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ABSTRACT This study undertakes an economic analysis of the causes and 
consequences of malnutrition among young children in a rural setting. Parents 
are viewed as pioductive agents who make interrelated decisions regarding 
their family size, labor force participation, expenditures, and intrahousehold 
distribution of resources in the face of constraints imposed by their resource 
limitations and a given "production technology." 

The study utilizes data on preschool and school-age children obtained 
from a village-level survev in Northeastern Thailand and finds a familiar pat
tern of low income, high fertility, low nutrient intake and poor nutritional 
status and health. One finding, however-that mother's work in the formal 
labor market is detrimental to child nutrition--is unexpected and has impor
tant implications for policies designed to augment income through formal
sctor job creation. The a1nalysis also reveals that nalntrition and high fer
tility have adverse effects on the mental ability of the school-age children in 
the sample. By controlling or the environmental effects in intellectual de
velopment, tile study offers some evidence to SUpport the still-debatable con
tention that malnutrition has a direct, independent link to poor mental ability. 

THE PROBLEM OF MALNUTRITION 
During the past two decades economic growth has been achieved in many 
developing nations on an unprecedented scale. Gross national product 
(GNP) has increased at an average rate of some 5 to 8 percent per annum, 
and a high level of affluence has been attained in the capital cities. Yet, in 
toe midst of growth and modernization, a large proportion of the popula
tion in these countries still lacks what the World Bank calls the "basic needs," 
consistitng of sanitarv housing, adequnate clothing and food, and opportu
nities for learning. Realization thdt imp,'ovemenl in the quality (If life should 
be the ultimate goal of development has led planners and policymakers 
to shift their attention from the pursuit of economic growth per se to con
cern over equity and distribution. 

The case for this new approach can be made from another perspec
tive. Any devehc'pment scheme that overlooks the fundamental needs of 
the populace can at best be likened to an impressive superstructure built 
on shifting sand. The process of econromic change is itself dependent upon
the development of the country's human resources, and, as several studies 
testifx; qualitative improvements in a nation's human capital form an in
tegral part of econonic growth (see, for example, Denison 1967; Jorgensen 
and Griliches 1967). 

Malnutrition in childhood, and the morbidity it causes, can be seen 
as one Of the most serious obstacles to the full development of a country's 
resource potential because of its pervasiveness. The problem is particularly 
severe in deveioping countries plagued with rapid population growth and 
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glaring inequalities of income and educational opportunities. Developing 
countries typically have a high proportion of the population in the youn
gest age groups, and it is known from medical studies that infants and chil
dren up to 5 or 6 years of age are among those most vulnerablt to the ravages 
of malnutrition. UNICEF figures reveal malnutrition in combination with 
infectious disease to be the most imFortant cause of child mortality in de
veloping countries (UNICEF 1978). Berg (1973:4) notes that 57 percent of 
the deaths occurring to children in Latin America between ages I and 4 
can be traced to malnutrition. 

Types of malnutrition 
Malnutrition manifests itself in various ways. First, undernutritionoccurs 
when the general level of bodily intake is inadequiate. (The problems of de
termining adequacy of intake are discussed in Appendix A.) Protein-calorie 
malnutrition(PCM) is the term used to describe dietary deficiencies in both 
protein and calories. Although the distinction is no longer as clear as it was 
once thought to be, the condition is called marasints if the def:', icies are 
largely in calories and kwashiokor if they are largely in protein. Second, the 
lack of essential nutrients in the diet may give rise to deficiency diseases. 
Pellagra, scurvy, rickets, and anemia are among the diseases caused by defi
ciencies in certain vitamins and minerals.' Another kind of nutritional 
problem occurs when the ability to digest food and absorb nutrients is im
paired by genetically or environmentally induced illn-2ss. Such illness results 
in sccondarinnalutrition.Finally,, overnutritionresults when too many calories 
or excess amounts of particular nutrients are consumed. Although this last 
type of malnutrition may be seen as a disease of affluence, giving rise to 
such conditions as obesity, that is rk.t necessarily the case. For example, 
overconsumption of sugar or starch may be associated with poverty or in
adequate knowled.;e of nutritional requirements, especially at times of cul
tural or environmental change. 

Protein-calorie nalnutrition in young children-the focus of this 
paper--is the form of malnutrition, or undernutrition, commonly encoun
tered in developing countries and is most prevalent among the young. 
Generally-accepted standards exist for measuring I)CM in children, mak
ing the task of defining this form of malnutrition more tractable. Malnutri
tion may be likened to insa'itvy: difficult to define, yet obvious in its extreme 
state, so that its measurement is imprecise in in-between cases. For young 

1. The causes of the deficiency may be complex, For example, anemia can result from 
an iron-deficient diet or from other causes such as parasitic infection, which may
be complicated by low iron intake or by the intake of substan'es that lead to exces
sive iron excretion. 
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children, however, some degree of precision has been achieved and stan
dard measures are widely advocated by nutritionists. Of all the types of 
malnutrition, PCfvi is likely to be tie most closely related to parental
decisions-for example, decisions about desired famil' size and the alloca
tion of family re- urces. The larger the family, the more thinly resources 
have to be allocated among family members, and this is likely to be related 
more to the incidence of PCNI than t,, ,ther kinds of nutritional disorders. 
In contrast to PCM, other rorins of malnutrition are specific deficiencies 
(or excesses), which in developing countries usually stem from the unavail
ability of par'iculai utki is in certain geographical locations. For exam
ple, goitLr, a disea.se caused by lack of iodine, is common among inland 
peoples becau:;e iodine is found mainly in seafood. These specific deficien
cies can be compensated for by technliogical neans, such as fortifying cer
tain foods, because their causes are k~awon. PCNl, however, may require 
a more complex set of solutions involving behaviorol changes at the in
dividual or family level, thus warranting closer investigation. File incidence 
of PCIM is fundamentallv an economic problem because it reflects inade
quacies in overall food consumlption. It is therefore related to the broader 
economic problems ot resource availability, efficient utilization, and optimal 
distribution. 

The effects of protein-calorie malnutrition 
PCNl affects the growth and development of children in three important 
wavs. 

First, physical growth may be permanently retarded by ma!nutrition 
in infancy and childhood. Early childhood is the period of highe.t growth, 
and inadequate energy Or protein intake prevents the creation of new tis
sties. When the bodv does riot receive enough calories, anv protein intake 
will be used tor energy purposes rather than for bod'-building (Whitney
and I lainilton 1977). This results in physical r.tardation and stunting, which 
are hindrances to task perfo0rmanlce. I'roductivit,' l.Oss caI be sTrious if mal
nutrition is widespread. 

The second wav ill which RAI affects childrei's development is that 
it leads to high suscepti:ilit v to disease. It weakens the hody' and lowers 
resi:;tance to intectitn, thus further inhibiting pro.ductive abilit'y. 

PCM in childhood may also impair the mental skills that are crucial 
for bask learniig. \h,'l ther the effecLs of !ich afflictims are reversible, 
however,lremains debatable. Selowskv ainot l u I173) present evidence 
hat mah utrition in the first 1ear lif' Iiwe irreversible adverse efot can 

fects on mental development evllf nutritim later becoWmes adequate. John
stm an Clark (19)79) a'gue howver that reC',erY Irom Mild to moderate 
degrees ( f malnutritinm is usually p ssi ,'\V Alhliugh some tests for per

http:disea.se


4 Malnourished Children in Rural Thailand 

manent brain damage, based on M',iboratory experiments with animals, sug
gest that malnourished animals can be rehabilitated by subsequent feed
ing (Levitsky 1976), the dangers of making inferences about humans from 
animal experiments are well known. 

It is difficult to establish a causal relationship between malnutrition and 
mental retardation because malnouirishment and the lack of environmen
tal stimulation haw similar effects on mental ability. Malnutrition rarely 
occurs in isolation. k is usually encountered in a poverty-stricken, over
crowded environment that stifles responsiveness to intellectual stimuli. 
Nevertheless, overwhelming evidence indicates that malnutrition and poor 
mental development are closely related, even though the actual causal 
mechanism is unclear (Cravioto and de Licardie 1973). Apart from hu
manitarian concerns, the effects of malnutrition on the brain have inipor
tant implications for future economic productivity, since the effectiveness 
of skill training hinges upon the ability to learn 

Governments of many countries have introduced various measures 
designed to alleviate malnutrition. Extensive feeding and demonstration 
programs, fortification of food items, and development of high-protein foods 
have all been considered as solutions to the problem. But malnutrition it
self has yet to be clearly understood and the causes and effects determined. 

The task of ascertaining the causes of Malnutrition can be approached 
from a macro level by determining the role of regional price differentials 
and the system of food distribution in a country. It can also be viewed from 
a micro perspective by investigating household behavior. I lere attention is 
focused on rural h,'useholds and the microlevel behavioral factors and 
resource constraints that can lead to malnutrition among rural children. 
In addition, the effects of mal nourishment on the ability to learn are ex
plored. 

THAILAND AS A STUDY AREA 
Thailand has long been a food exporter, and vet many groups of people 
in various parts of the country suffer from illnesses caused by inadequate 
diets. Thailand's nutrition problem is typical of the Southeast Asian region. 
The diet consists mainly of rice, and mild to moderate protein-calorie mal
nutrition is common. Pockets of malnutrition exist in both rural and urban 
areas where conditions ar,, particularly seV'ere (Stoecker 197Q). A recent sur
vey by th- NIinistry of I'ublic I lealth, Nutrition I)ivision (1982), of preschool 
children throughout the country (excluding BIangkok) found that 55 per
cent of tile sample were malourished. The problem is most pressing in 
Northeastern Thailand, where more than 35 percc'It of the country's esti
mated 50 million people reside. Its land is the least fertile, and its inhabi
tants have the lowest per capita income in the country. Because of political 
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priorities, 	the inherent unproductiveness of the soil, and the generally low 
bargaining strength of the local people, Northeastern Thailand has until 
recently benefited the least from rlral dev'elopment programs. 

One ready,, if rough, indicator Of regional imbalance is the pattern in 
which irrigation spread in the country from 1961 to 1976 (Table 1). The per
centage of irrigated land in the C(enia'l rtion ilcireased from 38 percent 
in 1961 to S3 perc,tll in 14-70. In tie .;oulth, where rainfall is on the whole 
sufficient 	and timelv for IagricutLltutl,iI 1 turpIes, the irrigated areas increased 
trom 7 to 25 perct'nl du ri,1' thatI p itd. lhe low, stable pe,rcentages Otfir
rigated land iiith,,,e Northeastern regioll (,iittLnd S ptctit) stand out 	in 
marked contrast tt1 those Of the i ir regions.

Anllotler indicator oitRgi1nalI imbalince is tHie distributioll o1 ilcome. 
Per capitl g'os regional prLduct (( ;1> in the Northeast was only just over 
1.1 	 p.,ercent o1 til corre,spondti figure hr iangkok by 1983 (Table 2).


Northeaistern Thailand also rainks 
lowest in heilth ststicsC (fable 3).
In Baingkok tuic plcSiciain <e'iveS an1 averag ot 1,2310 people, while in lihe 
Northeist Ohet(OIrIs timdII igure, i, 20,314' fhC ligures. in [able 3 refer 
to over'nment-pr ervics only. If prx'ivat were included,rid facilities 
the iibilalce vot!d be, ( Xen m1ofte pr'imouniced because Oftlhe high coii
ceilrati~n ot pui'iate serices aind m'dicalt I)Crs(nnnel in Bangkok and its 
etnvirli,,. in l)82, Ih priviC hoitls out ot a total '4 153 were situated 
in B;,inktok, srvin o ain timated L-tlenth 01the coIuntry's poplla
tion . And It l tIthe tout,1l t 7,.16 privle hospitlI beds, ,smanV as 3,727 
wVer in Bangkok flmit ((lititikul I1 83:tbhL I)). 

StjLtes td W 0 
etsinat,s that nwiiutrition is lost prcvalent in the Northeasterln region. 

V Kr .ikaw( IL)t)) er\icesieltIi and fod e\peIditire 

lKroigk,W con\etlthe tiniattl niiiniunl nutritiotial recuirenilenlt into 
a typical i n1d basket a1ud inpitted it'; (- st. Actual e\penditire below this 

Table I.	 Irrigated areas a,, percentage f cultivated areas of'all types, by 
,eg iorilThailticd, 161l-76 

Region 1161 Pt)03 t) 1)69 1)72 1974 1976 

Central 38 67 77 7, 82 84 83 
\Vest 32 36 35 33 4t) 61 66 
East 	 42 44
,, -11 43 45 49 
SOItli 7 10 1.4) I( 15 25 
North 
 8 7 9 12 16 17 19 
Northeast 5 5 h 5 6 56 

Whole country 17 21 23 21 25 27 26 

,i rc : I al Irrigation DeparImet, tMinistrv of Agriculture and Coopt rati ves (1979). 
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Table 2. Gross regional product at constant 1972 prices: Thailand, 1978-83 
(million baht) 

Region 1978 1979 1980 1981 1982 1'33 

Bangkok 16,567 18,153 18,687 18,631 18,845 19,611 
Centra a 6, 171 6,738 7,010 8,242 8,439 9,337 
West 8,130 7,516 7,885 8,424 ,,281 9,145 
East 11,040 10,402 11,061 11,715 11,478 11,954 
South 5.308 5,467 5,267 5,400 5,383 5,490 
North 4,048 4,077 4, 10t7 4,397 4,400 4,504 
Northeast 2,366 2,511 2,671 2,652 2,735 2,792 
Whole country 5,873 6,092 6,304 6,954 6,682 6,931 

Source: NESDH (1985). 

Note: In 	 1983 1bahit was equivalent to US$O1.037. 
a. Excluding Hangkok. 

minimum cost by ailv household was thent taken to indicate the presence 
of malnutrition. Fromi this siviipie c0on paris0vi he obtained an estimate of 
the proportion of the lhai populatiovi that stIffered from nutritional inade
quacy in 1975. lie estimated the e\teot of mainuLtrition at 31 percent for the 
whole colntry and at ,12 percent tr the Northeastern region, again the 
highest percentage tf ativ region (labie 4). 

Malutritiol among preschool cliiVden is also highest invthe North
east, with 59 percent of those SorVeVeLd bv the Ninistry of IPublic I lealth 

Thble 3. Ilealth service and facilities, by region: Thailand, 1 82 

No. of 
persons per 

No. of district No. of 
persons per hospital or persons per lotal 

Region hospital bed health ceiter a physician population 

Bangkok 365 - 1,231 5, 120,000 
Central b' 479 1I]L,,48l 12,680 9,678,0(10 
North 934 134,95) 12,942 9,987,000 
South 727 1(,222 1.1,043 5,768,1100 
Northe2ast 1,427 173,677 29,348 16,673,000 
Whole countrv 732 163,526 7,221 47,219,001 

Sources: 	 MOI'l I, Provincial Ilospiral l)(partment ( IM2); N.l l l, I lealth ['lanning Division 
(1982); MN l i, I lualth Statistics Division (98-); NI-,I) (19891); Chutikul (1983). 

a. District hospitals and health centers are lihate,d outside Bangkok. 
b. Excluding Bangkok. 
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Table 4. 	 Minimum nutritionally adequate food expenditure per household, 
actual food expenditure, and the presumed extent of malnutri
ticn, by region: Thailand, 1975 (in baht) 

Minimum 
recommended Actual % of 
expenditure expenditure deficiency or

Region on food on food malnutrition 

Bangkok 	 1,499 1,345 (5.7) 10 
Central 	 1,259 1,032 (5.2) 18 
North 	 1,240 854 (5.1) 29 
South 1,245 901 (5.3) 28 
Northeast 1,4)3 813 (5.9) 42 
Whole country 1,335 924 (5.5) 31 

Source: Krongkaew (197):table 11-8). 
Notes: 	In1975 1 baht was equivalent to US$0.05. Numbers in parentheses are average house

hold :.ize. 

in 1980 found to be malnourished (Table 5). Even though severe cases of 
mahlutrition are rare, more than half of the preschoolers in Thailand are 
ir-fde.]uately fed. 

Medical specialists in Thailand have long been concerned with the 
problem of malnutrition and have begun to estimate caloric requirements
and to gather information on malnotrished children (Khanjanasthiti and 
Wrav 1975; Khanjanasthiti 1977; Vaivasevi 1977; Chavalittamrong and 
Vathanakanon 1978; NaBangxang and "lawichasri 1Q78). The causes of mal-

Table 5. 	 Percentage distribution of preschool children, by nutritional sta
tus: Thailand, 1980 

%, by 	degree of malnutrition 

Region Normal 
First 

(mild) 
Second 

(moderate) 
Third 
(severe) 

Sample 
size 

Central 
North 

59 
46 

31 
37 

9 
14 

2 
3 

65,334 
61,016 

South 
Northeast 

53 
41 

34 
42 

11 
!5 

2 
2 

59,483 
290,648 

Whole country
(excluding Bangkok) 45 39 14 2 473,481 

Soturce: MO1'l, Nutrition Division (1982). 
Note: Percentages may not sum to 100 because of rounding. 
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nutrition have received less attention, however, and analyses of social and 
economic factors have yet to proceed beyond the description of data. The 
pervasiveness of malnutrition and the existence of regional imbalance 
reaffirm the importance of determining the causes and consequences of 
the problem and its possible remedies. 

STUDY OBJECTIVES AND OVERVIEW OF THE FINDINGS 
This study analyzes the causes of malnutrition in rural Thailand, focusing 
on protein-calorie malnutrition in children, and traces the link between 
health and nutrition in the family and the acquisition 0 human capital, 
recognizing the interdependencies between children's nutritional status and 
health, parental fertility behavior, child wortality, allocation of parental time, 
and subsequent learning ability. (For details of the family decision-making 
model, see Chutikul 1982.) Nutrition is treated as a particular dimension 
of child quality which is both "consumed" and "produced" by the house
hold. A household produces children and determines their quality by the 
inputs of time and purchased goods, subject to the "production technol
ogy" that it possesses. Within this economic framework, the study anal
yses the pattern of parental behavior that affects food consumption and 
the nutritional intake of their children in the face of constraints imposed 
by limited resources and their production technology. It also ascertains the 
effects of nutritional status on learning. 

The picture that emerges from the study is of a vicious circle of low 
income, high fertility, low nutrient intake, poor nutritional status, and poor 
health, leading possibly to impaired mental development and to future low 
income. Low income encourages childbearing because parents are depen
dent on their children as productive assets. Farm families with low incomes 
are particularly prone to have a large number of children. High fertility, 
however, meians high sibling competition for resources at an early age when 
adequate nutrient intake is essential for normal physical and mental de
velopment. The situation ikaggravated if the mother works outside the 
home for the nutritional status of her children invariably deteriorates. High
fertility has a secondary effect in that younger children in large families 
do not perform as well as other children in school. If these children ace 
also malnourished, their physical and mental risk is even greater. By con
trolling for environmental tactors, the current study offers some evidence 
to support the still debatable contention that malnutrition has a direct, in
dependent link to poor mental ability. It also supports the results of previ
ous studies that have stressed the importance of nutritional knowledge in 
ensuring the proper feeding of young children. The effect of parental be
havior on children's well-being tends to outweigh that of physiological 
characteristics represented by pregnancy wastage and close birth spacing. 
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In fact, the data presented here suggest that a health-induced state of mal
nourishment transmitted from mother to child can be overcomL by proper 
nurture and care. The presence of the mother in the home (rather han away 
from tile home in formal-sector emplovnent) is the single most important 
factor that augments the nutritional status of her children. 

SAMPLE AND MEASURES USED 
The data for the study were obtained from a survey conducted in the 
province of Ubon Rachathani in Northeastern Thailand in 1979. The popu
lation sampled consisted of children less than 7 years old who were living 
with both their biological parents. If a child's mother had experienced more 
than one marriage, siblings from previous marriages were excluded from 
the analysis of effects on the child's well-being but included in the mother's 
pregnancy history. 

Twelve villages were surveyed, selected on the basis of their perceived 
economic characteristics, so that the whole range of high- to low-income 
groups would be more or less equally represented. Since it was a purpo
sive survey of families with voting children that exhibited "sufficient" vari
ation in their economic characteristics, the sample was not intended to be 
representative of the total popuLtion. The probability of selecting a house
hold was not necessarily proportional to the population size of each vil
lage, since households without young children were automatically excluded. 
Each village contained about 300 to 500 households, and approximately 10 
percent of all households in each village were included. 

Because childbearing and childfoeding information was sought, detailed 
information on household characteristics was (obtainedfrom the mothers. 
The pretests in which both mother and father were separately interviewed 
revealed that mothers could answer all the factual questions about house
hold assets, income earning activities, farm size, costs, and so on just as 
accurately as could the fathers. ILusbands' and wives' preferences regard
ing family size were also very similar, with a simple correlation of 0.89. 

The survey gathered information about the health and nutrition of m
dividual children. If the children had older siblings between 7 and 13 years 
of age who were attending primary school, information on those children, 
notably on their nutritional status and school grades, was collected from 
their schools.2 

2. About five years before the surve, four of the twelve villages selected had either been 
he site of, or had contact with, health programs for as long as eighteen months. The 

programs were directed mainly at treating anemia and bladder diseases. In the ane
nia program pregnant women were given iron compounds to supplement their diets.

The bladder disease project was conducted in nearby (nonsample) villages and pro
vided sonic contact with proper health and childcare. Thus villages were classified 
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Details of the questionnaire design are contained in Appendix B. In 
total, data were collected on 1,006 preschool children and 410 primary school 
children from 582 households. 

Nutritional adequacy was assessed by means of input measure-that 
is, a measure of food consumed by members of the houshold-and an out
come measure using anthropometric methods. 

Nutritional input, or consumption by household members, was meas
ured by the nutrient content of their food and by food expenditure per adult 
equivalent, valued at prices prevailing at the time of survey. The average 
quantity of food consumed by the family over tie year was determined. 
(See Appendix B for details.) The twenty-four-hour recall method was not 
used because it fails to allow for day-to-day variation or seasonal differ
ences and therefore could lead to large biases (un :ss repeated over the year 
and supplemented by extensive monitoring). A more meaningful method 
of approximating consumption, and in what quantities, was to have respon
dents report how often they consumed specific foods, although this method 
also resulted in some inaccuracy. 

Individual nutritional intake was estimated as an average based on the 
family's consumption because differences among family members are 
difficult to determine where mealtimes are irregular and foet is taken from 
several common bowls. But to refine the measure, different weights were 
assigned to family members according to their age and sex, adult males 
being assigned the greatest weight and women and children counting only 
fractionally. The weights used were adapted from the Amsterdam scale used 
by Stone (1954) because they are based on nutritional requirements: 3 

Age group Weights for males Weights for females 

Under 6 0.35 0.35 
6-14 0.52 0.52 
14-18 0.98 0.90 
18-45 1.00 0.90 
45+ 0.90 0.90 

by the extent of their "program contact": being a program site, having had some con
tact with health programs, and having had no contact at all. Villages with at least 
some program contact were expected to have healthier children than other villages.
The study failed, however, to uncover any appreciable difference in the health status 
of children merely on the basis of where they lived, but breastfeeding practices ap
pear to have been affected. 

3. Aweakness of the Amsterdam scale is that it is not sufficiently refined. For example,
it takes no account of the nutritional needs of women during pregnancy or lactation, 
or the needs of the chronically ill. Nevertheless, the distortion is believed to be small 
because only a small number of people fall into these categories. 
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Intake per adult equivalent so obtained was then analyzed according to its 
nutrient content and imputed purchase value. 

The nutrients identified for the analysis were protein, calories, calcium, 
vitamin A, vitamin B1, vitamin B2, niacin, and vitamin C. Standard con
version tables were used to determine the nutrient content of tile foods con
sumed. The nutritive value of each food group consumed was ascertained,
summed up, and calculated in terms of adult equivalents. Tile intake was 
then normalized using recommended Thai standards. 

Nutritional output, or status, refers to the extent to which isfood 
absorbed and utilized in the body. It can be ascertained by clinical, bio
chemical, and anthiropometric methods. This study uses anthropometric
measures-that is, nmevasures of the body's size and proportion, which in
dicate bodily growth. Such growth is considered to be "the severest test 
of nutritional sufficiency" (Garn 1966). Anthropometric measures are usu
ally used to assess the degree of protein-calorie malnutrition, and because 
they are measures of overall sufficiency, they are often considered the most 
relevant indicators for the proper design of corrective policies. They include 
neasurement of weight, height, head circumference, and skinfolds. An
thropometric measurements are particularly pertinent when the subjects
being sttudied are children, being a more sensitive indicator of nutritional 
status in children than in adults. The measures used are: (I) the child's 
weight as a percentage of the reference weight for children of that age and 
sex, (2) the child's height as a percentage of the reference height for chil
dren of that age and sex, and (3) the child's weight-height ratio as a per
centage of the reference weight-height ratio for children of that age and sex. 

Gomez et al. ( It)55) established a method of classifying anthropomet
rc measurements whe:eby the nutritional status of children can 
be identi
fied. Modifications of their criteria are used in this study, based on the 
recommendations ot Thai pediatricians (Kasemsant The standards1977).
for classifying children on the basis of each measure are presented in the 
Exhibit. 

Nutt itionists believe that, particularly during childhood, nutritional fac
tors outweigh genetic influences in determining growth, so that anthropo
metric scores are reliable indicators of nutritional sufficiency. Each measure 
reflects a different dimension of nutritional status, so that e\ven though tiley, 
are cross-sectional measures, they can be used to infer nutrition patterns 
over time (Seonane and Latham 1971). Acute short-term Malnutrition is in
dicated by low weight for age and low weight for height but normal height
for age. Since height is a better measure than weight for assessing protein
calorie malnutrition over an extended time period, normal height suggests 
recency of deficiencies. Past chronic malnutrition, ini contrast, is indicated 
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Exhibit. 	 Standards for anthropometric measurement of children's nutri
t ional status 

Weight for age

Normal + 
 ovet 100% 	 of the reference weight for age
Normal  90-100% of the reference weight for ageFirst-degree malnutrition 75-89% of the reference weight for age
Second-degree malnutrition 60-74% of the reference weight for age
Third-degree malnutrition below 60% of the reference weight for age 

Height for age

Normal + 
 over 100% 	 of the reference height for age
Normal  95-100% of the reference height for ageFirst-degree malnutrition 90-94% of tile reference height for age
Second-degree malnutrition 85-89% of the reference height for ageThird-degree malnutrition below 85% of the reference height for age 

Weight for height

Normal + 
 over 100% 	 of the 'eference weight for heightNormal  90-100% ot the reference weight for heightFirst-degree malnutrition 75-89% of the reference weight for heightSecond-degree malnutrition 60-74% of the reference weight for height
Third-degree malnutrition below 60% of the reference weight for height 

by low weight for age and low height for age but normal weight for height.Persisting malnutrition is indicated by low percentages on all three indexes. 

MODEL AND HYPOTHESES 
A child's nutritional status reflects the combined effects of many factors,including nutrient intake, health, physiological characteristics, and behavioral factors governed by parental preferences. In this study; I considerthe family to be a cohesive unit in which parents make decisions that simultaneously affect their fertility, labor force participation, and children's health,nutritional status, and survival. According to the economic model I havechosen, four "household commodities"--child nutrition, child health, childdeaths (a negative commodity), and births are "produced" in the hiome withfamily resources as inputs. The relationships in the production process are 

depicted in Figure 1. 
The factors that determine a child's nut' itional slatus are hypothesized

to operate as follows. First, parental decisions determine the allocation offamily resources such as food, medical care, and parental attention. In making such decisions, parents are constrained by their available resources. How 
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Figure. Model of interrelationships in the production of children's nutritional status 
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successful they are in using those resources in turn depends on their "home 
production technology'--their knowledge of childrearing and their overall 
skills. The effectiveness of that technology is affected by the child's general 
physical health, which may be the product of both environmental condi
tions (e.g., sanitation), and biological factors (e.g., the child's congenital 
condition), which may impede or assist in the production of nutritional 
adequacy. 

In the model, births, deaths, health, and nutrition are closely inter
twined, being simultaneously affected by parental decisions, regarding 
desired fertility and family resource allocation. Put in the form of an equa
tion, the model hypothesizes that a child's nutritional status is determined 
as follows: 

Child's nutritional status = f[ Inutritional input, child's health, child's 
death, births, biological factors, child
care time, technology factors] 

Food consumption is an obvious input, necessary for physical growth. 
Utilization of nutrients, however, is affected by the child's health arid other 
biological factors such as the mother's health at the time of childbirth. 

Biological factors are represented in the model primarily by characteris
tics that may be transmitted from mother to child. For example, an infant's 
size is known to be affected by maternal age and parity (Love and Kinch 
1965; Morley 1973), and birth size is highly correlated with subsequent nutri
tional status. Mothers below 20 and above 35 years of age at the time of 
childbirth are at greater risk than other women of bearing children of low 
nutritional status, and being a mother's fifth or later child carries greater 
nutritional risk than being born in a lower birth order. Fligh pregnancy 
wastage-experiencing fetal deaths and neonatal deaths-indicates poor 
maternal health and consequently poor health among children who sur
vive. Close spacing of births may also harm a child's nutritional status, since 
medical evidence abounds (1-Lughes 1923; Douglas and Blomfield 1958; 
Morley 1973) showing that an interval of less than six month,. betw.en a 
birth and the next conception can have a negative effect on the tie%' child's 
weight. 

The hypothesis advanced here, however, is that these physiological ef
fects do not extend bcyond the second year of life unless they are reinforced 
by behavioral factors. In othei words, physiological effects are believed to 
be strongest in early childhood, which is defined as the first two years of 
life, and behavioral factors are hypothesized to dominate thereafter. 

Behavioral influences are those that determine the quantity and qual
ity of food consumed (including breastfeeding time), medical care, and 
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childcare time. The extent to which resources are devoted to each child de
pends on the time and other resources that the family has at its command. 
The resources actually allocated to each child are then influenced by parental
knowledge and cultural practices or prejudices, by the degree of competi
tion for those resources, and by the importance that parents attach to the 
individual child. 

Thus parental behavioral influences are captured by several variables: 
whether the mother works in the in ormal sector (in activities that are com
patible with childcare); her hours of work, if any, in the formal sector; the
number of children Under age 7 who compete for attention; and the num
ber of children the parents regard as "in excess." Other child-specific vari
ables include the length of the brea';tfeeding period, the child's sex, and 
the spacing b-tween preceding and succeeding siblings, since close spac
ing is likely to lead to competition for parental attention and family 
resources. \Vrav (1971), for example, reports studies that show that succes
sive children harm the nutritional status of preceding children. 

The model further postulates that the mother's age (introduced as a
conti nuous variable) can capture the effect of certain parental attitudes, such 
a"s fatalism or the perception that investments in children's "quality" (for
example, educaLtion and nutrition) are likehy to h ave a hOw rate of return. 

Ihe model post ulates that the degree of compelition for resources is 
ahs, ilifluenced by (current) child mortality in the faniily but tile effect of 
mortality i,;ambiguous. On one hand, child loss may reflect congenital 
p-roblems associated with maternal health. In such cases, the effect on nutrition,l statu; is expected to be negative. On the other hand, if child loss 
allows greater amounts Of resources to be devoted to the survivors, then 
curre!M m,,1 taitv is expected to augment the nutritional status of tile sur
viving children if the iumber of births is held constant so as to remove 
the "replacement motive'" of an additional birth. 

In recognition of the interrelatedness of the household commodities
child nutrition, child health, child death, and births-the follo\vin ?,simul
taneous equations were estimated, which allow for feedbucks and inter
actions: 

(1)Child's nutritional status = f, jnutritional input, child's health, 
child's death, births, biological fac
tors, childcare time, technology 
factors 1 

(2) Child's health status = 2 Ichild's nutritionai status, medical 
care, child's death, births, biologi
cal factors, childcare time, technol
ogy factors] 
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(3) 	Child deaths = f3 [child's nutritional status, child's 
health, births, food intake, medical 
care, biological factois, childcare 
time, technology factors] 

(4) 	Births = f4 Inutritional status, child's health, 
child's death, total income, income 
by source, taste factors, biological 
factors] 

The model is estimated at two levels: at the household level, where aver
ages for nutritional status are used and health variables omitted because 
a suitable ave'age measure is lacking for all the children in the household, 
and at the child level, where child-specific variables are us-d. In the house
hold model, the determinants of nutritional status, child's death, and birth 
are estimated by two-stage least-squares regression because of tile simul
taneity postulated. In the child model, health status is added and i-; 
represented by a set of dichotomous variables, so that the probit maxinum 
likelilhood procedure is used to explore the determinants of health status 
and to obtain predicted values fo' health status, which are then used a!; 
instrumental variables in the second-stage regression for nutritional sta
tus. Similarly, death and birth are variables predicted htom ordinary least-
Sluares estimates to correct for the simltaneous-equation bias that would 
otherwise result.-

In the household model, iiuttilio wl slatius is represented by three vari
ables that are averages for the household. The first is tie average weight 
score of all the children in the Lousehold, each child's ,core being the weight 
of that child as a percentage of the reference weight for children of that 
age and sex. The mean score or the sample was 91.97 with a standard devi
ation of 9.85, reflecting the widespread prevalence of mild nutritional in
adequacy. The second measure is the average height score of all the children 
in the household, each child's score being expressed as a percentage of the 
reference height for children of that age and sex. The mean score for this 
variable was 94.03 with a standard deviation of 4.56. The third measure is 
the average of the children's weight-for height scores, each score expressed 
as a percentage of the reference weight for children of that height. This meas
ure, which is a better indicator of nutrition than the other two measures, 
produced a mean value of 103.ui6, suggesting that severe chronic and per
sistent cases of malnutrition were infrequ,ent in Uhon Rachathani Province. 

.1. Results of the child death and child health regressions are not reported in this paper.
Interested readers are referred to Chulikul (1982). 
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Ii the child model the same three anthropometric measures are used, 
but the scores are child-specific. Trhe mean scores were 91.04, 93.54, and 
99.39 for wveight-for-age and sex, height-for-age and sex, and weight-for
height respectively. 

The health stait:; variable -3ppears only in the child model. A child's 
hea!th is proxied b tlire u ummy variables. The first is assigned a value 
of I i! the child had n110re than four continuous dayVs of diIa rrheatduring 
tile month iplrdiat ecedinriC the survey. The men,of (W.032 indicates 
that only 3.2 percent Oif the sanled children suffered from this problem. 
The second dumV variable is xaILuied at I if the chiId had more than four 
contih0roU1, days Of fever dtli'hlg the 11ont1th immediatelV preceding the sur
vey. The mean scoIt was (0.0h], indicating that only 6. 1percent of the chil
dren sIArveved were afflicted with this condition. The third duumy variaHle 
assurme. a value ot I i th, lkild had 'evl suffered from a chronic disease 
suLh as diphtleria,1,tphOid, om tuh, uilsi,. Ihe sarmplean for this vari
able was ().198. 

lhit MoirtaliI/ is represented b\ the,, iimnher ,;f deaths amon children 
under 7 Y'ears olL as a proportii Oi the t,,til numer It births in the fam
ily within tile past -,even [e'ilr tocontrol for theIli, pri:porti~m is used 
fact that families with mrte births wolld have ilOrT Childelil e\posed to 
the rik ot mortalitv. [lie incidence oftchild mortality in thisample was 

expetted, iLeirig 1.011 withlOw, as the, salpie 1ne,1 a Stanrd deviation 
otf0.026. 

I'rtilitl, is lt'asurdL ; "., n,mb:er Ot live births per year Of exptosure 
to conception ill the lat, seven years. [his measure of current fertility is 
selected becausU I lypotl'esited that current ertility had anl interacting ef
'ect Onlthe nutritiolal Statuls of Clhildreri tllddr lge 7. The sample riean 
was 0.473 with a standard deviaton Iof0.233. 

.Aun11iiia'v, sVtaisties aild desriptiOn tlfhese v'arialles and tile exogenous 
variables are Presnlrited ini Appendix lible 1. 

FINDINGS 
The analYsiS revealed the e\istlence of moderate degrees If intritionl iii
adequacy, typical of the overall Iutrlitiolnal situatini in Thailand. Severe 
cases of niialnitrition were i'are, but moderate defici,'ncies were widespread,
with specific pr iblenis ini ccrtain nutrients and anluog particular groups
01 people. [his ge reeril sceria rio is replicated regardless If tlie nutrition 
liiasure uLsed. 

Ii terills Of ile iiutrieit C lltenit of household intake per adult etluiva-
Writ, tile ri rriii id smple iea nS illi lhblU 0 shlw tihat deficicies Occur 
ini all the nutrients, tilie severest being ili vitamin A, vitramini B2, and vita
min C. The low mlealls comriibined with the small standard deviations im
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Table 6. 	 Recommended nutrient requirements and normalized nutrient 
content of household consumption per adult equivalent among
sample households 

Recommended Sample Normalized 
Nutrient daily allowance a mean sample mean S.1). 

Protein (gin.) 	 38 33 0.86 0.462 
Calories (kc.) 1,955 1,922 0.98 0.388 
Calcium (mag.) 480 420 0.87 0.200 
Vitamin A (std. unit) 1,989 0.23455 0.307 
Vitamin B1 (rag.) 0.79 0.51 0.65 0.201 
Vitamin B2 (rag.) 1.08 0.370.40 0.215 
Niacin (ing.) 14 10 0.71 0.105 
Vitamin C (mg.) 27 12 0.44 0.188 

a. Obtained from the Nutrition Planning Division, National ERonomic and Social Develop
ment Board, Bangkok, 1975. 

ply that the majority of the households consumed much less than the re
quired amounts Of these nutrients. For protein and calories, however, the 
sample means indicate average consumption levels that were only slightly 
below recommended standards. Calorie consumption was 98 percent of 
recommended allowances, and protein consumption was 86 percent of the 
standard. Averages can be misleading, however. The high standard devia
tions (0.462 for protein and 0.388 for calories) mean that large variations 
existed in the consumption of these two vital nutrients, and many families 
were likely to be suffering from severe deficiences. 

Nutritional intake can be measured also by the household's monetary 
expenditure on food or by the food's imputed purchase value. I obtained 
the value of total food consumed by multiplying the quantities of food con
sumed by the average market prio, for each food group in the province. 
The latest available recoImended minimume food budget for the North
eastern region was 116 baht (US $5.80) per month per person in lI975 (Krong
kaew I9f79). Even with an exaggerated inflttion rate of 10 percent per annum, 
the sample mean of 276.09 baht per month in 1979. still represents an im
provement. But the large standard deviation of 83.65 baht reflects substan
tial disparities in the living conditions of the sample families. As expected, 
lower-income households had to devote a greater proportion of their ex
penditure to food (Table 7). 

Examination of the outcome measure-nutritional status-reveals a 
roughly similar picture. The distribution of the sampled children by their 
nutritional status (Table 8) shows that the weight measures, which indicate 
current nutritional status, present a generally more optimistic picture than 



Findings 19 

the height measures, which reflect long-term conditions. The weight-for
age criterion classifies 48 percent of the children as malnourished, though 
less than I percent are in the severe, third-degree category. Nevertheless, 
it large proportion, 61 percent, were found to be malnourished according 
to the height-for-age meaSure, though only 5 percent of them were in the 
third-degree group. These results were not surprising since the survey was 
undertaken immediately after the harvest period when current consump
tion levels are likely to be above average. But they suggest that patterns
of consumption may be erratic from one season to another, whereas regular
ity of intake iS important for growing children. 

Table 7. 	 Food expenditure as a percentage of total expenditure on current 
consumption, by income class and number of adult equivalents 

Income class 	 %, IVnumber of adult equivalents
(baht equivalent)" 	 -=3 3-3.9 4-4.9 5-5.9 26 

-5,000 	 78.1 79.376.6 83.1 84.8
 
5,000-9,999 
 74.3 74.8 77.9 81.7 82.1
 
10,000-14,999 72.5 74.0 80.9
72.8 79.1 

15,000- I,999 70.5 75.2 79.1
72.2 77.4 

220,000 
 67.7 69.0 71.3 72.4 74.5 
No. of households in sample 105 122 137 99 119 

.1. Includes all income in cash and kind. 

Table 8. 	 Sampled children, by nutritional status and standard measure 

Weight for age Ileight for age Weight for height 
Nutritional No. of No. of No. of 
status children % children children % 

Normal 1- 321 23 173 12 413 29 
Normal - 421 30 383 27 600 42 
First degree 568 41 516 36 354 25 
Second degree 98 7 278 20 44 3 
Third degree 8 * 66 55 * 

Total 1,416 1,416100 	 100 1,416 99 

sum 10() 

' Less than ipercent. 

Note: ['ercntages may not to because of rounding. 
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Causes of child malnutrition 
Child malnutrition can be ascribed to five main factors: poverty, mother's 
choice about labor force participation, sibling competition, some physio
logical factors, and ignorance. In my sample, behavioral factors generally 
tended to outweigh physiological effects, particularly among older children. 
The effects of poverty, ignorance, and physiological factors can perhaps be 
expected, but the detrimental effects of a mother's work choice warrant 
attention. 

Pove'rtyc and child ialnutritioni 
Low incole-poverty--was found to limit tile nutritional intake of the sam
pled fanilies. As expected, poor falilies consuned less of all kinds of food 
and COnesumnied nutritious foods (particularlV high-proteil foods such as 
neat) less frequently than better-off famil iey and their children were con
setluently less well nourished. The income elasticity of food cIInsulmption 
is low; that is, as income rises, f o0d consuimptiIl Ialso ilcreases but does 
soit a lower percentage rate. I lence, very substa ntil i icreases :ncil1t'tO 
are needed to bring about ilproved nulrttitliln. 

Regression esihaf's of the leterminantias olf nufiritinil status (lable 9) 
show that falmilies that spent oltrC income1t0 oI f[l)od ptr Ldult eCLuivlent 
were better able to feed their \'tVlung than \xUl'ee other families. Children in 
those faniIes \eret bette r ()t n1utritionalh'; bot h average' weight for dge and 
average weight [Or height were ii( iVased \ tile IiIhITr expend itu re on food. 
Children's ,,werage height ftr age. limwever, wa nlit sig llificatlll'N' affected. 
These findings are plLusible because the weight meat',sures ire tmore Iikel\' 
than the height met asire to reflect cuirrent intake, inclcurre,nt expenditure 
onl iood is a nie,sure of current intake. 

Fainilies with high ftitd expeinditu res were tih ise with high iinlCline aid 
large landholdings. Regression anal'sis of food expenditile and the nor
inalized intake Of protein on houisehIld characteristics (Table I0)shows that 
fam ilies w ith large pla nted ,lreis of ,andi spenl significantly inuMre m0nlley 
on1fotd and COn)Sulmed more proteinl th a ther fainliliUs. (Proteil Was chi 
sell as til represeltative iutrient because pro teiii-calorie m1alufrit ioln is 
the main concern of the suCIv aId the siinphe ctrrelation betxveen protein 
and calorie consumption was v'erv high -0.c4.) I louseholds with higher 
farmn income also spent ltrre til food. It is notewo rth that the same so
cioecontllic cli aracteristics--higher ilnctiliie Or weaIlth ancL non farm occu
pation-tended tt hl\ve siinilar augnentiig effects on food expenditure and 
protein consumption. lHut in spit' of inc lmie's importance in determining 
the amonrt of food ClInsInCLd, thie elasticit V of foodUexpenditure with 
respect to income is less than one wotuld expect. The elasticity (offooid ex
penditure with respect to f,irl income, evalutied at sample means, was 



Table 9. Household model: two-stage least squares regression estimates of nutritional status equations 

Right-hand variables Weight score Height score Weight-for-height score 

Child mortality 2.01380 (.3682) 4.78900 (1.65890) -6.41230 (-.8976)
Current births -. 34875 (-.2984) 2.35700 (1.99030) -6.54610 (-2.3544)
Months of breastfeeding .00040 (.0099) -.09832 (-1.93340) .09335 (1.9433)
Hours of work -2.95780 (-3.7875) -1.53420 (-3.45380) -.33112 (-.2234)
Work in informal sector 12.26700 (14.1780) 3.42310 (10.25900) 3.32250 (2.9236)
Food expenditure per adult equivalent .01780 (2.6873) .00084 (.00288) .02756 (3.7811)
Mother's age -.05785 (-.6667) -. 11294 (-2.33980) 1.31223 (10.7490)
Excess number of children 
Age -20 at first childbirth 
Age :-35 at first childbirth 

Priority given to feeding children 

.09234 

-. 13779 

-. 27885 

2.03470 

(.3622) 

(-.1579) 

(-.1711) 

(.4999) 

-. 29770 
-1.21890 

-. 18240 

.44255 

(-1.23930) 

(-2.54780) 

(-.32217) 

(.17380) 

1.05030 

722310 

-13.03480 

1.35690 

(2.3794) 

(5.2398) 

(-1.3281) 

(.1993) 
Constant 

No. of observations 
83.23400 (19.7220) 89.39400 (38.65800) 57.32300 (10.4345) 

582 

Note: Figures in parentheses are asymptotic ratios; therefore no significance levels are given. _1" 



Table 10. Household model: ordinary least squares regression estimates of food expenditure and normalized [ 
protein intake per adult equivalent 

Elasticity 
at means 

.32035 

.17511 

.01215 

-. 32512 

-.05990 

-. 00629 

.00053 

-. 00093 

.00051 

.05112 

-. 18542 

.03522 

Coefficient 

.02008 

.00007 

.00004 

.00419 

-8.66980 

-. 26605 

1.16370 

1.39970 

1.45170 

.00570 

-. 38759 

.31389 

-1.38270 

582 

.19 

10.14* 

Protein intake 

Asymptotic 
t-ratios 

(1.0322) 

(2.0239)* 

(.7960) 

(1.1031) 

(1.8038) 

(-1.0392) 

(1.1502) 

(2.5022)* 

(.9428) 

(2.3209)* 

(-2.0211)* 

(1.2337) 

(-1.9180) 

Elasticity 
at means 

.71340 

1.02230 

.32500 

.29050 

-1.12910 

-. 10240 

.04601 

.03255 

.00844 

.46981 

-. 32585 

.08410 

Dependent variable 

Mother's age (MAGE) 

Value of farm production (FPRODV) 

Nonfarm income (NFY) 

Predicted mother's wage (PRMWAGE) 

Ignorance variable (KM1) 

Ignorance variable (KM2) 

Wealth index 1 

Wealth index 2 

Wealth index 5 

Planted area (PLAREA) 

Farm occupation (OCCUF) 

Father's education (EDFA) 

Constant 

No. of observations 

R2 

F-statistic 

* Significant at the 5 percent level. 

Food expenditure 

Coefficient 

2.89511 

.00437 

.00051 

-1.50633 

-1.85254 

-5.24654 

4.30376 

-12.83810 

28.16120 

.19769 

-70.80580 

2.24053 

263.92110 

582 

.20 

11.70* 

Asymptotic 
t-ratios 

(1,8574) 

(3.7589)* 

(.8763) 

(-2.6540)* 

(1.3038) 

(-1.7654) 

(1.2311) 

(1.5987) 

(3.4420)* 

(4.3223)* 

(-7.1865'* 

(1.0047) 

(15.1980) 
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0.18, consistent with findings from other studies in Thailand (for example,
Konjing 1981). 't,, the elasticity has to be interpreted in relation to labor's 
share of incomn, since planted area can be considered a proxy fc: other 
factors of production. 

The effect of nonfarm income may be confounded with the effect of 
wealth ([able 10). Nonfarm incone seems to have had no discernible effect 
on food expenditure, but possession of small consumer items (wealth in
dcx 5) appears to have augmented food consumption somewhat. (Details 
on the construction of the wealth indexes are presented in Appendix Table 
2.) On the other hand, this finding may' suggest that income from 
nonagricultural sources tended to be used for purposes other than tood. 

Farm families also tended to be less well off than others in their food
consumption. This observation, in conjunction with tile result that farm 
production value increased nutritional intake, suggests that the income ef
fect tended to outweigh the adverse effect of having farming as an occupa
tion. In other words, farm families tended to consume less food than families 
in other occupations, but among the farm families those whose farm produc
tion was large enoLgh consumed more food than others. It appears then 
that tile poorer farmers with small landholdings and low output were the 
worst off. 

Mothe's work and child ilttritionl 
A major finding of tlis stud\' is that maternal labor force participation had
all important effect on child nutrition. In developing countries it is comi
mon for women to, work in so-called informal-sector occupations that are
compatible with childcare. About 48 percent of the women in the present
sample worked solely in such jobs as raising silkworms, weaving and spin
ning, making mats and baskets, and running small grocery stores in the 
home; and they were found to take better care of their children nutrition
ally than women who were employed in formal jobs, which included farm

labor and 'york in small retail and service stores (such as hairdressers). Thus
 
a mother's choice of work activity was found to have important conse
quences for her children. 

Jaffe and Azuini (1960) and [ lass (1972) found that women working in
informal. sector jobs had higher fertility than women working in the for
.eal sector. In order to aclieve a reduction in fertility the\, reconmended 
that formal-sector jobs be created to draw women away from the home. 
Althoulgh the present study provides mild support (equations not shown)
for the hypothesis that formal-sector work induces a fertility decline, the
findings iidi Mre im p( rtantly that a mother's switch from an informal
secr to a t,w)ral-se. tr job is detrimental to her children's "q uality" ineas-
Utred b' nutritional -,tatus. As Table 9 shows, informal-sector work that in
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volved mothers in activities that did not conflict with childcare increased 
significantly all three measures of nutritional status. If a mother worked 
in the home, the average nutritional status of her children was up to 12 
percentage poiPts higher than if she worked4 away from home. 

Moreover, the longer her hours of work in the formal labor market, the 
lower were the average weight-for-age and the average height-for-age of her 
children. The magnitude of the effect was considerable. A coefficient of 
-1.534 for hours of work in the height score regression (Fable 9) indicates 
that, other things being equal, a mother who spent thirty hours a week 
in a formal-sector job had children whose average height score was 46 per
centage points lower than that of children whose mothers did not work 
in the formal sector. Of course, the effect may be exaggerated since non
linearitie-, are not taken into acCount nere. It is possible that ihe effect may 
diminish as the number of lbours in the formal sector increases. 

iwe possible explanations for the adverse effect of formal-sector work 
on child nutrition are that not enough of the income from formal-sector 
work was spent on inputs that wotuld augment children's nutrition, or that 
purchased inputs were not good substitutes for the mothe:'s time spent 
in producing good nutrition. Whatever the correct explanati, n may be, it 
has important policy implications in view of the seriousness of childhood 
malnourishment on later physical and mental development. Where poli
cies exist to raise or reduce fertility by encouraging women to work in the 
formal sector, policymakers must be cognizant of the adverse effect of such 
work on children's nutritional status so that proper preventive measures 
can be incorporated into the policies. 

When the individual child was the unit of analysis, the effect of 
informal-sector work on child nutrition was confirmed. Child nutrition was 
enhanced substantially when the mother worked in the home (Tables I 
to 16). The effect wa more pronounced for very young children, whose 
nutritional status score improved up to about 20 percentage points, depend
ing on the measure used. This is a reasonable finding, since very young 
children are more likely than older children to be in need of their mother's 
care, being less able to fend for themselves and defend their share of food 
intake. 

Siblin, competition and malnutrition 
The analysis revealed that high fertility was not conducive to good nutri
tion. Other things being equal, larger families had more malnourished chil
dren than smaller families. Families with many young children were more 
likely to have children with low weight-for-height scores (Table 10). This 
finding suggests competition for resources among the y,,ourng children. Sib
ling competition was even more apparent when the individual child was 
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Table 11. Child-specific regression: final-stage results for children of ages
0 to 3, with weight for age as the dependent variable 

Coefficient, by age 
Independent variable 0 1 2 3 

Predicted incidence 4.24160 5.3919 ** 6.60980 
of diarrhea (1.24280) (.6952) (1.60640) 
Predicted incidence -30.37600 -26.7970 -42.69300 -12.71400 
of fever (-5.79640) (-4.9736) (-8.07300) (-3.78300) 
Predicted incidence 
of disease 

-14.59000 
(-2.14860) 

13.7260 
(1.3266) 

-3.43200 
(--.48270) 

-18.42800 
(-4.67400) 

Predicted incidence -34.19200 -30.1960 10.54500 15.34900 
of mortality (-2.61830) (-5.2763) (2.10910) (2.18200) 
Predicted incidence -8.38120 -67.8280 6.12220 -90.00700 
of fertility (-.57380) (-6.9450) (.34024) (-5.21100) 
Proportion of 
life breastfed 

-. 01862 
(-.39820) 

1.5425 
(1.1734) 

-1.02210 
(-.44010) 

-7.12350 
(-4.08800) 

Hours of work .00180 -. 1203 .43486 -. 11999 

Work in informal 
(.00860) 

17.50200 
(-.8783) 

6.8612 
(1.62900) 

19.21300 
(-1.05800) 

2.64420 
sector (3.88400) (2.0791) (3.20700) (.87750) 
Food -.00021 .0205 .01332 .01302 
expenditures (-.01410) (2.0028) (1.45980) (1.83880) 
Mother's age .02264 -.2924 -.36697 -. 81221 

(.06410) (-1.1973) (-1.37100) (-3.21600) 
Excess number -. 61682 -. 2967 .09057 .91258 
of children (-1.06610) /-.6363) (.12477) (1.46990) 
Mother's age -20 2.43570 13.2340 -. 62714 -3.39380 
at childbirth (.81210) (5.5435) (-.19140) (-1.66700) 
Mo(her's age -35 5.76710 5.0105 2.12120 .42060 
at childbirth (1.07930) (1.4033) (.71122) (.17868) 
Space before -. 25548 .0648 -.01272 .13205 
birth (-.91670) (.9422) (-.12150) (2.81330) 
Space after .04715 -. 0848 .02979 -. 06937 
birth (1.13810) (-3.0606) (.40648) (-2.16300) 
Pregnancy .30880 1.2613 -. 58809 2.87410 
order (.64760) (2.6600) (-1.83050) (3.82730) 
Female child -1.29630 -1.2065 -.08432 .33490 

(-.82010) (-.9345) (-1.02300) (1.21230) 
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Table 11. (continued) 

Coefficient, by age 

Independent variable 0 1 2 3 

Constant 98.75900 123.4300 87.64100 156.94000 

(4.62670) (10.4780) (6.28200) (10.43400) 

N 151 167 145 144 

Note: In this and subsequent regression tables, figures inparentheses are asymptotic t-ratios. 

The first-stage probit regression does not converge. Consequently, the variaible represent
ing predicted incidence of diarrhea, which appears in the other equations, is dkopped from 
subsequent analyses for this age group. 

Table 12. 	 Child-specific regression: final-stage results for children of ages 
4 to 6 and 0-6 combined, with weight for age as the dependent 
variable 

Coefficient, 	by age 

Independent variable 4 5 6 0-6 

Predicted incidence 8.28620 -4.09800 8.33470 5.78400 
of diarrhea (1.85410) (-1.28600) (1.72550) (1.45910) 

Predicted incidence -14.68300 ** -17.2149 -10.40800 
of fever (-4.47400) (-6.16700) (-2.67600) 

" Predicted incidence .86825 -. 78706 2.77040 -6.57 ') 
of disease (.16310) (-.12720) (.55720) (-1.13700) 

Predicted incidence 48.24800 70.57100 22.66000 -23.30300 
of mortality (5.63900) (6.21880) (2.09170) (-2.23900) 

Predicted incidence -77.15100 97.19300 -40.97900 -51.53800 
of fertility (-5.75200) (6.29230) (-1.91700) (-2.23100) 

Proportion of -3.55130 --().51270 1.34760 .70211 
life breastfed (-2.15200) (-3.57400) (.51)720) (4.07980) 

Mother's hours -. 40361 .16461 -. 41250 -. 07284 
of housework (-3.06900) (1.57650) (-2.18500) (-1.15900) 

Mother's work in 13.66100 21.57300 2.55740 13.50500 
informal sector (4.14640) (6.60970) (.52050) (8.31970) 

Food 	 .03789 .03934 .02198 .01332 
expenditures 	 (5.69990) (5.46490) (1.81560) (1.69110) 

Mother's age .55753 1.11620 .27639 -. 40885 
(2.70870) (4.54360) (1.32370) (-1.79900) 
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Table 12. 	 (continued) 

Coefficient, 	by age 
Independent variable 4 5 6 0-6 

Excess number 
of children 

2.63560 
(4.18000) 

--.05250 
(-.11080) 

2.18950 
(1.29330) 

.53302 
(1.58770) 

Mother's age < 20 
at childbirth 

9.47330 
(4.19850) 

-4.52270 
(-2.10810) 

2.08140 
(.63470) 

3.93050 
(1.85240) 

Mother's age 
at childbirth 

-35 -8.65080 
(-3.18210) 

-11.02200 
(-4.02230) 

-9.22530 
(-1.78901) 

2.96170 
(1.86100) 

Space before 
birth 

.11674 
(1.60840) 

-.07352 
(-1.80630) 

.00928 
(.15560) 

.04087 
(1.18580) 

Space after 
birth 

.14258 
(4.34570) 

.124010 
(4. 18240) 

-. 01368 
(-.34600) 

-. 00594 
(-.45640) 

Pregnancy 
order 

3.23830 
(4.62810) 

-3.67840 
(-5.63870) 

.05804 
(.09971) 

1.03640 
(1.92330) 

Female child 1.23800 1.3,,73) .98504 -. 01494 
(.98340) (1.20380) (1.02930) (.02973) 

Constant 99.79300 5.99890 101.41000 122.18000 
(13.36200) (.45250) (7.05900) (5.92890) 

N 144 146 109 1,006 

*"See note in Table 11. 

Table 13. 	 Child-specific regression: final-stage results for children of ages 
0 to 3, with height for age as the dependent variable 

Coefficient, by age 
Independent variable 1 2 3 

Predicted incidence -. 74370 5.39190 ** -. 02194 
of diarrhea (-.44790) (.69520) (-.00640) 
Predicted incidence -6.37670 -26.79700 -141.55200 -3.15130 
of fever (-2.50090) (-4.97300) (-3.71500) (-1.11800) 
Predicted incidence 2.2)100 13.7260 -7.94780 -3.79230 
of disease (.69340) 	 (1.32660) (-1.50900) (-1.14700) 
Predicted incidence -1.52010 -30.19600 7.88310 2.34140 
of mortality (-.2,1190) (-5.27600) (2.12900) (.39690) 
Predicted incidence 24.67100 -67.82800 9.42600 -27.12400 
of fertility (3.47130) (-6.94500) (.70730) (-1.87200) 
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Table 13. (continued) 

Coefficient, by age 
Independent variable 0 1 2 3 

Proportion of .01454 1.54250 -. 17795 -1.71620 
life breastfed (.13810) (1.17340) (-.10350) (-1.81100) 
Mother's hours .08357 -. 12026 .20694 -. 08019 
of housework (.00860) (-.87S.1O) (104670) (.84370) 
Mother's work in 8.92520 6.86120 12.76400 1.79410 
informal sector (4.07100) (2.07910) (2.88780) (.70990) 
Food .01905 .02045 .00389 -. 00078 
expenditures (2.58680) (2.00280) (.57873) (-.13170) 
Mother's age .32924 -. 29235 -. 38135 -.33502 

(1.91700) (-1.19700) (-1.92400) (-1.58200) 
Excess number -. 38481 -. 29670 -. C105 .26598 
of children (-1.36700) (-.63630) (-. 16870) (.51080) 
Mother's a3e  20 -2.92810 -. 45234 -2.85680 -1.58090 
at childbirth (-2.00640) (-.27150) (-1.17300) (-.92570) 
Mother's age -35 -1.66760 -4.11920 .950-0 .80317 
at childbirth (-.64140) (-1.65300) (.42860) (.40680) 
Space before .06829 .05358 .03729 .04067 
birth (.50360) (1.11530) (.48068) (1.03310) 
Space after -. 02059 -. 00409 .05800 -. 02835 
birth (-1.02140) (-.21570) (1.06430) (-1.05400) 
Pregnancy .40363 .10753 .04604 .80832 
order (1.73960) (.32495) (.19273) (1.28340) 
Female child -. 93840 -1.39480 -1.37480 .95782 

(-1.57380) (-1.83740) (-.95670) (.92830) 
Constant 63.37000 91.00800 92.88200 114.05000 

(6.10160) (11.07100) (8.98930) (9.04000) 
N 151 167 145 144 

"*See note in Table 11. 
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Table 14. Child-specific regression: final-stage results for children of ages 
4 to 6 end 0-6 combined, with height for age as the dependent 
variable 

Coefficient, by age 

Independent variable 4 5 6 0-6 

Predicted incidence .42954 -4.74390 -2.47140 -2.79970 
of diarrhea (.15040) (-2.31530) (-.79880) (-.92410) 

Predicted incidence -4.11410 ** -3.03450 -3.16190 
of fever (-1.96200) (-1.69730) (-1.53700) 

Predicted incidence 1.38550 .44050 1.70500 -8.18670 
of disease (.40720) (.11120) (.53540) (-2.34900) 

Predicted incidence -9.25330 17.37900 12 04700 -12.68800 
of mortality (-1.69300) (2.39160) (1.73630) (-2.02300) 

Predicted incidence -15.34800 15.57400 -18.82500 -37.46000 
of fertility (-1.79400) (1.57450) (-1.37500) (-2.69200) 

Proportion of -1.08040 -2.23610 -2.46350 .34855 
life breastfed (-1.02400) (-1.91700) (-1.44800) (3.36180) 

Mothe2r's hours of -. 17678 .02087 -. 26684 -. 09746 
housework (-2.10400) (.30340) 1-2.20600) (-2.57600) 

Mother's work in 2.84266 7.26000 -. 45308 5.35720 
informal sector (1.35030) (3.47370) (-.1,1390) (5.47800) 

Food .00596 .00602 -.00860 -. 00858 
expenditures (1.40210) (1.30620) (-1.10900) (-1.81000) 

Mother's age .24381 .11,420 .21174 -. 45252 
(1.85380) (.98020) (1.58320) (-3.30500) 

Excess number .04404 .29190 1.11580 .17942 
of children (.10930) (.96210) (1.02900) (.88710) 

Mother's age - 20 2.51290 -. 48747 3.19470 1.53200 
at childbirth (1.74300) (-.35480) (1.52100) (1.19850) 

Mother's age -35 -3.78140 -2.48420 -4.04320 2.47840 
at childbirth (-2.17800) (-1.41600) (-1.22400) (2.58490) 

Space before -. 01462 -. 02329 .06534 .06234 
birth (-.31530) (-.89390) (1.70900) (3.00190) 

Space after -.00566 .02583 .02532 .01571 
birth (-.26980) (1.36030) (1.00020) (2.00220) 

Pregnancy .88350 -.55948 -.03892 1.03660 
order (1.7610) (-1.33900) (-.10440) (3.19330) 
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Table 14. (continued) 

Coefficient, by age
Independent variable 4 5 6 0-6 

Female child -1.87640 -. 98675 -. 65212 .34217 

Constant 
(-.90010) 
90.89700 

(-.87780) 
80.54200 

(-1.09900) 
103.49000 

(1.0919u) 
12(.67000 

N 
(19.04900) 

144 
(9.48700) 

146 
(11.24700) 

109 
(10.20300) 

1,006 
**See note in Table 11. 

Table 15. 	 Child-specific regression: final-stage results for children of ages
0 to 3, with weight for height as the dependent variable 

- -_Coefficient,by age 
independent variable 0 1 2 3 

Predicted incidence 1.72970 3.60950 6.40620
of diarrhea (.91660) (.40890) (1.15930) 
Predicted incidence -8.23900 - 17.14301 -29.31200 - 14.46300
of fever (-2.84330) (-2.79540) (-4.6780(0) (-3.20400) 
Predicted incidence -1.43640 .14321 -2.13610 -14.79500
of disease (-.38260) (.01220) (-.25350) (-2.79400) 
Predicted incidence -8.23100 -14.34100 6.80450 -16.79800 
of mortality (--l.15290) (-2.20160) (1.14440) (-1.77800) 
Predicted incidence - 14.24100 -32.08600 7.22850 -56.76900
of fertility (-1.77560) (-2.8864)) (.33779) (--2.44700) 
Proportion of -. 48257 	 -1. .8040 -. 79435 	 -2.97830
life breastfed (-4.03150) (-.98940) (-.25500) (- 1.27200) 
Mother's hours .13319 	 -. 01060 .39872 -. 00781
of housework (-1.16210) (--.06780) (1.25590) (-.65560) 
Mother's work in -. 68384 1.69270 13.57700 1.47310informal sector (-.27450) (.45060) (1.91300) (.36399) 
Food -. 00318 .02415 .01527 .02522
expenditures (-.37980) (2.{)7810) (1.41270) (2.65140) 
Mother's age .02989 	 -. 02505 -. 03889 -. 52863 

(.15320) (-.09012) (-.12220) (-1.55900)
Excess numbe: -. 10414 .60649 -. 67892 .76046of children 	 (-.32550) (1.14260) (-.78640) (.91199) 
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Table 15. 	 (continued) 

Coefficient, 	by age 

Independent variable 0 1 2 3 

Mother's age - 20 2.35890 11.66400 .75614 -3.82830 
at childbirth (1.42230) (4.29250) (.19407) (-1.39900) 
Mother's age -35 -. 91420 1.55380 -1.34220 2.35680 
at childbirth (-.30940) (.38232) (-.37840) (.74550) 
Space before -. 11873 -. 02894 -. 04486 .00984 
birth (-.77080) (-.36940) (-.36140) (.15610) 
Space after .02565 -. 05005 .04729 -. 06357 
birth (1.11970) (-1.60670) (.54247) (-1.47600) 
Pregnancy -. 03981 .42183 -. 44045 1.85010 
order (-.15100) (.78158) (-1.15300) (1.83430) 
Female child -1.60480 -1.37800 -. 39840 .98347 

(-1.85500) (-.98370) (-1.29700) (1.08230) 
Constant 98.15800 102.89000 84.46300 143.88000 

(8.31640) (7.67360) (5.11050) (7.12230) 
N 151 167 145 144 

** See note in Table 11. 

Table 16. 	 Child-specific regression: final-stage results for children of ages 
4 to 6 and 0-6 combined, with weight for height as the depen
dent variable 

Coefficient, by age 

Independent variable 4 5 6 0-6 

Predicted incidence 9.85420 .11024 15.52300 7.15250 
of diarrhea (1.61280) (.02860) (2.33870) (1.08910) 
Predicted incidence -14.14800 ** -18.78300 -7.57760 
of fever (-3.15300) (-4.89700) (-2.01100) 
Predicted incidence -. 13655 1.44720 2.04760 19.21300 
of disease (-.01870) (.19330) (.29970) (2.52630) 
Predicted incidence -29.8760(1 69.53300 2.91050 19.00000 
of mortality (-2.55400) (5.06280) (.19550) (1.38840) 
Predicted incidence -41.62100 104.52000 2.36050 34.79700 
of fertility (-2.27300) (5.59120) (.08040) (1.14570) 
Proportion of -2.35740 -4.93040 6.18890 -1.70300 
life breastfed (-1.045001) (-2.23600) (1.69520) (-7.52500) 
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Table 16. (continued) 

Independent variable 

Mother's hours of 
housework 

Mother's work in 
informal sector 

Food 
expenditures 

Mother's age 

Excess number 
of children 

Mother's age - 20 
at childbirth 

Mother's age -35 
at childbirth 

Space before 
birth 

Space after 
birth 

Pregnancy 
order 

Female child 

Constant 

N 

*"See note in lhble 11. 

4 

-. 30250 
(-1.68200) 

7.16050 
(1.58970) 

.03677 
(4.04510) 

.60987 
(2.16720) 

1.51880 
(1.76190) 

7.31580 
(2.37150) 

-4.80380 
(-1.29200) 

-. 00201 
(-.02020) 

.09304 
(2.0742(0) 

1.21900 
(1.27420) 

.40389 
(1.03840) 

103.54000 
(1(0.1100) 

144 

Coefficient, by age 
5 

.20823 
(1.64780) 

18.20200 
(4.60800) 

.04813 
(5.52430) 

1.43960 
(4.84190) 

-. 31715 
(-.55310) 

-2.34220 
t-.90200) 

-13.15600 
(-3.96700) 

-.0)6876 
(-1.39600) 

.10695 
(2.98050) 

4.01190 
(5.08110) 

.48759 
(.49380) 

7.61320 
(.47,14J) 

146 

the unit of analysis. The fourth rows of t'Fables I I to 

6 0-6 

-. 17290 -.03333 
(-.66640) (-.40360) 

3.19270 3.28670 
(.47290) (1.53980) 

.04969 .05743 
(2.98730) (5.54580) 

.07623 1.45090 
(.26570) (4.85600) 
-. 87068 .25958 

(--.37430) (.58800) 

-4.57940 4.34040 
(-1.01600) (1.55560) 

1.04390 -11.29400 
(.14730) (-5.39700) 

-. 12535 .01321 
(-1.52900) (.29150) 

-. 04884 -. 06750 
(-.89920) (-3.94200) 

-. 21533 -1.53300 
(-.26920) (-2.16400) 

1.26340 -2.58710 
(1.04890) (-3.78200) 

97.92700 26.37100 
(4.96110) (.97320) 

109 1,006 

16 show how the inci
dence of death in th. hot. sehld affected surviving children's nutritional 
status. (Child mortalitv was defined as the predicted number of deaths to 
6-year-olds and under, as a proportion of total births during the last seven 
years.) An interesting pattern emerges. For children less than 2 years old,
the effect of chiid mortaiitv on nutritional status (W\hen- significant asymp
totically) was invariably negative. !-or children of older age,, the effect was 
reversed and the coefficients were almost always positive. The only excep
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tion was the effect of mortality on weight-for-height scores, shown in Table 
16. Both physiological and behavioral mechanisms may have been at work 
here. Weak, malnourished mothers are more likely than healthy mothers 
to produce babies who do nm ,,urvive. I ligh mortality in the home may 
thus reflect congenital health problenis that impair a child's nutritional status 
it) early i.fancv, the pt.oLtAd inl which plsiological effects are likely to 
dominate. I lence, tl eff'ct of child mortality was negative in the first two 
years. F:or surviving children beyonod age 2, however, high child mortality 
may allow them to receive more attention and thus to have better nutri
tional status ,as a resuIt of diminished sibling competition. Of course, no 
parent is astMIed to cause a child',; death intentionally, (although in some 
stocieties selective neglect is commoi, and condoned): but in the face of lim
ited resources, chtil neglect ma' occur. Thus a child's nutritional status 
varies inversely with the number of siblings present in the horne. 

The results of the fertilitV equation show that farm families with large 
land holdings (planted area) had higher fertility than other families. The 
fitted t\wo-stage least-squares equation used for fertility was: 

BRTtI = - 1.398 - .006\weight + .022 height + .004 \%,eight for height 
+ .(06 predicted mother's wage - .202 incidence of death 
- .025 mother's age - .00005 farm production value* 
- .0t) nonfarm income + .001 planted area* 
+ 013 childcare alternative + .21' farm occupation* 
* .007 father's education - .055 program status 

where *denotes significance at the 5 percent le -el only in the ,1symptotic Sense. 

The value of farm production tended to reduce recent fertility. This nega
tive relationship is common where the economic value of children is per
ceived to be high (IRosenzweig, IQ77). If childrftn assist their parents i'i 
production, then children can be viewed as income-generating assets that 
take the place of income from other sources. Thus parents with high earn
ings may be expected to depend less on their children as income-earners 
than do parents with low earnings. Where the economic value of children 
is high and children are viewed as productive agents who augment family 
income, a negative relationship between income and fertility is likely to ex
ist. Fir poor familie!!, children tend to be investment goods as well as con
su11mptioil goo{dS, providing not 0nV child labor but also the poten-tial for 
old-ige support. In societies where institutionalized forms of old-age secu
rity ionot exist, children are often tie sole supporters of their parents in 
old age. 
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Physiological factors and malnutrition 
'File role of physiological factors in determining the nutritional status of chil
dren in the sampled families is uncertain. Neither close birth intervals nor 
high pregnancy wastage seem to have affected the nutritional status of sLc
ceeding children. Nor did the mother's ige at childbirth or the pregnancy
order have a systematic effect. Mothers \xho had closel* spaced pregnan
cies did not, as a grou p,appear to have more malnourished children than
other mothers, and mothers with a record of high child loss tended to have 
children of weak nutritional status only in the childj"l':sfirst two years of 
life. These findiidngs suggest that pr(er care aInd nurture can rehabilitate 
children who have been previously ma! nourished. 

According to ml bhpItthesis, tie longer the interv,Itf recuperation be
tween births, the heatdieli the Mother would be a1d the igher would be 
the nutritional statLus Of her cliil ren, part icularh' in early infancy. Fhe resI lIts 
here were mixed (Thbles II to16). lhe longer the interval before a particu
lar birth ("space before birth"), tlt I',iger vas thle expected score On nut ri
tional status. Spacing after a particul,,r birth iwas a proxy for the extent ot 
sibling competition ftor family resourices, anid its Ciefticienit ';1i,;ialso expected 
to be positive. No systematic patttrll enirgedCd, It wT\'r. 

A pregnancy tider of greater than ftol was included to reflect the 
mother's physical Condition, because it takes into accoUlnt the total ltlnu
ber of pregnanci,'s pr-e t islIh expeliencd by t l nIltther ald llOt jrlSttIlOse 
terminating in a live birth. An anomalous; result \\,Is again obtailed. C(hil
dren wlhose pregnancv order was greater thain tt0iil"rappealed to be better 
off nutritionallh than tller children. (13irti order droppedwas tiroll the 
analysis bWcanse Of poor rtstllt.) 

WhIere plVsiOltgical eeIsAIppea to have [(e1n tnllile inlpoltallce,
the effect anbigtots.was Io"t\l'tipt', nledical literture indicates that 
mollers giving birth at ages less than 2(0 Or greattr than 3.1 are more likely'
tll,,!l
women in the prime childhbealring- age> to poduct' children of low bhirth 
weight, and I livpotliesi.'d that tllisdia,,dVdntalte vollit be Itietttd inl 
the nutritional statu, scoer; at hat for tlildrt'n in tli,tirst tWo) \',a,-,. But 
the heighl-for-agt and \v'iglt-tor-height COIs were aItt.'. ted iLiplposite
directions (lIabl,, 1-)) in this sale,. hlttrs, Ies than 21 ','fars-old at fir,t
childbirth had children w'hl siglnificantly shorter H1an other, intheo wv 
base group (thie 20 to V)), hUt 1ir Clhildren t'nded t have glleater \Vight
for their height. It ay be that a1y eHet tIf a lIte', age at childbirth 
is obscured b\ tilc avl'erag1ii i l itlitionial tlus sc i'e, to ,iltlet VOilll 
children in the funilv, but Haseems diLnibtul. (lIild-spctific analVsis also 
produced nixd resuls. In lhbles II to 10 lilt it her's age a childbearin is 
child-specific, and nio sV'stelatic pattern emerges. 
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It is possible that physiological effects are counteracted by parental be
havior and that behavioral patterns dominate. Age at childbearing can be 
associated with two factors: the mother's physiological characteristics, and 
parental expectations of returns from children. Medical studies (e.g., Love 
and Kinch 1965) indicate that a very young mother is likely to produce small 
babies. But this physiological effect is likely to have a more detrimental ef
fect on height than on weight. A weight deficit can be remedied more eas
ily by current behavior and is more likely to be influenced by current 
expected returns. Thus voting mothers (with longer time horizons) are more 
likely than older mothers to invest in the nutritional status of their chil
dren. This hypothesis is supported by the finding that mothers over age 
35 at first childbirth tended to have children of low weight for height (column 
3, Thble 9). 

Medical evidence indicates that a child's susceptibility to disease and 
infection is heightened if the mother is malnourished during pregnancy. 
Miscarriages and stillbirths are more prevalent among diet-deficient mothers, 
and these variables are used as proxies for the mother's nutritional status. 
The greater the number of abnormal births experienced by a mother, the 
greater is the expected susceptibility of hner children to disease. Again, 
however, the regressions detected no strong influence (equations not 
shown). This finding sugg'ests that once a child is born, the parents may 
insulate it from illness by providing the child with proper nutrition, medi
cal attention, and general care. 

lN,,norance and malnutrition 

There is evidence (for example, Durongdej 1982) that children may suffer 
nutritionally if mothers are ignorant of proper childfeeding practices. 
Though breastfeeding is beneficial in itself, it can be harmful if continued 
too long without supplemental foods. In a low-income rural setting, many 
mothers continue to breastfeed well beyond the normal weaning age of six 
months recommended by modern medical findings. If the practice could 
be traced to ignorance rather than to low income, then nutrition education 
would play an important role in presenting it. 

The present study found that older children who had been breastfed 
for longer periods were worse off nutritionally than other children (Tables 
11 to 16). The average number of months of breastfeeding per child was 
20. 10 with a standard deviation of 8.79 months. This means that some chil
dren were breastted well into their third year. That supplemental foods are 
needed after a child reaches six months of age was not widely recognized 
among the mothers surveyed. But mothers who had come into contact with 
medical programs breastfed for shorter periods, on the average, than other 
mothers (Table 17). This finding is a sign that mothers in traditional set
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Table 17. Household model: results of ordinary least squares regression,
with average number of months of breastfeeding per child as the 
dependent variable 

Independent variable 

Mother's age 
Value of farm production 
Nonfarm income 
Predicted mother's wage 
Wealth index 
Wealth inde,: 1 
Wealth index 2 
Wealth index 3 
Wealth index 4 
Planted area 
Childcare 
Farm occupation 
Mother's education 
Program contact 
Constant 
Number of observations 
R2 

F-statistic 

* Significant at the 5 percent level. 

Coefficient 

-. 54543 
.00002 

-. 00001 
-. 27692 
-. 08634 
-. 39197 
-. 12799 

-1.36900 
-. 16675 

.00134 
-. 86496 
-. 24489 
-. 08720 

-4.43300 
24.36500 

582 
.07 

3.43* 

Elasticity
t-ratio at means 

(-2.3502)- -. 83006 
(.3368) .01206 

(-.9121) -. 00595 
(-2.7959)* -. 82196 
(-.1677) -. 00014 
(-.7244) -. 00078 
(-.2224) -. 00013 

(-2.1252)* -. 00188 
(-.1865) -. 00004 
(1.1251) .00475 

(-1.1562) -. 02339 
(-.2553) -. 00882 
(-.4581) -. 01889 

(-4.0693)* -. 01887 
(8.8842) 

tings are responsive to medical advice and that education programs can 
affect the way parents care for their children. 

Effects of malnutrition and high fertility 
on school performance 
Both malnutrition and high fertility are found in this study to have impli
cations for the child's abilit' to learn. A well-nourished child performs better 
in school than a malnourished one. This finding has important implica
tions for the development of a country's human resources. If early mal
nutrition impairs a child's mental development, then educational resouices 
invested in that child tend to be ineffective. Inability to take full advantage 
of educational opportuni;es, even when offered, would perpetuate the vi
cious circle of poverty, poor nutrition, and ill health. Improved nutrition 
thus would be an important complement to any program designed to raise 
the level of human resources. 
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The link between nutritional adequacy and learning ability has been 
tile subject of much debate. Medical itivestigations (for example, Cravioto 
1966) have shown that nutritional deprivation can limit the growth of brain 
cells, even while the child is in the womb. But the relationship between 
number of brain cells and mental ability is less certain. Winick, Rosso, and 
Waterlow (1970) found that children who had died of malnutrition had 15 
to 40 percent fewer brain cells than well-nourished children of the same 
age and background who had died from accidental causes. But this does 
not necessarily mean that the malnourished children were less intelligent. 

Several studies have investigated the relationship between test scores 
and nutritional adequacy. Knobloch and Pasamanick (1958) found that U.S. 
babies born in '., ini r months had a lower average intelligence quotient (IQ) 
score, lighter body o-uild, shorter stature, and higher incidence of mental 
deficiency than babies born in the spring or summer months. The cause 
was traced to the mothier's nutrition during the critical gestation period. 
Another stuly by Willei'man and Churchill (1967) compared sets of identi
cal twins and found that in most cases the IQ of the twin with higher birth 
weight was about 5 percent higher at school age. Cabak and Najdanvic 
(1965) and Cravi,)to and Robles (1962) concluded that the average IQ of well
nourished children was always higher than that of the undernourished. 
Malnourished children, however, usually come from poverty-stricken, over
crowded homes, and multicollinearity is likely to be encountered. Inpor
tat for policy purposes is a classic study by Kugelmass et al. (1944). They 
administered IQ tests to children over a period of time and found that the 
performance of malnourished children improved from 10 to 18 points after 
treatment. But a child receiving treatment after age 4 did not improve. If 
mental ability is permanently impaired by early nutritional deprivation, then 
it is imperative to ensure that children are well fed as early as possible. 
The evidence is still inconclusive, and much empirical and clinical work 
is needed to resolve the controversy. 

A rough form of empirical testing in the present study revealed a dis
tinct relationship between nutritional status and school grades. Even with 
the family's per capita income held constant, better-nourished children were 
found to perform better in school. To a large extent the environment was 
also controlled for, because in a village setting there is little difference in 
children's surroundings, whether the children are well nourished or mal
nourished. Overcrowdin , does not exist and the environment is generally 
pleasant. 

Within the age range of this study (7-13) taller children in particular 
are the ones with better school grades (Table 18). Because height is a long
term measure of nutritional adequacy, especially in marginal cases, this find
ing supports the hypothesis that long-term nutritional deprivation lowers 
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Table 18. 	 School performance: results of ordinary least squares regression, 
with grade in percentage (GRADE) as the dependent variable 

Independent variable Coefficient t-ratio 
Elasticity 
at means 

Weight for age (WPTI-1) -. 00588 -. 3273 -. 00617 
Height for age (HPTt) .13049 3.1296* .13810 
Weight for height (WFH) .02179 2.4364* .03035 
Father's occupation (OCCUF) -. 53391 -1.4390 -. 00453 
Sex = 1 if female (SEXF) -. 20408 -. 6723 -. 00114 
Number of siblings under age 7 (CHLT7) -. 16137 -. 9729 -. 00b13 
Income per head (YPH) .00002 .4339 .00030 
Birth order (FTHORD) -. 25340 -2.9916* -. 00873 
Father's education (EDFA) -. 11469 -1.3013 -. 00536 
Constant 76.73100 22.6100 
No. of observations 
R2 

410 
.10 

F-statistic 4.31k 

school performance. It thus provides further support for the existence of 
a direct link between nutritional and mental ability. A good diet from an 
early age appears to be vital for proper mental development. 

Children of higher birth order also tend to perform worse in school 
than others (Table 18). This finding is consistent with the results of other 
studies. For example, Record et al. (1969) investigated 50,172 children in Bir
mingham, Alabama, and found that children of higher birth order had lower 
test scores for verbal reasoning than other children. When socioeconomic 
class was taken into consideration, the children of higher socioeconomic 
status had higher scores. Nevertheless, within each class, higher-birth-order 
children still scored lower on the test. Blake (1981) also found that, an ng
white couples in the United States, the more children they had, the lower 
the "quality'-that is, educational aspirations-of the children. These find
ings suggest that improved mental capacity among offspring would result 
from a fertility reduction program. 

POLICY 	OPTIONS AND PROBLEMS 
A dismal picture emerges from the empirical results of the current study.
A large proportion of the children from low-income, low-asset farm fami
lies were found to be malnourished. Their nutritional intake was low and 
they were often ill. Together, poor nutrition and frequent illness limit a 
child's physical growth. If the child also comes from a large family, the sit
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uation is aggravated by sibling competition for family resources. If ill addi
tion the mother works outside the home, fhe child is further disadvantaged.
Even economically better-off families have difficulty in feeding their chil
dren adequately if the mother lacks the time for childcare and access to 
healthcare facilities that cart translate income into nutritional and health 
improvements for the yCung. Malnutrition also impairs mental develop
ment, and this does not portend well for an economically deve!oping 
country. 

The interrelationships revealed by the empirical analysis point to the 
need for develop ment strategies that promote the multiple goals of allevial. 
ing poverty, improving nutrition and health, and lowerirg fertility.

The study also shows that the amount of food eaten, regardless of the 
kind, is an important determinant of nutritional status. Hence it supports
the emerging consensus among nutritionists that nutritional deficiencies 
are generally the result of ove-all inadequacies of food intake (FAO and 
WHO 1976) rather than the alleged "protein gap" earlier stressed (FAO and 
WHO 1973). 

The study further indicates that a family's overall nutritional intake is 
significantly increased by the value of farm production. This finding rein
forces the view that agricultural development could be a critical factor in 
combating malnutrition. If small farm households are able to participate
in the increase in productivity and income that accompanies agricultural
development, then food consumption and nutritional status are likely to 
improve. Agricultural development is a time-consuming process, however,
and there is naturally a concern for implementing more effective short-run 
remedies. 

Intervention can be directed into .,tree main channels: increasing in
come, lowering the relative prce of food, and effecting changes in parental
preferences and technologv so that child nutrition and health may be im
proved. 

Income-augmenting programs include direct cash transfers to needy
households and the creation of remunerative jobs. 'Ihe findings indicate 
that higher income can improve a family's nutrition and also reduce the 
dependency of parents on children as productive units. A decline in chil
dren's productive value is likely to lower fertility and thus reduce sibling 
competition. 

The findings indicate that rather substantial increases in income are re
quired to bring about a perceptible improvement in child nutrition. Fromreduced form estimates of the equation system (not shown), it is clear that 
a family would have to increase its farm income per capita by 1,000 baht 
per year, or by 10 percent of the mean, to raise children's average weight
and height scores by a mere percentage point. A doubling of income per 
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capita would be required to lift a child from a state of third-degree mal
nutrition to nutritional adequacy. These very substantial increases are not 
likely to be brought about by ad hoc employment creation, and if such jobs 
draw women away from the home the consequences could be that much 
worse. 

Transfer payments are also problematic. Not only are they likely to be 
politically unfeasible, but also the strain they impose on a country's fiscal 
machinery is likely to be considerable. The usual argument in favor of in
come transfers (as opposed to subsidies in kind) is probably not appropri
ate in the case of food consumption. If people derive benefit from seeing 
that other people (such as childr.on) are adequatelv fed, then substantial 
externalities, or spillovers, are generated by food consumlption. Even though 
income transfers may mean greater satisfaction to the recipient than in-kind 
transfers because he has control over expenditure patterns, they may not 
lead to a higher level of welfare for society as a whole. In addition, house
holds may not possess adequate knowledge of proper food consumption. 
If that is the case, then in-kind transfers may be more justifiable because 
they generate external benefits. 

Programs designed to lower the price of food in relation to other goods 
include taxes and subsidies, ration shops, on-site feeding, and food stamps. 
The issue is one of weighing the relative merits of price controls versus direct 
food programs. In Thailand a tax imposed on the export of rice (knovn 
as the infamous "rice premium") has as one of its main objectives the main
tenance of a lower domestic price. Such a policy needs to be ac -mpanied 
by price supports to plevent distortionarv effects from harming the produc
tion sector. Production subsidies to smaill, subsistence farnwrs may also be 
required in the form of irrigation systems, agricultural credit, and iertilizer. 
The administrative costs of such support have to be considered, and the 
effect of the programs on child nutrition is uncertain. 

Direct food transfers may be more timely than price interventions and 
politically more acceptable than cash transfers. Moreover, they can be readily 
designed to benefit the target groups. BtL their effectiveness depends on 
several factors. Two issues in particular are involved here: market separa
tion, and substitution of subsidized food for private purchases. 

If the market is efficient, food transfers may simply increase supply 
and drive down food prices, withOUt affecting ,tal food consumption. The 
success of a program depends essentially on the households' response and 
the constraints on their beh:ivior, If households receive food transfers in 
excess of what they are prepared to cotLsume, they may exchange the food 
for cash unless there is market separation (that is, restriction on resale). 
Converting in-kind transfers into income allows households to regain con
trol over their pattern of consimption, and in most cases this is the path 
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that maximizes their utility. If resale takes place, then the effect of the food 
program is equivalent to an income transfer. Even without resale, the pro
gram operates like an income transfer if the free or subsidized food is less 
than the amount previously consumed. As the subsidy replaces household 
purchases, income equal to the value of the subsidy is released for other 
purposes. The effect of such programs on child nutrition therefore depends 
on the income elasticity of nutrient intake and health care for the young. 
Ior a food transfer program to be effective, the food must be offered at 
reduced prices and in quantities larger than what the household originally 
consumed. Moreover, the resale of food must be prohibited. 

To ensure that children's consumption is increased, many developing 
countries have set up on-site feeding programs for children. Weaning foods 
or school lunches are fed directly to the children. This strategy effectively
"separates the market" becausc resale is impossible. If the amount of food 
consumed on site is less than tt- " dmOUnt previously consumed by the child 
at home, however, the effect cannot be greater than an equivalent income 
transfer. The food consumed on site partly replaces the food eaten at home 
and the marginal rates of substitution in consumption remain unchanged. 
Increased intake of subsidized food can be offset by a r,:duction in the in
take of other foods purchased by the familv.1 Thus the effect on the child 
is uncertain because on-site feeding may occasion the withdrawal of other 
food from the child at home. 

Nevertheless, the present study suggests that child-feeding programs 
could lead tol some improvement in children's nutritional status. Sibling 
competition for food was found to be an important constraint on child nutri
tion, and there was evidence that mothers working in the formal sector 
may neglect their 'oung children. Both competition and neglect can be 
counteracted to somet' e\tent by direct feeding. 

The net effect of subsidi/ilg a particular food depends on both the 
strength of food substitution in the home and the difference in caloric con
tent between the subsidized f00d and the fotod that is being substituted 
for. It is necessary, therefore, to improve parents' education and awareness 
(the taste and technoltgv variables) at the same time, to avoid adverse 
effects. 

Fmpiritai inv'.tigtz1111 Of tilt prbh'im hais been .-.ant',. Studi,,s of such stbstitution 
betWetn 1lb',1di/etd nod other hotd have tellded to be dd hoc rather than ana
hlical (for exaMiplh,' reI rt, presented in U.S;, Congressional hearings). Nevertheless, 
a studv by (.lrk'on ( 197o) ot the weltlar benelits of the tood stamp program in the 
UniJed SItates suggests that the prtgram has not impried nutrition among the poor.
Peltzman (I1973) eamUined a similar ase Of in-kind subsidies ftr higher education 
and found that where, by accepting the subsid%-, the individu i1 incurs substantial 
Costs, the subsidy-n-kind may actually reduce total consumption. 
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A mother's taste and home technology can be influenced mainly
through education. The immediate options include mass media advertis
ing, door-to-door visits, food demonstrations, and improvements in the 
healthcare and family planning network. Many developing countries are 
currently undertal, ing these measures in an effort to improve the efficiency 
of childcare in rurad areas. But it is important for such programs to take 
into account the realities of the women's situations; otherwise, the programs 
are doomed to failure from tile start. As Levinson (1972:78) put it, 

The annals of well-meaning educators are filled with episodes of neatly
arranged demonstratu.ns attended only by the well-to-do. The educa
tors track down the low.er incofle mother and deliver their message 
to a nodding, acquiescent woman who then totally ignores it. The edu
cator throws up her hIands in horror and stomlps ,way to write another 
repoit about the ignorant villager. 

For a low-income nother, her difficult role as childbearer and rearer, food 
producer and processor, and household manager rarely allows her the lux
ury of attending a demonstration or a visit to a health clinic. Even if she 
attends a demonstration, she is not likely to understand the message. And 
even if she learns what foods are best, she mav lack sufficient control over 
the production resources to determine which foodstuffs the family culti
vates. More nutritious ways of prepariag foods are often more time
consuming than traditional methods. In many cases mothers simply lack
 
the time and resource,; to tend to their children's needs. Where 
a mother
 
works outside the home, her child is likely to spend much of the day in
 
the care of an older sibling. Merely providing education to women in such 
circumstances would no. be beneficial without substantial increases in their 
families' income. 

Another point of inter'vention is in health care. This study' found health 
to be a major determinant of a child's nutritional status. Health improve
ments are thus essential for the effective utilization of any food consumed. 
Programs that reach out to the villagers in their homes are likeiy to be ef
fective in improving childcare, and, if so, healthcare improvements need 
to be integrated into the traditional village healthcare network. 

Personal contact and informal communication during the course of the 
survey yielded further unquantified information. For example, I found that 
rural women tended to use home remedies to treat their families' health 
problems. Occasionally they would elicit the help of some local practitioner 
or respected older woman if conditions appeared to be serious. Thus tile 
health of poor rural people is not likely to be improved substantially merely
by increasing the number of physicians and hospital beds or by construct
ing sophisticated modern facilities. Such facilities are too impo'3ing for vil
lagers, who are likely to prefer health services that fit into the overall patterns 
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of their lives. The introduction of modern facilities should be encouraged 
only if their superiority is clearly demonstrated. Otherwise, for village fam
ilies to go outside the community to some unknown professional practi
tioner or service entails substantial costs. Distance alone imposes economic 
and social costs. Added to this, the disrespect with which they are often 
treated acts as a further deterrent. Only if efforts are made to reduce the 
economic and psychological costs of using modern health facilities and to 
increase the benefits such facilities can provide will rural women be en
couraged to bring their children there. 

A more practical approach to improving health c-re among poor, rural 
households is to improve the training of traditional healthcare practition
ers. Training rural midwives in modern medical techniques is one exam
ple. The family planning efforts in Thailand are another. With lower fertility, 
not only would sibling competition in the home be eased, leading to better 
nutrition, but children's performance at school would also be likely to im
prove. A high birth order appears to have an additional independent effect 
in lowering school grades. If the effect is widespread, then reduced fertil
ity can directly increase a country's human capital and alleviate the mal
distribution of income. 

CONCLUSION 
Malnutrition looms large as a problem with no easy solutions. One of the 
main objectives of the study was to increase understanding of the economic 
constraints faced by rural households and the extent to which those con
straints affect the nutritional status of young children. The study found that 
child nutrition can be improved only by substantial changes on all fronts
increased income, education, and access to health care. Because small 
changes are ineffective and large changes difficult to realize, the problem 
is that much more urgent and timely intervention is that much more 
necessary. 

Nutritional adetuacy can be viewed as a form of human capital. But 
unlike other types of investment in human capital, the timing of invest
men', in nutrition is vital. Early deprivation cannot be compensated for in 
the way that on-the-job training can compensate for deficiencies in formal 
schooling. Neither can children invest in themselves at an early age through 
loans from, say, the capital market. This study found that better-nourished 
children perform better than malnourished children in school. Therefore, 
if a large portion of a country's population is malnourished, the signs are 
ominous. Given the likelihood that mental development is impaired by mal
nutrition, it is imperative that children b,. provided with adequate nutri
tion as early in their lives as possible. 
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APPENDIX A. DETERMINATION OF DIETARY ADEQUACY 

Adequacy of food intake can be defined as a satisfactory balance between 

nutrient availability and bodily needs. Human beings require nutrients and 

energy food for bodily functions and the metabolic reactions that sustain 

life. Since most living organisms, including human beings, do not possess 

the biochemica! machinery to manufacture all their nutritional requirements, 

they must obtain them from the environment (Scrimshaw, Gordon, and 

Taylor 1968). A low nutrient intake, insufficient to meet normal needs, ef

fects changes within cells and tissues that act to conserve the limited sup

ply. Deiciency diseases develop, and if the diet remains inadequate, 

disability and death can result. Energy foods, measured in kilocalories (or, 

as is now more common, in kilojoules), are needed for undertaking physi

cal activity. An important factor here is that energy use must be syn

chronized with energy availability; otherwise, energy will be extracted from, 

or in the case of excess, stored in, the body. Because energy needs super

sede all other needs, the body can be receiving sufficient amounts of say, 

protein but use it for energy purposes if calories are not in adequate supply. 

Calorie requirements have been calculated by the United Nations Food 

and Agriculture Organization (FAO 1957, 1970; FAG and WHO 1973) and 

periodically evaluated and revised by expert groups. Difficulties arise, 

however, mainly because physical fitness cannot be precisely defined even 

within an age-sex group. Dietary requirements vary widely from individual 

to individual for variou.i reasons. 
One of tile most crucial caloric variables is the level of physical activity. 

FAO's standards provide useful caloric adjustments for differences in age, 

sex, body size, and environment, but the effect of alternative levels of phys
ical exertion is difficult to allow for adequately. Only for the very young 
would this not cause a serious problem. 

Devices invented to measure human energy output have established 
that a moderately active person uses 25 percent of available energy for phys

ical activity and 50 percent for basic metabolism. Thus muscular exertion 
is tile second largest user of calories (Swift and Fisher 1964). H uman ac

tivity can vary greatly, however. Caloric costs have been calculated for vari

ous organized sports and occupations (Durnin and Passmore 1967), but 
those findings are mostly inapplicable to peasant societies, in which work 

periods and levels of exertion, even for children, can fluctuate widely from 
day to day and also with tile agricultural cycle (Beeghly 1972). 

rvo leasurement processes have evolved %%,hereby the activities of 

specific individuals can be monito-,cd and energy output studied. Those 
processes are calorimetry and measurement of tile heart rate. Calorimetry, 
the process of measuring heat, can be done directly or indirectly because 

a significant relationship exists between oxygen intake and heat output dur
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ing the process of metabolism (Durnin and Passmore 1967). Food entersthe body as stored energy; to fuel bodily functions, it must be liberatedby oxygen through the process of oxidation. Once released, energy facilitates chemical synthesis, muscular work, and ionic balance. Ultimately, itis reduced to heat. Thus metabolic activity can Ee determined either directly,through the output of heat, or indirectly, through the intake of oxygen. Theheart rate can be used as a measure of energy output because a linear relationship exists between it and an individual's oxygen uptake over most ofhis range of activities (Wyndham et al. 1959; Malhotra et al. 1963; Ekblom1969). A complication arises, however, w!ren greater cardiac capacity occurs in response to physical exertion so as to produce a lowered heart rate.Both calorimetry and heart-rate measurement require sophisticated equiprment and body attachments to ensure accuracy and effectiveness, and this
makes their use cumbersome and impractical.

Even if activities are the same, there is no simple relationship betweenfood intake and task perfornanco. One factor that must be considered isdisease, which can affect the requirements for nutrients in many ways.Chronic infections can cause a slOWdown in tile gastrointestinal functionand increase the need for dietary protein; acute infections can result in lossesof nitrog,n, vitamins, and minerals; parasitic infection, can prevent propernutrient absorption; disease may upset the mechanisms that control tilemetabolism of essential nutrients; acute and chronic inlfections can adverselyaffect absorption of nutrients in the digesti-,e *vact; and trauma and stress,
which often accompany disease, can alter the body's protein requirements(Scrimshaw Gordon, and TayIor 1968). Fhe amount of food regarded as 
necessary therefore varies with the incidence of disease.Diet itself affects nutritional requirements in several ways. The formof a nutrient may affect the degree of absorption and utilization by tile body.
For example, iron from vegetables is less readily absorbed than iron from
meat. Variability in nutrient form and eating habits on 
a seasonal or annual basis may affect nutritional requirements. Composition of the diet also
affects the body's utilization ot nutrients. 
 For example, it is Lelieved thateach of the essential amino acids must be simultaneously present for protein synthesis to proceed. Finally, certain vitamins are produced by bacteria that live in the small intestine in a symbiotic, or mutually beneficial,relationship with tile host. These vary fron individual to individual.Dietary requirements are necessarily affected by the physical and socioeconomic environment, including climate, type of clothing, sanitary conditions, hygien,,, eating habits, and the ability to maintain hygenic standards.Disease, dietary factors, and the environment in combination makerecommendations of dietary adequacy, "xtremely difficult, and therefore onlyguidelines can be set. Recommended daily allowances set by international 
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agencies are usually based on Western meat-based diets and do not ade
quately take into account cultural variations in diet or the other factors that 
affect nutritional adequacy. 
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APPENDIX B. QUESTIONNAIRE DESIGN
 
The questionnaire contained eight sections: basic information on house
hold numbers; income and wealth; major expenditures and investments; 
marriage and reproductive history; childcare and mother's knowledge and 
beliefs; household food consumption patterns; child-en's nutritional sta
tus and disease history; and children's school performance. 

1. Basic information on household members 
Household members were defined as related persons who pooled their 
earnings and had common arrangements for housekeeping, finance, and 
the provision of food and other essentials. Membership was determined 
on a de facto basis, and household members absent for less than one month 
were counted. Name, age, sex, educational attainment, relationship to 
household head, and main economic activity were recorded. 

2. Income, earning activities, and wealth 
Total household income was calculated for tile calendar year immediately 
preceding tile survey' It included wages and salaries; property income such 
as land rent and interest; transfer payments received such as assistance pay
ments; tile value of goods and services received as part of pay, the value 
of unpaid farm help, and the value of goods and ser%ices produced in the 
home and consumed, or received free of charge from other sources; net 
profits from family enterprises; income from livestock and occasional ac
tivities such as fishing; rental value of owner-occupied dwellings; and other 
monetary receipts such as gifts from nonmembers of the household and 
lottery winnings. 

Detailed information was obtained on land ownership and cultivation, 
use of farm equipment, number of employees, and animals owned. A check
list was used to facilitate an inventory of consumer durables in tile house
hold's possession. Items on tile list included clock, iron, electric fan, radio, 
sewing machine, bicycle, motorcyle, refrigerator, television set, and stereo. 
Housing quality, represented by tile size of the house, the type of windows, 
roofing, flooring, and building materials, were noted froma observation. 

3. Major expenditures, investments, and debts 
Respondents were asked about outlays for major items, such as purchases 
of gold, land, and machinely, and about investments and sources of fund
ing. Other questions inquired about outstanding debts, the interest rate 

6. The pretests were done in December 1979 and the actual survey administered in Janu
ary 1980. Since the harvest occurred in December, the main economic activity of the 
War had just been completed. 
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paid, the lending source, and the purposes for which loans were incurred 
during the past calendar year. 

4. Marriage, fertility, and use of contraception 
Information was obtained about female respondents' age at first marriage 
and at subsequent marriages, if an; ideal and expected family size at time 
of marriage and at the time of the interview; pregnancies, including the 
outcome of each and type of prenatal care received; and use of contracep
tion, duration and methods used, and, for women who had stopped us
ing contraception, their reasons for stopping. 

All of the data except for the pregnancy histor-y were obtained fhor 
fixed-option questions. For the pregnancy history a matrix format was used 
that was based on the life-history matrix utilized by Lauro (1977); but be
cause it was confined to a single event (pregnancy), its use was facilitated 
and the probability of omitting incidents was greatly reduced. The age-by
variable matrix helped respondents to recall events they had experienced 
at each age and provided a convenient means for cross-checking tle data. 

Obtaining accurate information about respondents' desired fertility 
posed several problems. Parents might rationalize ur.planned births by 
regarding them as desired after the fact. The alterna.tive to asking about 
desired number of children was to use actual fertility as a proxy for desired 
fertility, but this also has problems. A large proportion of the vomen in 
the sample (whose ages ranged from 15 to 57) would not ha\e completed 
their fertility at the time of the survey. Moreover, the samp!e was limited 
to women with at least one child less than 7 years old, which meant that 
a disproportionate number of women were in the younger age groups. The 
actual fertility experience of young women is not i reliab!e indicator of their 
completed fertility. And if unplanned births are common, actual fertility 
will be a poor proxy for desired fertility. Therefore no attempt was made 
to ascertain respondents' desired number 01 chiklren. In this study, fertil
ity is represented by the number of births respondents had had per year 
of cohabitation during the previous seven years. Although this item estab
lished recent rather than total fertility, it ensured that the births being iden
tified and the variables explaining them were measured within the same 
time period, in contrast to cross-sectional studies of completed fertility. In 
addition, the n1imber Ot children under age 7 was likely to be more inmpor
tant than the Ltal number of births in affecting thei utritional status of 
children under age 7. Another reason for focusing on recent fertility was 
that older children may substitute for a mother's time in caring for younger 
siblings and therefore would not enter into the quality-quantity tradeoff 
postulated here. 
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5. Childcare and mothers' knowledge, beliefs, and aspirations 
Mothers were asked whether they had breastfed their children and for howlong, when they had introduced their children to solid foods, and generally which kind of infant care they had provided. Mothers were also asked
about their beliefs, superstitions, and reactions to illness. Other questionswere whether they knew of any modern contraceptive method, whetherthey were aware of the health benefits of breastfeeding, and vhether theybelieved in supernatural methods of healing. To gauge parental attitudes
toward hygiene and health care, respondents i%ere asked whether they hadreceived any modei n prenatal care during the last pregnancy and whether
modern medical attention would be sought as a first choice in times of illness. They were also asked whether they considered education to be necessary for their children and, if so, how many 'ears of education they regarded
as essential for their children to earn a "good" living. 

6. Food consumption and intrahousehold division of food
 
Food consumption by the family was calculated 
as consumption per adult
equivalent over a period of six months. To determine the total quantitiesof different foods consumed, respondents were asked about the quantities
of each food item consumed and the frequency of consumption. The unitof measurement was not determined in advance, and responses wererecorded according to whatever unit ot measurenient was meaningful tothe respondent. If necessary, a follow-up question was asked about the average quantity consumed per meal. Because the villagers had very similar
diets, it was possible to draw up a list that included virtually all the food 
items. 

Respondents were asked about total quantities consumed by the fam
ily because I believed this to be easier for them to recall than the amountconsumed by each household member over a twenty-four-hour period. Notonly is the accuracy of recall a problem for rural respondents, but also the manner in which food is consumed. Where famil, members take their shareof food from several common bowls, a precise assessment of the amount 
eaten by each person may be impossible. The responses obtained were subsequently rescaled on a six-month basis and valued at prevailing prices.
Separate schedules were drawn tIp for the wet and dry seasons, and a simple average taken for valuation purposes. Attempts were also made to determine the distribution of food among household members, but I believe
the responses are unreliable. The figures obtained were compared with datafrom a survey conducted in the same area by the listitute of Nutrition and
the Ministry of Agriculture (undated and untitled worksheets). The meanvalues proved not to be significantly different from each other at the 5 per
cent level. 
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The questionnaire elicited information on the number of months chil
dren were breastfed and the customary weaning period. Whether a partic
ulai child was in the weaning period was also noted. Two alternative 
meanings of weaning exist in the literature: the cessation of breastfeeding, 
and the time at which solid foods or foods other than milk are introduced. 
Health risks -f weaning arise because supplemental food may be inade
quate or unhygienically prepared. I therefore adopted the definition of 
weaning as the period commencing when solid foods are introduced and 
continued until three months after suckling has been discontinued (Scrim
shaw, Gordon, and Taylor 1963). 

7. 	Height and weight measurement of eligible children 
and recording of their disease history 

The weighing and measurement of each child was undertaken by two 
trained prenurses, and I did spot-checking for possible error. The weight 
and height measures were then calculated as percentages of tile standards 
for healthy Thai children. The standards for children up to 6 years of age 
are the fiftieth percentile of the weights and heights of 2,520 welIl-nourished 
Bangkok children, documented by Khanjanasthiti (1977). 

Respondents were also asked about each child's disease history. Re
corded information included frequency of diarrhea, fever, and incidence 
of such diseases as typhod, diphtheria, and tuberculosis. Three separate 
measures of infection and disease were defined: whether tile child had con
tinuous diarrhea for more than four days during the rronth prior to the 
survey; whether the child had a fever for more than four days during that 
period; and whether the child had ever suffered from a serious illness such 
as tuberculosis, typhoid, or diphtheria. A single cross-sectional survey 
precludes a reliable reconstruction of a child's medical history because recall 
inaccuracy is likely to be high. Moreover, responses contain a large element 
of subjectivity and depend a great deal not only on parental recall, but also 
on the respondents' perception of what constitutes a health abnormality. 
Such lack of refinement in measuring a child's health weakens the explana
tory power of the model, but the incidence of disease reflects the compo
site effect if other underlying health problems and is therefore appropriate 
if a single measure of health has to be selected. 

8. 	Teacher interview and recording of nutritional status 
and school grades 

Older siblings attending primary school were weighed ar d measured. The 
anthropometric standards found in Chavalittamrong and Vathanakanon 
(1978) were used as the standards for the school-aged children. Teachers 
were asked about children's overall performance and health, and each stu
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dent's grade and record of absence from school were obtained from the 
teacher's records. 

The interview schedule was made as simple as possible. It was com
posed mainly of fixed-option questions. The main part of the questionnaire 
(through section 7) required an average of one hour and fifteen minutes 
to complete. The principal problem respondents had was in recalling their 
full pregnancy histories (section 4). Recalling the quantity and frequency 
of each kind of food consumed (section 7) also presented problems, but 
interviewers made extensive probes and the results are believed to be satis
factory. 
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Appendix Table 1. Household model variables 

Variable
 
(mean, S.D) 


ENDOGENOUS VARIABLES 

Nutritional status
 
Average weight 

(91.97, 9.85) 

Average height 

(94.03, 4.56) 


Average weight for height 
(103.66,13.56) 

Child mortality 
(.108, .258) 

Fertility 
(.473, .233) 

Formal-sector work 
(22.89, 16.01) 

Informal-sector work 
(.482, .250) 

Food expenditures 
(276.09, 83.65) 

EXOGENOUS VARIABLES 

Mother's age 

Childbearing - 20 
(.287, .453) 

Childbearing -35 
(.100, .300) 

Excess number of children 
(-.278, 1.39) 

Number of young children 
(2.43, 1.18) 

Mother's education 
(4.02, 1.26) 

Description 

Average weight of all children in the household, 
each weight being a percentage of the reference 
weight for children of that age and sex 
Average height for all children in the household, 
each height being a percentaigc of the reference 
height for children of that age and sex 
Average weight of all children in the household, 
each weight being a percentage of the reference 
weight for children of that height 
Deaths to children under age 7 as a proportion 
of total births within the last seven years 
Number of live births per year of exposure to 
conception in the last seven years 
Average weekly hours spent by the mother in 
formal-sector work 

Dummy variable = 1 if the mother engages in 
informal-sector activity compatible with childcare 
Value of household food consumption per adult 
equivalent per month 

Mother's age in years 

Dummy variable = 1 if the mother was less 
than 20 years old when she bore her first child 

Dummy variable = 1 if tie mother was more 
than 35 years old when she 'lore her first child 
Number of children stipulated by the parents as 
being in excess of the desired number 

Number of children less than 7 years old in the 
household 
Educatioii of the mother, in years of completed 
schooling 

http:103.66,13.56
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Appendix Table 1. 

Variable
 
(mean, S.D.) 


Ignorance variable 1 
(.112, .315) 

Ignorance variable 2 
(.331, .471) 

Ignorance variable 3 
(.605, .489) 

Prenatal care 
(.134, .341) 

Program contact 
(.735, .442) 

Abnormal pregnancy 
(.072, .197) 

Total income 
(17659, 10711) 

Income per head 
(4980.78, 1398.20) 

Farm income 
(11043, 8357) 

Nonfarm income 
(6616, 6142) 

Mother's wages 
(59.68, 18.91) 

Wealth Index 1 
(.034, .844) 

Wealth Index 2 
(.040, .824) 

Wealth Index 3 
(.020, .719) 

Wealth Index 4 
(.276, .597) 

(continued) 

Description 

Dummy variable = 1 if the mother does not 
know of at least one modern method of birth 
control 

Dummy variable = 1 if the mother believes in 
supernatural methods of healing 
Dummy variable = 1 if the mother expresses ig
norance about proper breastfeeding and child
care practices 
Dummy variable = 1 if the mother received 
modern prenatal care during her last pregnancy 
Dummy variable = 1 if the village has had con
tact with a health program 
Number of pregnancies terminated "abnormally" 
(stillbirths, spontaneous abortions, and induced 
abortions), as a proportion of the total number 
of pregnancies 
Household income other than the mother's earn
ings in informal-sector employment, if any 
Household income per head other than the 
mother's earnings in formal-sector employment 

Value of farm production during the preceding 
year 

Value of nonfarm income during the preceding 
year 

Mother's average formal-sector weekly wage rate 

First factor resulting from the principal compo
nents method of data reduction: an index of 
high-priced consumer durables owned 
Second factor; an index of lighting equipment 
owned 

Third factor; an index of building materials used 

Fourth factor; an index of nonessential consumer 
durables owned 



56 

Appendix Table 1. (continued) 

Variable 
(mean, S.D.) Description 

Wealth Index 5 Fifth factor; an index of small consumer durables 
(.005, .457) owned 

Planted area Total number of rai under cultivation in the 
(71.39, 2110) preceding year 

Childcare alternatives Dummy = I if older relatives are present in the 
(.543, .499) household and provide childcare 

Priority given to children Dummy = 1 if children are given priority in 
(.483, .500) food consumption 

Farm occupation Dummy = I if the father's primary occupation is 
(.723, .448) agriculture 

Father's education Number cf years of schooling completed by the 
(4.34, 2.01) father 

Appendix Table 2. Child model variables 

Variable 
(mean, S.D.) Description 

ENDOGENOUS VARIABLES 

Nutritional status 
Weight 	 Weight of tile child as a percentage of the refer
(91.04, 11.28) 	 ence weight, using Thai anth:opometric stan

dards for children of that age and sex 
Height 	 Height of the child as a percentage of the refer
(93.54, 6.11) ence height, using Thai anthropometric stan

dards for children of that age and sex 
Weight for height Weight of the child as a percentage of the refer
(99.39, 13.68) ence weight for children of that height 

Child health 
Diarrhea Dummy variable = I if tile child had more than 
(.032, .176) four continuous d,',s of diarrhea during the 

month immediately preceding the survey 
Fever Dummy variable = I if the child had more than 
(.061, .239) four continuous days of fever during the month 

immediately preceding the survey 
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Appendix Table 2. (continued) 

Variable 
(mean, S.D.) Description 

Disease Dummy variable = 1 if the child suffered from 
(.198, .399) chronic typhoid or tuberculosis 

Child mortality (Same as in the household model) 

Fertility (Same as in the household model) 

EXOGENOUS VARIABLES 

Space before Interval in months between this birth and the 
(9.77, 11.81) following pregnancy (= 18 if this is last birth) 

Space after Interval in months between the beginning of this 
(21.64, 22.04) pregnancy and the preceding birth (= 18 if this 

birth is the first birth) 

Pregnancy order Dummy variable = 1 if the child's pregnancy 
(3.75, 2.78) order is greater than 4 

Breastfeeding Proportion of the child's life during which child 
(1.44, 2.12) is breastfed 

If age - 24 months, proportion = (# months 
breastfed)/age 

If age ;-24 months, proportion = (# months 
breastfed)/24 

Weaning Dummy variable = 1 if the child is in the wean
(.503, .500) ing period 

Birth order Birth order 
(3.38, 2.26) 

Female Dummy variable = 1 if the child is female 
(.497, .500) 

Note: 	The means and standard variations are for the total sample of 1,0006 preschool children 
only. 
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Appendix Table 3. Consumer durables used to construct the wealtn in
dexes, by factor loading resulting from varimax rotation 

Consumer durable FACT1 FACT2 FACT3 FACT4 FACT5 

Electricity .1333 .8726 .1346 .2198 .1706 
Fan .2793 .1794 .1149 .8608 .1041 
Refrigerator .7700 .1005 .0761 .0230 .1019 
Iron .4079 .3006 .0892 .5225 .1512 
Rice cooker .2129 .1048 .0386 .3747 .0247 
Radio .0107 -. 0062 .0258 -. 0072 .4844 
Clock .1301 .1146 .1435 .0963 .5050 
Sewing machine .3632 .0606 .2620 .1371 .2192 
Bicycle .0837 .1126 .1711 .0633 .3522 
Motorcycle .3099 .0966 .1705 .1193 .1746 
Television .6684 .0300 .0781 .1518 .0721 
Car .3656 0715 0838 1453 0289 
Lighting .1125 .8796 .1458 .1867 .0980 
Building material .1777 .1115 .7531 -. 0017 .0619 
Window .0830 .0934 .4701 .1400 .2305 
Flooring .4430 -. 0074 .4542 .0426 -. 0632 
Size of house .0051 .0825 .4366 .0498 .2597 
Eigen value 4.15955 1.24659 1.04740 0.56671 0.44275 
% variance 55.7 '16.7 14.0 7.6 5.9 
Cum % 55.7 72.4 86.5 94.1 100.0 a 

Note: Selection of items was based on a loading that was rounded to at least 0.5. 
a. Rounded total. 
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