 

perceived child utility) included in our model (F;gire 6-1). This 
mneans that in our analyses fenmale literacy influences fiertilitv 
through intervening variables not included in the model. An exam
pIe of'an intervening variahle :. t explicitly included in our model is 
a mother's aspirations and expectations for her child's sehooling and 
ftture employment. It is likely that parents' aspiruitions for children 
increase with parental .d,,catinal attainment (Wright, 19..65; 
Shortlidge, n.d.). It is likely also that a mother with greater aspira-

" 
_ , . 

-

-

-
" " " 

tions for her children's schooling perceives greater costs of child- - - -
-

-
-

- -
rearing and therelore has fewer children (Becker and Lewis, 1973; C -DeTrav, 1973; Simon, 1974; lHolsinger and Kasada, 1976). -1C < " - L L > 



Table 6-3 (Continued) 

Parity Equation Perceived Child Utility Equation 

Ru,al Semi-Urban Rural Senm-Urban 

b beta b beta b beta b beta 

Male/Female Communication -. 209 -. 070 .057 .026 - -
(-1.70) (.30) 

Child Utility .180"* .119 .318** .264 - -
(2.94) (3.28) 

Child Mortality .026** .155 .007 .056 - - -

(3.74) (.76) 
Constant -7.50** - -6.47** - 2.01"* - 2.84** -

R2 (-5.66)
.58 .61 

(-3.55) 
.12 

(3.28) 
.28 

(3.32) 
_ 

R2 adjusted .57 .56 .09 .22 Q 
SSE 133 229 1316 294 
DF 295 80 298 83 a. 
N 308 91 308 91 

MahlFenmale 
Comnmunication Equation 

Faily Planning 
KAP Equation 

Rural Semni.Urban Rural Se-tUrba, 

b bta b heta b beta h beta 'E 
:r-

Age of Female -. 004 -. 032 -. 045** -. 501 -. 032** -. 229 -. 045'* -4.53 :2 

Age of Female Squared -
(-.55) 

.- -
(-4.33) 

- -
(-4.04) 

- -
(-4.31) 

-
Literacy of Female .055 .021 .272 .113 .233 .074 .583* .199 

(.37) (1.06) (1.36) (2.02) 

Liad -. 001 -. 057 .019 .1.38 .001 .083 .001 .063 r 
(-.8) (1.17) (1.45) (.59) 

Land Squared ...- - - -
Inconie per Capita .002* .1,38 -. (X)4* -. 638 .01'** 146 -. (XX -. 066 -" 

(2.,38) (-2.04) (2.58) (-.67) 
Femald LAx)r Force (XX) .074 .W0) .192 .000 .040 -. (XX) - .0( 

Participation (1.19 (1.87) (.68) (-.93) 
Family T.)e .15,3 .072 .2.35 .128 -... r

(1.27) (1.25) 
Village D1ummy 1 -1.49 -. 055 - - - .156 -. 050 - -

Village Dz. ammiv2 .1W) 
(-.78) 

.079 - -
(-.73)

.503** .172 

(1.08) (2.45) 
Village Dummy 3 -. 503* -. 175 - - .157 .045 - ' 

(-2.37) (.63) 
Vi, Dummy 4 - - .234 .096 - - .737** .269 

(.96) (2.89) 
Family Plumning KAP - - - - . -
Malte/Femnale Con mmnicat ion - -.. . 
Child Utility - -.. .... 
Child Mortality - -.. .... 
Consmat 1.72'* - 3 97** 2.06** 3.96** -

R2 .08 
(5.39) 

.26 
(6.65) 

.13 
(6.45) 

.33 
(9.29) 

R 2 adjusted .05 .18 .10 .28 
SSE 360 96 498 108 
DF 298 82 299 84 
N 308 91 308 91 

Sp! .05 * p .01 



Table F-4 OLS Coefficients: Reduced Form with Children-Ever-Born as Dependent Variable, Dummy Variables to Control for Effect of 
Familial Mode of Production n (T-statistics in Parentheses) 

Rural 	 Seni-urbau 

1 2 3 4I 1 2 3 4 

Age of Female .503* .553* .569"* .564* .381** .387** .389* .392** 
(12.40) (13.81) (14.43) (14.21) (8.55) (8.66) (8.79) (8.81)


Age of Femiale -. 005 -. ()5"* 
 -. 005"* -. (X)3** -. (X03"* -. 003** -. (X3**

Squared (9.22) (10.49) (11.02) (00.78) (5,85) (5.82) (5.98 (5.92)


Literacy of Female -. 451 -. 511 -. 5.!3* -. 595* 
 - 1.11" -1. 11* -1. 16* -1. 16* 
(1.63) 	 (1.79) (1.9'w (2.() (4.48) (4.43) (4.68) (4.63)

*Village Dummy 1 -. 874 -. 85** - 1.(i - t.(Ki* .... 
(2.52) (2.78) t3.(X)) (3.01)
 

Village Duumy 2 -. 1.53 -. 0913 -. 217 -. 244 -...-
 -

(.45) (.26) (.62) (.69)
 
Village Dummy 3 - 1.16* - 1.32"* -1 3-1** - 1.44* 
 .... 

(3.17) (3.54) (3.60) (3.85)
 
Village Dummy 4 
 .-	 - .045 - -. 040 -. 115 

(.17) (.16) (.46)

Economic Moile 1 - 1.53"* .... 669 
 .453 - 

(5.11) 	 (1.87) (.97) 

Table 6-4 (continued) 	 F 

flura 	 Sedn.urba T 

1 2 3 4 1 2 3 4 

Economic Mode 2 - .578* -	 -	 .453 - 
(2.07) (.97) 

Economic M(xe 3 - - .447 - -	 .082 (1.62) 	 (1.401) 
Economic Mode 4  - - .211 -	 - .178 

(.79) (.184)
Constant -5.3,3' -6.76** -6.97 -6.82"* 3.3** -4.07** -4.07** -4.10* 

(6.07) (8.00) (8.21) (8.05) (3.32) (4.42) (4.43) (4.44)
12 .50 .48 .47 .47 .53 .53 .53 .53 
R2 adjusted .4R .47 .47 .45 .52 .52 .52 .52 
SSE 322 3363 3374 '389 59 869 865 872 
DF 493 493 493 493 241 241 241 241 
N 501 501 501 501 247 247 247 247 

* p * .05 p - .01 ***p .001
 
a Each of the four familial production mode variables are entered in equation separately as follows:
 

I = wage lalbr 3 = semi-commercial fia-mer 
2 = subsistence farmer 4 = commercial fanmer 
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In the semi-urban sample, the fertility-reducing eflect of female 
literacy operates through one of the model's intervening variables: 
perceived child utility. This may mean that (in the semni-urban cii 
text) literacy reduces the perceived material benefits parents ex)ect 
from children. Also, literate parents, more than illiterate parents, 
may perceive more costs associated with childbearing. Other ema-
pirical studies using urban data from less-developed countries have 
fbund a similar, rather strong, eflict of education on child utility 
(Mueller, 1972; Chang, 1976; Mueller and Cohn, 1977). 

Inconme and Fertility 

Income per capita is found to have a fertility-reducing etfct-
operating through perceived child utility-in our rural sample. No 
effect of income on fertility is observed in the semi-urban sample. In 
the rural sample, the fertility-reducing eflect of income shows that 
increasing income per capita leads the female head of ftanil2 to 
expect less material help from her children (and thus, less need for 
many of pring). We can argue then that, at least to a certain degree, 
income substitutes for children in the rural context of' LDCs. 

Although a controversy exists in the literature about whether in-
come tends to reduce or increase individual fertility in LDCs 
(Simon, 1974), our finding is similar to what has been noted I, -:me 
others using LDC data (Mueller, 1972; Mueller and Cohn, 1977,. For 
example, the Value of Children Project (Arnold et al., 1975) has 
found that the index of expected economic help from children used 
in that project is in general inversely related to socioeconomic status 
of family. 

Land-Ownership and Fertility 


We found that land-ownership has both a direct and indirect elt'ct 
on fertility in the rural sample, but no effect on fertility in the 
semi-urban sample. 

The direct effect ofland-ownership oil fertility is curvilinear in our 
rural sample. In other words, itsthe family acquires more land (or 
wealth and resources in general), its fertility increases initiily but, 
after attaining a threshold-level of wealth, fertility starts to decline. 

The above finding is very relevant to the existing debate inthe 
fertility-determinants literature oi whether land-ownership induces 
or reduces individual fertility in LDCs (Ajamni, 1969 and 1976; de-
Janvry, 1976; Stokes et al., 1979). On one hand, some argue that 
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land-ownership increases oil tihe other otherl'.,rtilit,' hand, re
searchers maintain that lad-ownership reduces fertility. Our results 
suggest that it is not one or the other, but rather !both. Initially, 
increases in wealth induce fertilitv (because of improved fecundity 
and enhanced capacity to aIlbrd chlidren). Inthe long run, however, 
and when a certain level of wealth has been attained, further in
creases in wealth tend to reduce fertility. 

In our analyses land-ownership is found to have an indirect 
fertility-reducing eft'ct, operating through perceived child utility: 
this is inaddition to the observed direct fertility ettict in tile rural 
sample. Thus it seems that land-ownership, like per capita income. 
tends to be a substitute for children in representing general social 
and old-age security for rural areas of LDCs. This is to be expected 
since, in inan" ways, land-ownership seems to be a more reliable 
source of genteral social and old-age security than are children, Ater 
all, children die, move away, and may not be willing nor able to 
support parents. 

Mode of Familial Production andFertility 

Prior to the analyses presented in the tables of this chapter, some 
cross-tatlations showed that wage-laborer families have consis
tently lower parities and perceived child utility than do the diflerent 
categories of farmers, inboth our rural and seini-tirban samples. For 
exampi)le, in the rural sample, average ntumbller oftchildren-ever-born 
at completed iarity (fto! women aged 45-55) is 7.4 for wage-laborer 
families, 8.7 for subsistence thrmoer itinilies. 9.2 fior semi-comnmnerciad 
frmer tiumiiie:;, and 8.3 for coininrcial farmer fimilies. 

In order t-. assess the effect on lertility of mode of linmilial produc
tion, while controlling tie effects of other variables on fertility. OLSregression analvses were undertaken. An example of these results is 
displayed inTable 6-3. Note that in an elhrt to control for multicol
linearity, the reduced-form equations are reestiinated with each 
production duilmy variable in the equation, one at a time. Table 6-3 
shows that mode If tinmilial production affects f'ertility in both rural 
and semi-urban samples: For both samples, belonging to a wage
labor family has a fertility-reducing eflect. whereas belonging to one 
of the fitriner categories tends to increase fertility. This is an impor
tant result, since not much is known about how and wiv individual 
demographic behavior varies by mode-of-production groups (Ajami, 
1969; Mueller and Cohen, 1977). 

Our resuts suggest that, in both the rural and semi-urban con
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text, if a family derives its income fron wages rather than from 
selling produce, then on the average that family tends to have fewer 

children. Tht most common way to e. ,..,inthe lower fertility of 
wage-laborer faimilies is by compa- 'g the lesser reliance on children 

as labor sources by wag -laborer namilies, with the greater need of 

ftrmners for as many hands as possible to carry out the many labor

intensive ftrm tasks (Mamdani, 1972; White, 1976; Folbre, 1976; 

Nag, Peete, and White, 1978). 

O 
In addition to the observed efects oi fertility of f'male literacy, 

famil> economic production, and perceptions of child utility, we 
found that certain other variables showed a consistent eflect on fcr-

tility. These variables are: female age, community of residence of the 
individual ftmnily, and child niortalitv. 

The strong association between female age and fertility is ex-

pected, reflecting as it does the importance of life cycle. Residence 
in a particular community affet's fertility through p'rcelptions of 

child utility; residence in (rural) Villages 2 and 3, for example, im-
.reases perceived child utility. Itis interesting to note that these two 

.ommunities differ frcmn the other rural villagt-s in that al income-

generating activity is available illVillages 2 and 3 which requires a 
large quantity of labor but relatively little physical strength-that is, 

an activity easily perfbrmed by children. We suspect that tile avail-

ability of income-generating activitit s for children inthe comiminiity 
at large increases parents perceptions of child utility and, sub-

sequently, affects fertility, 
-And last, we would like to note tile relatively strong association 

in our rural sample between child mortality and fertility. This result 

coincides with a large body of ev idence sugtesting that parents in 

LDCs choose to have several childrenu partially to replace those who 

may die, and also to insure that a certain m bller will survive to 

support the parents in old age (Schultz, 1976; Preston, 1978). 
In summary, we found that the most consistent, significant ftictors 

affecting individual fertili!t are feemale literacy, family economic 

production characteristics, and tile female head of fainily's percep-
tions about child utility. Note that, of the intervening variables con-

sidered in this study (fainily-planning KAP, male/female couluui-
cation, and perceived child utility), only perceived child utility 

shows an effect on fertility. In terms of total effects (adding direct 

Education. Family Economic Production, and Fertility 

and indirect effects), in tile rural-area, mode of production-that is, 
to belong to a wage-laborer faiily-l)roduces the largest fertility
reducing etlect. Of the socioeconomic variables in the semi-urban 
area, female literacy shows the largest lertility-reducing eflect. 

Conclusions 

Ve have reported results frtom analyses of determinants of fertility 
tsing cross-sectional liousel,,ld survey data from fi)ur rural and two 
semi-urban Ladino communities in Gitiemuala. The focus has been on the role of education ct" female head of household and tlunilial 

economic production oil numnbr of children-ever-born. We have 
looked at the effects on fertilitv of education and familial economic 
production in the context of a path mudel of socioeconomic and 
attitudinal variables and fertility. 

The most consistent fictors that affected fertility at the level of the 

individual taunily were found, i;ithe rural sample, to be female 
literacy, fanmily ecolMonic production, and female head of fimily's 

perceptions of child utility. In tile Semi-urhban sample those ftictors 
were female literacy and perceptions of child utility. 

It would appear fronm our analyses that flmilies in LDCs have 

mnanyv children-mainly for socioeconomic reasons, and because 
eaus of production and protection. Ourchildren are perceived s a 

results suggest (as has been suggested elsewhere in the fertility

determinants literature: see Mnamdani, 1972; Caldwell, 1976; 
Folbre. 1976; \Volfson, 1978)that the relatively high fertility found 

in LDCs is in large part economnically rational behavior, given the 

context and alternatives available to the majority of tmnilies inthese 
countries. 

That we find feInale literacy to have a fertility-reducing eflect 

controlling for siioeconoimic status is important, for it suggests that 

even when womenimay appear to have little use for scheuoling and 

literacy, literacy in fact does afflct the lives of wonen. and families, 

in critical ways. Considering that, worldwide and on every conti

ilent, tile majority of the illiterate are women and that the situation 

is not really improving (Newland, 1979), there is an urgent need to 

increase radically efforts a,'d resources for women's schooling, par

ticularly in rural areas of LDCs. 
Our results indicate that in tile long ron the improved socioeco

nomnic condition of the family will contribute significantly to a de
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crease in fertility. These results accentuate the importance of indi-
rect (rather than direct) population policies. Direct policies-lthat is, 
family-planning programs--do have a role to play in populatioiI 

pi toi such as thepolicy, l)t in coninection with indirect policies its eBECKi-R. 

following: 

1. 	 Improving access of females to schooling and literacy. 
2. 	 Providing parents with ways of uiaintaiiiing or increasing 

production that do not depend on children's work. Such mea-
sures its, for example, increases in wages and in the capacity 

of small-scale farmers to I ecOure more productive aild to sell 
at better prices will make it less niecessarv f')r lower-income 

wage-laborers and tarmers to rely on children f'r production 
of goods for supplementary consumption, within the house-
hold and for exchange (to he sold in thc market).3.hPovding forexcant w t al e so urcesmof keti t(October 

3. Providing parents wvithj ailternative sources of' security, other 
than children, (a) by reducing the high degree of"insectiritv of' 
disadvantaged groups in LI)Cs and (b) bV improving access to 

difrn-bm fsca euiy tl mep~yet he~alth,
different forms of social secutrity: for ontyrnVrinki e 
anC old 

4. Improvi.ig female status iii traditionaly feminine roles and 

providing alternatives to those existinrg roles. The p~urpose is 
to facilitate women's daily production activities within and 
outside the household, and to increase women s control over 
the income/wealth that women generate (Dixon, 1978). 

U ltiimately. the p~urptose of jiprlutiril pl icy oiiglit In be tol1o-
mote woiieiis and met's capacity to control their ownIlives better 

and to choose when and whether to bear children. Providing kiowl-

edge and access to contraception is not tie only aniswer; it will take a 

combination of nCasures designed to improve women's status, tlte 

socioeconomic condition of"tile family, and to provide fatmily plan-


ning in the context of, fiuly health care (Tha liarr, 1971. 

McGreevev and Birdsall, 1974; Wolfuson, 1978). 
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Chapter 7 

TECHNICAL APPENDIX SYNTHESIS OF FINDINGS AND 
POLJCY IMPLICATIONS 

by judith B. BalderstonThe model in Figure 6.2 can be written out as the following set of 
structural equations: 

Xm = a,, + p,,,X,, + ,,.,._.. + p,,4X4 + + 117X7, + 91!.Xg 	
Chapter 1 began with the theme that, for better planning, we need

1311.,X. more knowledge about several aspcets of rural povert-N. \Ve sug
+ Eiji 	 gested that research could disentangle relationships among the conditions of poor health, poor diet, illiteracy, overcrowding, and law 

Xli = a,, + 61,,X, + [3 ,.,1 + f 4X4, + 131,5-X51 + )3127X71 + fmXi 	 munities throughout the world. We discussed the need for investi
tpioductivity that characterize the lives of many in poor rural com

+ 81,.,X!,, + 61,.1,,X1(i + E,., gation, separately within biological, social, and economic areas, and 
+, . ++XT,3 = a ,3 + 31X + 1 f..X., 4 i +31,,X+ I3,,VX. + 8 

3 X7, + f,:!!	 also where they intersect. Such understanding, we suggested, could1 9 X:,, help planners and policy-makers in choosing how to allocate 
+3 +/31no~ln + t~tisources. 

re
,:,ioXi + Eri In this final chapter we want to summarize the most important 

X = 9, + 6 1 A,, + f3,.,z2n + JS1.. , + 1,6, 4 X i +3 ,1:5X51+ [3,:,X"i6 findings f'rom the Berkeley group's analysis of data collected in tiheGuatemala experiment-the subjects of Chapters 3 to 6. By drawingtogether results of these four sub-studies we show interrelationships 
among the parts as each affects the well-being of children andftamilies. We sh'all discuss methods of intervention to improve well
being and suggest an ordering of interventions and an intergenerational time table. 

Information firom such a microstudy, of course, is only one com
ponent of policy-nmaking. Specific policy interventions depend onassessing institutional conditions and human needs, on the costs of 
alternatives, on agreement on goals and objectives, on the role of 
government responsibility, and on the preferences of decision
makers. Policy interventions in any one particular case should de
pend also on the resource base of that society and on the degree of 
urgency for development. Although studies such as ours are useful 

176 
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in helping peopie choose wvhi'ch decision may he made, actual dei-
sions and implementations are suhjett to a variety f econflic and 

political factors. 
We also recognize that, although we have dealt solely with a study 

conducted in Guatemala, the icsults, in part, can be generalized to 

other, similar environments. Biological relationships appear to Le 

of a general nature while ecovomiC, social, and cultural factors 

tend to he specific to theii eviroumnent. Translation of'our results to 
any other settiag would require knowledge ofconditims within that 

'etting. 
In spite of these constraints, we fe el obliged, as careful observers 

of the extensive aid lengthy ,xperiment and data ,ollectin in 

Guatemala, to discuss the policy implications of our findings a: the 

micropolicy level. Extensi~i of our results to the inacrolevel or to 
the dynamics of the longer run necessarily weild have to be the 
subject of other work. 

Programs may be conceived in response to one or a combination 
of' several goals-increasing productivity and economic develop-

ment, providing basic needs fiuthe poorest members of society, 

redistributing income, equalizing oppXortunity-and these programs 

may take the fbrm of single or multiple interv, itions. Recent \v, x 
in the international d,'velopmieent field emphasizes the need fur inte-

grated planning to achieve multiple goals. The World Bank (1975,
1980) has consistently argued that interventions be integrated ior 
greater efficienlcy. \Inch rec-it work in nutrition and health plan- 

ning, demography, economics, and rural development has asserted 

that effective decision-making req!!ires multisectoral planning. 
Linkages bet,.w"'n iutrition, health, and popuilation (Winikofi and 

Brown, 1980), the role of health in development (Grosse and liar-

kany, 1980), and health in the assault on poverty (\IcE'ers, 1980) 

have been the subject of rectnt reviews. In the demography litera-

ture (Leibenstein, 1974; and Easterlin, 1977) a recurrent theme l:as 
been the recognition that, if family planning is to be ,cCepwd, 
change must take place in the basic economic conditions of the 

family as well as in Cie survival rate of children. The Narangawal
population study in India tC. E. Taylor et al., 1975) has sl.own that 
receptivity to family planning is greater whiien tfaiily-llanning 


promotion occurs in conjunction with nutrition and health inter-

ventions. Nutrition planners (see, for exampl, Berg and Muscat, 
1973) have argued for a systems approach, recognizing that nutrition 

is connected to many other sectors inia complex set of relationships. 

Synthesis of Findings and Policy Iplications 

Education-planning linkages to nutrition have been explored only 
recently (see Mulishkin, 1979). 

But integrated planning is fraught with dilliculty. Johnston (1977), 
reviewing the pursuit of iutlltiple objectives inifod, health, and 

population planning, discusses how hard it is to achieve integrated 

planning 11nd resource allocation because objectives, means, and 
constraints are so interrelat,, and sometimes conflicting. To design 

strategies means making hard choices; resources are limited and 
consensus about public priorities is diiicut to achieve. II nutrition 
and family planning, for exjnple, numerous interventions were 

wr 
fadilurt s-and these failures disillusioned many decision-imakers. 

\When planning demands coordination among several sectors, 
even greater difficulty arises. Johnston recommends the careful 

study of alternatives through evaluating field inter\entions and re
viewing the experimental evidence accumulated in mnicrostudies. 
(See also Johnston and Meyer, 1977.) Johnston cautions that, be
cause of the larg,' number of interacting variables, clear-cut answers 
are not always available. Ile recommends involving so(ial scientists 

th planners inall the separate phaning sectors.
 

Recognizing that it is theoretically desirable to integrate progamns 

has, thus far, had very little influence on the behavior of bureau

cracies. It is hard to think of situations in which bureaucrats voluntar

ily have shared budgets with other sectors. While schools do offer 
lunch programs-shown to le of limited nutritional consequence
(Reed, 1973)-preschool nutrition or health programs wIl.ich could 

significaty diect suhsequnt school!perf'iOrvince have never been 
recommended by education planners. It has lecome more popular 

to push for joint rural development and ionftrmal education pro
grams: rarely, however, has the contributiou ofeducation to agricul

tural efliciency been stressed outside academic literature. Hlealth 
ministries almost never address malnutrition problems, prelerring 

to concentrate on providing health-care facilities. Since bureauicrats 

are seldom rewarded for efforts that cross sectoral lines or require 
lomg time-horizons it appears diflicult indeed to try, restructumring 

bureaucracies and their methxls of allocating resources, in the light
of multiple objectives.

Moreover, unresolved arguments remain: What is properly of 

public concern, and what should be left to the consumer and the 

private sector? When resources are scarce, as they almost always 
are, governments are unlik"y to take on additional areas of public 

responsibility. Sectors such as education and health traditionally are 
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public while others, such as nutrition and family planning, are left to 
individual choice and the consumer's ability to pay. 

In sum, bureaucracies that want to initiate plans in response to 
multiple goals will have to agree onl objectives and on methods of 

allocating resources. Understanding the value of trade-offsbetween 
areas-how response to one program might affect outcomes in 
another-must become an important part of the decision process in 
increasing the effectiveness and efficiency of programs. It is to in-

crease this knowledge that our results arc presented. 

Research Results of the Berkeley Study 

In 	this section we summarize findings of the Berkeley Project on
Education and Nutrition, ;dentit-,ing linkages between parts of ourstudy and pointing to those results that may be most significant forsignificant 

olicy purposes. Because of the wide range of data collected by 
INCAP and RXkND on families and individual children in the four 
villages, we have been able to go beyond the questions that origi-
nally engaged us-of nutritional effects on school performance-to 
investigate relationships that connect nutrition, schooling, work, 
family size, and agricultural production. Analytical results obtained 

from these investigations make it possible for us to integrate our 
findings, providing information necessary for formulating consistent 
policies. 

Chapters 3 through 6 present four related but separate studies 
that used information that INCAP and RAND collected in the four 
villages. The most important results will be summarized in this 
chapter. Each set of statistically significant findings, we believe, is 
important and robust, for both research and planning. 

In 	addition to the separate findings of each of the studies (the 
longitudinil models on child nutrition and growth; and the three 
cross-sectioiial models on schooling and work, literay and agricul-
tural efficiency, and literacy and fertility), we suggest that results of 

the four studies can be viewed as an integrated whole. The studiesll ase r vllaesental 

are related not only because~ all are based oi the same f0ur villages, 

but also because the variables themselves measuire conditions that 

are interrelated in the lives of the villagers. 


We must caution that, although we shall seek to integrate the 

findings, we did not combine variables from the four parts of tie 

analysis into one complete and comprehensive model. Limitations of' 
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time and available computer space precluded this. Besides, con
straints imposed by missing patawold have made it impossible to 

construct one intergenerational model that would include a lill set of
economic, biological, psychological, and educational variables. We 
relied instead on carrying out separate studies based on sets of data 
that were similnar inimportant characteristics. Following these sepa
rate analyses, we were then able to relate each set of results to the 
other sets. 

Summary of Findings
 

Froin the series of estimations using longitudinal models carried out 

by Alan Wilson in Chapter 3, we have seen that: 

effet 
on growth in weight and height. The most significant sup
plementation effect was to increase the proportion of diet 
drawn from protein sources. Protein supplementation sho,,i 
a strong positive effect on growth, especially up to 48 months. 
Diarrhea affects annual increments of growth negatively, as 
do other forms of illness, especially in the Fresco villages. 

2. 	 Combining calories and protein from both home diet and 

both kinds of supplementation shows that there is a significant 
effect of protein on growth that appears between ages 12 and 
36 months. Again we see the consistent negative effect of 
diarrhea upon grcwth. 

3. 	 A highly significant positive relationship between height and 
verbal development shows up at -allages. This is the most 
important result of this section: Taller children do better on 
verbal tests, controlling for wealth (CONSUMP is a factor 
score Of family possessions). CONSUIP 
predictr. VerLI test scores are related to sex (girf do better 
phan boys), o crs a di s e (cildetr 
nuclear families do worse than others); and positively to par

ear lie d morenta rs and ofaly size
literacy and modernity backgrounds and to family, size 

(especially where there is a higher proportion of older family 
members at the time of the subject's birth). 

4. School enrollment is ositively affected by verbal factor
 
scol byeollmesex, by height,s by the numnberafeced ofbyoverbligoyounger siblingsscores, t te 
at the time the subject is six, by parental literacy and moder
nity, a;..!by occupation of mother, but not of father. 
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5. 	Verbal factor scores have a highly significant positive effect on 
teacher-assessimnts of a child. Concurrent diet has a substan-
tial, 	and very significant, effect upon teacher-assessments. 

6. 	 Among factors that appear most influential on height, weight, 
and verbal development, there is a strong sequential 
influence from one period to the next. Such measures show 
stabilit, from one period to another. 

7. 	 Mother's attendance at the supplementation center is a strong 
determinant of child's intake of supplementation, particularly 
in theAtole villages. 

From cross-sectional analysis carried out by Judith Balderston arid 
presented in Chapter 4, it wts seen that: 

8. 	 When family's need for the child's work is the same, taller, 
healthier children are more likely to attend at least a |hill year 
of school than are smaller, less healthy children. 

9. 	 Children from more affluent farming families work more (and 
-alsogo to school more) than children of the less affluent. This 
may be the result of the need for children's work (because of 
larger landholdings), but also it may show that more vigorous 
children engage in greater total activity. 

10. 	 Earlier-born children are inore likely than their votiliger 
siblings to attend school. Children of I:,rger ftimilies are less 
likely to attend than children from smaller ones. 

11. 	 Parental literacy positively alects :chool attendance and 
achievement of children. Parental literacy is positively related 
also to affluence. 

12. 	 The opportunity for childrei to engage iii paid work in coin-
mercial cash-crop productoi is inimportait determining 
high participation in the labor market and low participation in 
school. This is especially evident in Village 2 where, during a 
severa,-year period, school participation is relatively low 
compared to the other villages, 

Maria Freire's analysis, presented in Chapter 5, showed that: 
13. 	 Literate farmers are more produtive than those who are 

illiterate. Literate farmers use more chemical inputs and raise 
relatively more cash crops. Even after controlling for ch.Ili-
cal inputs and kinds of crops grown, education was a 
significant factor in explaining variations In output. 

14. 	 The impact of education oni productivity appeared to differ 
among farming groups. Literacy made the greatest difference 

Synthesis of Findings and Policy Implications 

for the middle range of farmers. For commercial farmers, 
productivity appeared unaffected by the amount ofeducation. 

15. 	 Production of traditional crops appeared to be less afliected by 
litera, :,!"t-1, !'",.er than was the output of crops for which 
innovatien in planting and fertilizing is ofinportance. 

Mar Simonen's analysis in Chapter 6 showed that: 
16. 	 Female literacy was foud to have a significant, direct, nega

tive efliect on fertility (children-ever-born) while male literacy 
was fioud to have no ef -erct. 

17. 	 Lnd ownership (wealth) was found to have a significant, di
rect, curvilinear (first positive and, d'.er a threshold level, 
negative) effect on fertilit,. In addition, both land ownership 
and income-per-capita were found to have a significant, indi
rect (through perceived child utility), negative eflect on fer
tilitv. 

18. 	 In the analyses of determninants of fertility, perceived child
utility (that is, the perceived benefits of children in helping 
parents an:d providing old-age security) showed a consistent 
positive effect oh !rtility. 

19. 	 Important diflerenc(-s in the ele' .ii fertility of the variables 
considered were fti~tnd t ) derive from dilferent types of co
nomnic production of tirnily. For example, to belong to a 
seiiii-comniercial fiunilial production uinit has a significant, 
positive efect on fertility (children-ever-born) through per
ceived child utility, while belonging to the other types of 
production units produces no such effect. 

The strongest and most important conclusions of our analyses are: 

(a) 	Protein supplementation during early childhood has a 
positive effect on growth. Height, verbal development, 
and school enrollment, all are affected positively by pro
tein supplementation. Total diet has a strong effect on
school achievement. Diarrhea has negative effects on all 
the same variables. 

(b) 	Children's school enrollment and achievement also are 
positively affected by parental affluence and by the need 
for the children's work. Village differences appear to af
fect patterns of work and school participation differ
entially. In one village, school participation ik consistently 
low, and affluence of family appears to be the strongest 
influence, -affecting school enrollment positively. In the 
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other three villages, enrollment is more positively affected by child size and health, and less by family 
affluence. Family occupation, sex, and family size also 
affect child's activities and school participation.

() 	 Schooling of farmers relates positively to agricultural 
production. Literate farmers accept innovation more 
readily and are able to achieve higher agricultural returns 
than illiterate farmers. 

(d) 	Schooling of female heads of household -affects the num
her of children-ever-born, and perceptions of the eco
nomic utility of children. It is expected that women will 
have fewer children as family economic conditions im
prove because the perceived utility of children will be 
reduced. 

From these conclusions, we see from (a) that with improved nutri-
tion and improved health conditions (medical care, potable water,
better sanitation) children will morebe likely to attend, and to
achieve in, school. With improved schxling of males (assuming that 
the men continue to be farming decision-makers), we see from(c) that such farmers will achieve higher productivity, increased 
affluence, and perceive less need for children's work. Improved
schooling of females will lead, as shown from (d), first to lowered
perceptions of the need for cbildren's help and subsequently to
smaller families. Higher production and lower .mily size leads to
higher per-capita income and better nutrition amily men.bers. 
"his in turn makes for the better school perform,ce that results also

from better health, physical and verbal developmnt, :nd parental 
literacy. 

We see that education is pivotal. Literacy is one instrument
through which trmers innovate and by which women's attitudes 
concerning the economic need for children are aflected. Educational 
performance depends on children's well-being and on the fhmily's
lessened need ior their work. Children with poor health and chronic
malnutrition may never realize their full pLysical and psychological
potential. To imlprove chances of success in school, the early health 
and nutrition of children should be improved.

We portray our results diagrammatically, which may both confuse 
and enlighten; C. W. Churchman (1979, p. 231) calls this the es
sence of the systems approach. Figure 7-1 presents research results 
of the Berkeley project from the perspective of the child's develop

-
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ment. The diagram portrays the interaction aing intt'rtventions, 
conditions, and perceptions and is intended to show the inter
relationship of'l amily econoinic conditions, parental literacy, family 
size, health, diet, school, and work. Relationships center 11pon the 
child's well-bt-ing. and the outcomes o well-)teing in terins of school Nutrition Public 
and work. Arrows represent sitnificant and important relationships Ih+l2 

found in the course of the study in Berkele. 
This diagram, c-omhbining results front the four parts of our study. 

shows that the child's development is atletcd by family affluence 1 2 5 1 +2 
and need to work, Knimily size and structure, nutritional intake, I+5 +3 
quality of finmily diet and health conditions, and parental literacy. 
Inproving the child's conditions at an early age leads to inter
generational benefits as that child reaches maturity. At adulthood, 1 +3+4 5 

men's literacy and schooling appear to influmea,ce productivity as I + 4 + 5 .. 2 • + 4, 
fairmers; for women, literacy and schooling appear to influence at
titudes alx)ut desirable amily size. In combination with other devel
opmeni efforts, then, education can le an eflective method for 
increasing per-capita income through its effects on increasing pro- / 
ductivity and lowering family size. 

Program Interventions 
Rurad 

The five program interventions which we have discussed can he De\elolment
 
combined into 31 possible combinations. Figure 7-2 represents 
these comhinatioiis of interventions. By "interventions," we Inean
the following: 1iis diagrain inchaidestell additioii,,1 till lillatiti is that c)i(hnot It iortrayed graplhic.ill. 

1. 	Nutrition: Direct interventions (such as improvement )y I +3 1 ~2 +1+ 3 1 +3 + 4 
supplementation, family food allotments, food stamps, etc.) 2 4 1 + 3 t 5

aimed to reach specific target groups or the whole commiut-
 3 	 5 + 4 -5 
nitv.
 

2. 	Public Health: 2rovision of pota)le water, sanitation, and Figure 7-2 Reprt'sentationm of all Possible Interventions Combining Sectors. 
public health clivics. 

3. 	 Education: Improved school facilities, classes, and materials;

to be added to existing schools. 
 The discussion that follows is based on 	our research findings.

4. 	 Rural Development: Agricultural extension services, loans, Since a wide range of programs can take place within each type of
and/or provisions of irrigation equipment, fertilizer, and seed. intervention and because cost will vary with the amount of service5. 	Family Planning:Provision of information and methods (pos- provided, it is beyond the scope of this hook to suggest the intensity
sible to be integrated with health-clinic services). of each intervention. 
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Intervention Discussion 

1 	 Nutritional intervention alone (without upgrading
Nutrition 	 general public-health conditions) would henefit only

children already relatively free of dia'rheal disease. 
Our results indicate that children's growth is not a[-
fected by nutritional intake aloe but depends also 
upon the body's ability to use nutrients. It would be 
inefficient to undertake this intervention aloe. 

2 Potable water and sanitation reduce the incidence of 
Public Health 	 diarrheal disease. This interventicn would reach the 

porest children. Over the short run it would be 
more efficient if combined with a nutritional inter-
vention. Over the long run the resultant decre:sed in-
fant mortality (leading to larger fitmilies) might have 
adverse eflects on per-capita income, unless attenml:us 
were made also both to increase income and decrease 
filmily size. 

3 Investments in education alone, inithe ,tosence of 
Education improved heath and nutritional intake, will tendEducationti hei h dreno t tr tialyi a e,willuendto benefit children from relatively more rluent 

families-children already able to attend and profit 

4 	 Programs directed at improving agricultural practiceRural appear most beneficial for literate farmers, who tend

Development 
 to accept innovetion, and for farmers with access to 

adequate land. To reach others, increased education 
through adult literacy programs, plus ic'ess to better 
land, would increase the flectiveness of rural devel-
opment programs. Rural development alone would 
not reach the Ixorest, least-educated people. 

5 	 Fainily-planning programs seem to influence most
Family Planning the attitudes of women who are literate, and who 

count less on children for economic utility. To in-
crease the acceptability of tfanily planning, the need 
for children as a source of labor and security to par-
eats will have to be removed. This intervention 
alone, then, tends to be relatively inefficient. 

1+2 	 A combination of lublic-health and nutritional inter-
Nutrition and ventions would improve the body's use of fixed intake
Public Health through lowered incidence of* diarrhea md would 

promote children's health and physical growth. As a 

Synthesis of Firulings and Policy Implications 

Intervention 

I-I 3 

Nutrition and 
Education 

1+4 

Nutrition and 
Rural 

evelopment 

1+5 
Nutrition and 
Family Planning 

2+3 

Public Health 

and Educatioa 


2+4 
Public Health 
and Rural 

Deelopnient 

Discussion 

result, potential school perormance also would 
beniefit. Nutritional supplenlentation, in the long 
run, is not desirable because of' its high cost and in
creased fmnily dependency on outside aid. In the 
short nin, nutritional intervention should be given to 
iufants and young children in order to improve their 
chances of success in school aid, consequently,greater productivity as adults.
 

Nutritional interventioi and increased investment in 
education are withoutwastefid public-health inter
vetion, necessary o iinprove the benefits of fod. 
Increasing t'peditures fr education would tend to 
benefit ost those already able to attend school. 
e
 

Again, impro.ving nutritional intake without health 
change is wastefil. Rural development intemrention 
alone will tend to benefit those already receptive to 
innovation-iost likely, literate farmers. Besides,since nutritional assistance tends to increase dependence on food relief, while rural-development ac
tivities aim to increase independence, cmining
these activities appears incxmipatible. 

As befre, it is iunellicient to improve nutrition with
out including pullic-health interentions. Family
planning interventions taken alone also are inefficient 
because of the low level of acceptahility of infbrmna
tion, unles; acunpait 
 d both hy change in e.oltnonric
 
conditions and l'iah,literac
 
Better health conditions, sanitation, od potable 

water wou:ld improve the health and physical devel
opment of children, making it possible for them to
 
use the fiamily diet more efficiently. Larger, healthier 
children will do better in sclioxl; and increased in
vestmuent in school also may raise the level of school 
participation:. ilowever, this comihiniatit-,i will not 
meet the needs of the more inalnouirisheul children. 

Rural development plus public-health services would 
improve the health and vigor of' adults and children 
while helping farmers adopt more efficient methods. 
The most malnourished children will not be helped. 
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2+5 
Public heald, and fumily l)lanning can be combined illPublic Health a synergistic delivery system with ln tually enhc-

and Family ing benefits. With public health improvements it isPlanning expected (hat infants survive,more will and thus
family planning would be directed at discouraging
higher amniily size. lowever, we ounid that famiily-
planning information does not tend to influence
attitudes of illiterate wtonnen and or 

tile 
those who per-

ceive children to be usefl in %%wor: and for old-age se-

curty.ciecyof

3+4 To combine these investients wili tend to imlprove

Education and the productivity of linmilies with literate 
members, 

Rural 
 and will increase the level ofperfoirmance of childrenhildrenDevelopment already able to attend school. It does not reach theDevellrey amloes, swantporest fimilies. 

3+5 Education and tainily )lanning eventually would be
Education and mutually beneficial. Education of timiales would re-
Family Planning suit in more receptivity to lainily-pla.ning iniorma-


tion. Those who remain illiterate, however, would 

not receive tie added benefits associatedl with liunily 

planning. 


4+5 Rural development pls launily planning w'oll result
Rural in some efficiency-gains in agriculture ard-with
Development some decline in famil size due to the acceptability
and Family family-planming infirmation--nright improve 

of 
pIr-Planning capita income. Such inteixeutions would tend to 

reach only the already-literate adults unless time 
program were focused toward illiterate adults, ordevelopment innovations decreasedcombined with adult-literacy reliaice (ii rural-programs. If ln-
ily labor and inreasei old-age coisecurity iunlies, 
the laoresut di 
 a c epta of' tindi;-
planning infbrmation.nc b reae g o ce, 

1+2+3 Better-nourished, healthier children would benefit
Nutrition, Public from better sciools, eventually becoming more pro-
Health, and ductive adults. This set of interventions helps childrenEducation whose poor health and nutrition would have limited 

their grcwth and de~eloplent" and likelihood of par-
ticipating in school. Nutritional intervention, inthe
long run, would create dependence on food assistance 
and should be asofired a short-term intervention 

eno
Intervention 

1+2+4 
Nutrition with 
Public Health 

and Rural 
Development 

1+2+5 
Nutrition with 
Public Health 
and Family 
Planning 

1+3+4 
Nutrition, Edu-
cation, and Rural 
Development 

1 +3+5 

Nutrition, Edu-
cation, and Fam ily Planning 

1+4+5 
Nutrition with 
Rural Develop-
ment and Family 
Planning 

Discussion 

oy-that is,until long-term benefits can he realized 
from the higher productivity ofeducated adults. 
increased nutritional intake fca the short run, with
enhanced rural assistance in the long run, will help
food intake. Expanded public-health measures will 
increase the benefits of food. Higher infait survivalprobably will result from introduction of public
health measures; this may, preve.lt per-capita incomefroi increasing. On the other hand, increased effifarmers aylead to the increased oppor
tunty of'chirn to h intead o or 
tufity ofchildren to attend school instead ofworking.

will lw
come more efficient larmers and women who maysmaller families. This appears an equitable andefficient combination of interventions. 

Healthier, better-fed children do better in school. 
More surviving offspring will lead to bigger itimilies,
though increased fUnil-planning interventions may
help to encourage limiting birtiis. Eventually, in
creased literacy and schooling will lead to more pro
ductive adults who may desire fewer children. 

This combination will benefit most children whose
 
health permits full use of their nutritional intake. For
 
them, nutritional supplementation probably will lead
 
to greater growth and 
 better school performance.

Rural education probably will al-ect 
productivity of
 
literate farmers, and lead to enhanced income for that
 
group.
grobp.
This combhinatioii will benefit most chiildreni who are
 
healthy' enough to derive fIll value from their nutrients. This set of interventions would lead to irproved growth, development, and school )erfir
imance for those children. Family, planning would be

especially acceptable 
 to literate mothers, and to
 
fiamiliet that do 
not need to rely on children's eco
nomnic help.
 
Improved diet would benefit 
 most those children 
with adequate health. Rural development and family 
planning would benefit most literate adults. As be
fore, we see that it is inefficient to improve diet with
out improving health. 

http:preve.lt
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2+3+4 This combination will tend to decreac morbidity;
Public Health healthier children will be more likely to attend schoolwith Education and perform well. Rural dvelopment will enhanceand Rural De- agricultural production. For literate and innovativevelopment farmers this will be especially beneficial. Eventually

through increased production, diet at home might
improve. In the absence of family-planning programs,
however, family size may increase with these im-
proved health conditions and, thus, per-capita food 
availability might not rise. Lack of a nutritional inter-
vention here detracts from an impact the malon 
nourished poor.

2+3+5 Public-health programs and family planning togetherPublic Health with improved education will lead to higher schoolwith Education attendance. Family-planning and public-health pro-
and Family grams already have been seen to be complementary.
Planning Adding investments in education may increase school 

participation and have beneficial effects on economic
productivity. Because of the ahsence of a nutritional 
prductine y. hoeaerintervention, however, the malnorse ce o n otvt the malnourished ould not 

3+4+5 A combination of educational inputs with rural devel-
Education with opment and family planning will benefit most thoseRural Develop- children already able to attend school. Literate adultsment and Family will tend to benefit from the rural development andPlanning family-planning interventions. This tends to benefit 

those who already have been able to take advantage of 
schooling. 

2+4+5 This set of interventions would tend to improve
Public Health chances of infant survival while working 'also to limitwith Rural De- family size. However, family planning will best helpvelopment and 	 literate mothers who already have less need for theFamily Planning 	 children's work. Rural development programs will 

help raise economic productivity but will most 
benefit literate farmers. This rewards those families 
with education. In the long run, as children's school 
performance improves with better health, more edu-
cation will enable them as adults to participate more 
fully in agricultural innovation, 

Synthesis of Findingsand Policy Inplications 

Intervention 

1+2+3+4 
Nutrition with 
Public Health, 
Education, and 
Rural 
Development 

1+2+3+5 
Nutrition with 
Public Health, 
Education, and 

Family Planning 

1+2+4+5 

Nutrition withPublic Health, 
Rural Develop-

ment, and Family 
Planning 

1+3+4+5 
Nutrition with 
Education, Rural 
Development, 
and Family 
Planning 

Discussion 

In the short run, increased nutritional intake together
with public health, education, and rural development
will help children to be better nourished, healthier,
bigger, and better able to perform in school. In the
long run, farmers who can acqirre literacy will 
achieve higher productivity. Withi this set of inter
ventions there is the danger that family size will grow
larger becau-e of decreased morbidity and that, al
though incoi and food may increase, per-capita in
come and di ary intake may not. 

This combination would tend to help 	the neediest 
children to achieve better health, growth, and school 
performance and could balance decreased infant mor
tality with more acceptance of fimily planning. 

This set includes all sectors except additional invest
ments in education. Nutritional improvement plushealth would increase the participation and achieve
ment of children who would probably otherwise fail 
to attend or to perform well. Agricultural assistance 
and family planning would, in th, long run, benefit 
most literate adults. With larger r umbers of children 
attending school, it 	might be n..cessary to increase
 
spending on schools. Nutritional interventions would
 
not be necessary for the long run, 
as increased pro
ductivity wouid assist eventually in improving family
 
diet. 

This includes all sectors except public health. Nutri
tional intervention therefore would be wasted, since 
those with diarrheal infection would not be able to 
use additional nutrients effectively. The additional 
investment in education would tend to reach children 
already able to attend school. The rural-development
and family-planning information would tend to 
benefit farmers already innovating, as well as literate 
mothers. 
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2+3+4+5 Since this set does not include nutrition, it prevents
Public Health, immediate assistance to children of 'hb poorest and 
Education, Rural most malnourished families. These children will beDevelopment, only partly helped by decreased morbidity. The coin-and Family bination of education, rural development, and family
Planning planning would appear to he effective in the long run 

in improving economic productivity and decreasing
family size. 

1+2+3+4+5 This is the most complete and most ambitious set of
Nutrition, Public interventions. The nutritional intervention should beHealth, used only as a short-run benefit for those who need it 
Education, Rural most. In combination with improved health and de-Development, creased morbidity and infant mortality), children
and Family would function better in schxJl. In the long rin, edu-Planning cated adults would tend to be more productive and 

more accepting of fanily-planning information. In the 
short run, due to increased child survival, it would be 
important to focus family-planning programs on those 
mothers not yet reached because of lack of education. 
If resources were available, this set of interventions 
would offer the greatest opportunity for change. 

Deciding among Alternatives 

To choose among alternative interventions requires agreement
about criteria; which criterion will dominate depends on the priorities
and values of those with the power to decide. It muchis more 
difficult to predict the consequenc,-s oi such decisions,We view criteria for choice among alternatives as being of two
kinds: (1) those that would select eflicient interventions-that is,
those that can achieve agreed-upon goals for the least cost and take 
advantage of complementarities among prograis; or (2) those that 
would tend to achieve greater equity, being directed particularly
toward children and families in greatest need. 

Since school success has shown tobeen depend largely on 
adequate prior nutritional intake and health, interventions to im
prove diet and health may give children a better chance to achieveliteracy. Thus, if educational programs are accompanied by nutrition 
and health interventions that benefit children in early childhood, 

SyntheiAV of Findingsand Policy Implications 

such interventions will improve the eflietiieness of educational 

perforinance. Childrei who would benefit most through improved
nutrition and health wvould be just those children who l)reviouslv
would have failed in school. 

S,:hool participation and achievement also have been found todepend on fiiuily atlhience aid l)otential needs tor childrens work. 
lealthier and inore vigorous children could take on both work and

school attendance. Children's nutrition and health depend on tlumilvaffluence. Programs that raise income will in turn improve children's 
nutrition, health status, and school success.

We (10 not believe nutritional iutervention to b)e niecessary' (or
advisable) I' trhe long run. A short-term program of nutritimal
interventmoi call benmefit children of the p)reseut generation and in
e s tl eilo t 
knse hoer lng-du eporunities. Lng-tert intervention of thiskind, however totild lead to increased dependence t of inilies onincaaid. For the odg run, we recommend,s.easures torather,
increase agricultiral l)roduction and incomes. 

Public-health interventions need to be provided for the long run,and such relatively cheap investments are highly effective. A well
that Supl)lies l)otable water to a coimiimuity is 'ot costly, nor are
latrines. Such services are particularly beneficial since, in the absence of iilfection, the bodys use of nutrients is substantially im
proved. 

Our results show the advantages immediateof institutionPublic-health interventions with increased nutritional intake (in the 
of 

short run, by sul)plementatim, faiily food allotments, and in the
bog run, y imeasures to iml)rove productivity). If such programs

are undertaken, 
we wouild expect children's school perfrmance also
 
to improve, therely increasing 
 the efficiency of investments in
 
schools.
 

The literacy and grade-attainmient 
 levels of adults are precondi
tions for accePting innovation in agricultural production and for

adopting imore positive attitudes with respect 
 to fiumily planning.
Literate fairmers tend to be more open to rural innovation,* and
literate mothers tend to be more accepting of fiumilv-planning iufior
matiou. I To increase the investment in either rural'development or
flamily planning without increasing the stock of educated and literate 

flurad iinovatioi depends also on he quality and quaiity ofland available,itue fvorable to laimly planiing deped Aso oil the ec'oiii coditiois Ol 
the ftaimilv. 
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adults would be wasteful in the long run, since otherwise acceptance
of measures would tend to be limited. Thus, the best approach
would be to expand education for children so that the increased 
benefits of rural development and family-planning interventions
would be taking eflect as that generation reaches adulthood. For the 
present gencratien of adults rural development and family-planning
programs either would need to be combined with adult literacy 
programs or should emphasize outreach to illiterate adults. 


In summary, some 
programs ofler interventions that reach c.-
dren of the poorest groups-those who are generally malnourished 
and who suffer from diaheal infection that limits physical growth.These children need, in the short run, and early in life, some form o
nutritional intervention combined with improved health conditions. 
Although the results of our study are specific to the nutritional ex-
periment performed (and we have not studied other forms of sup-plementation and nutritional change), we do see that increasing
protein consumption has a positive effect. We also believe it desir-
able to increase food intake, but do not believe that calorie sup-
plementation alone will improve children's growth and dt-velop-
ment. 

In addition, by improving health, nutrition, ad the quality oftheschools, the combined eflct upon children will be increased school
participation and grade completion. Although havewe riot 
specific-ally studied the quality of the education provided, we have 
seen that, at 	existing levels, education and literacy do appear tomake a difference in economic opportunity. We believe that if
school quality were improved, parental decisions related to 
chil-
dren's schooling would reflect the higher quality of the education 
provided. 

In the longer run, for the next generation, it will le necessary to 
promote the acceptance of lower family size along with acceptance of
agricultural innovation. This will be accompanied over time 1)y tile 
greater li:eracy and grade attainment of the present grotp of cluil-
dren. To promote acceptance of'family plamning and rural innovation
before the present generation reaches adulthood, it would be advis-
able to develop programs targeted at illiterate adults. 

Because receptivity to family planning depends also on perceiving
a reduced need for Ithe children's present work and future help,
improvement in the long-run expectations of' families about their
economic security is called for. By helping farmers achieve greater 

Synthesis of Findingsand Policy Implications 

productivity at the same time that infant Ytortait iLbeing reduced,
 
we believe that attitudes about desirable family size caa be changed.


Here, in summary form, are the strongest predicted policy conse
quences that stem from our research: 

1. 	 Improvements nutritional andin intake improvements in 
public health should be coupled.

2. 	 Educational investments should be accompanied by im
provements in health and nutrition. 

3. 	 Rural development is more accepted by literate adults. 
4. 	 Family planning is more accepted by literate adults. 

Of secondary importance as policy findings, but nevertheless 
signifiant as predicted consequences we also suggest the following:

5. 	 Nutritional improvement should focus o 	 the youngest chil
dreii. 

6. 	 Rural development and familv-plan:ii ng programs should be
linked, so that per-capita improvements in income occur as 
the perceived economic need for children is reduced. 

7. 	 Educational quality should he improved to increase school 
participation which, in the long run, will help to expand inno
vation and raise productivity. 

8. 	 In the short run, until there is greater school participation,
rural-development and famil%-planning programs must be
designed and directed especidy to the needs of illiterate 

adults.
 
a dults.
 

ree have tried in this book to sort out a sew 
 of 	the imortant
relationships that ",dtctthe lives of malnourished children of the
 
rural poor as exemplified by the children 
 in these Guatemalan vil
lages. This was possible because of the existence of the longitudinal

nutrition experiment which allowed us to trace changes that came

about when malnourished children were 
 offered nutritional sup
plements. We were also able to e'auiate the changes in school
participation that resulted friom the nutritional intervention. Inter
generational outcomes indicated that schooling affected both the
economic productivity of men who farm and the attitudes of women 
about desirable fiumilv size. 

This study, and others based on the INCAP experiment, should
contribute to microplanning eflorts by providing an analytical foun
dation based on longitudinal data. In the wide variety of countries 
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that need to undertake microplanning to alleviate rural poverty, the
basic longitudinal foundations of this study can be supplelented
and adjusted by recourse to relatively inexpensive and quick cross
sectional surveys.

We 
believe that our work also will contribute to macroplanning v
providing deeper analytical background and by supplying more reli

able parameters, blased on micro-analysis, fbr specifying the behav
ior of soxial aggregates. We like to think that our work will lead to

further recognition of these complex relationships and to the need

for integrated planning. 
 This knowvledtL , we hope, 	 will lead to 
greater opportunities for those who otherwise would Irohahly continue to live in poverty. 
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