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Table 1
Means and Standard Deviations (in parenthesis)

of the Variables Used

Malnourished Normal
Children Children

Terman-Merril Children Test 72.8 (11.4) 97.1 ( 9.9)
S, = average (relative)

monthly weight

first semester 62.0 ( 7.1) 104.6 (15.8)
S; = average (relative)

monthly weight

second semester 58.8 (10.5) 104,11 (15.8)
S; = average (relative)

monthly weight

third semester 73.9 (10.5) 102,2 (11.0)
W,g = average (relative)

monthly weight

first 18 months 65.0 ( 6.8) 102,.6 (13.2)
Wao = average (relative)

monthly weight

first 30 months 72.6 ( 7.3) 103.9 (13.5)
Mothers' years of schooling 3.7 ( 2.3) 3.8 ( 2.1)
Mothers' Intelligence Test 70.9 (14.7) 70.7 (13.4)

Note: The weight is relative to the lowa

standard and expressed as a percentage.
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Table 2

Dependent Variable - Terman-Merril Children's Test

Group I n=33 Group II n=40 Group II1 n=28 Group IV n=35
Number Independent Malnourished Malnourished
Regressions Varijables Children Pool Children Pool
Intercept 41,32 ( 1.,99) 28.79 ( 2.75) 43.65 ( 1.75) 28,92 ( 2.38)
S, - 0.14 (-0.56) - 0.02 (-0.14) - 0.14 (-0.51) - 0,03 (-0.18)
1 S, 0.05 ( 0.23) 0.14 ( 0.76) 0.06 ( 0.23) 0.14 ( 0.71)
S, 0.51 ( 2.45) 0.51 ( 2.37) 0.46 ( 1.65) 0.49 (1.73)
RZ = 0.25 R% = 0.48 R? = 0.17 R® = 0.48
Intercept 33.36 ( 2.63) 25.13 ( 2.76) 35.18 ( 2.18) 23.83 ( 2.44)
2 Sa 0.53 ( 3.14) 0.66 ( 5.81) 0.50 ( 2.26) 0.67 ( 5.50)
R® = 0.24 R® = 0.47 R? = 0.16 R® = 0.47
Intercept 35.11 ( 1.91) 37.43 ( 4.78) 42,13 ( 1.92) 36.53 ( 4.47)
3 Wys 0.58 ( 2.06) 0.55 ( 5.19) 0.56 ( 1.33) 0.55 ( 5.03)
R® = 0.12 RZ = 0.41 R® = 0.08 R® = 0.43
Intercept 25.35 ( 1.34) 26,13 ( 2.61) 32.98 ( 1.43) 25.94 ( 2.47)
4 Wi 0.65 ( 2.53) 0.65 ( 5.18) 0.54 ( 1.69) 0.65 ( 4.90)
R® = 0.17 R® = 0.41 R2 = 0.10 R? = 0.42
Intercept 9.33 ( 0.45)
s S, 0.49 ( 2.32)
St 0.46 ( 1.94)
RZ = 0.27
Intercept 1.03 ( 0.03)
] Wig 0.59 ( 1.83)
- S1 0.56 ( 2.24)
R¥ = 0,22
Intercept -6.13 (-0.22)
Wao 0.64 ( 2.14)
7
-~ St 0.56 ( 2.27)
R® = 0.25
Note: TFigures in parventheses represent the t o ratio

of the cocfficiont,









Table 3

Means and Standard Deviations (in parentheses) of Workers' Data

(1)
(2
(3

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Age
Years of schooling
Mothers' years of schooling

Fathers' years of schooling
(n=20)

Number of siblings
Fraction of those who spend
their childhood in the rural

sector

Age they began earning
any income

Months of unemployment
between jobs

Monthly earnings last job
(Chilean Escudos of 1970)

Standardized 1IQ test

Construction
Workers (n=31)

31.9 ( 2.6)
4.6 ( 2.4)
2.8 ( 2.6)
3.7
5.4

.52

13.7 € 2.7)

1.1 (1.0)
1320 ( 440)
87.3 (14.9)
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(n=40)

Unemployed
Workers (n=60)
28.2 ( 5.4)
5.2 (1.0)
3.0 ( 2.2)
3.8
5.1
.57
13.6 ( 2.4)
2.3 (2.1)
819 ( 378)
77.6  (17.8)






Table 4
Regressions for Adult Ability and Schooling of the

Ninety-one Chilean Workers (t-ratios in parentheses)

Dependent Coefficient w.r.t,
Variable Schooling (S) Early Ability (&) Intercept R*
rAt'AO = 0.75
A, 0.6256 (0.94) 0.7419 (10.45) 17.823 0.5660
S 0.0196 ( 1.78) 3.434 0.0126
Ay.ho = 0.50
At 1.0632 (1.23) 0.4915 ( 5.34) 35.969 0.2627
S 0.0080 ( 0.73) 4,372 0.0056
Total Effects of a Ten-point Increase of A, on
S A,
Ty, g = 0.75 0.196 7.564
Thyoao = 0.50 0.080 5.00
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the group from around seventy to over eighty (the mean 1Q of the workers)
would enable the more severely handicapped children to acquire some schooling
and enter the labor force, even if half their incremental 1IQ was lost by
adulthood (as the more pessimistic hypothesis above would indicate). This

is a benefit we do not consider in the following analysis of the effects

of 1Q on earnings,

C. Determinants of Earnings in the Sample of Workers

Recall from Footnote 2 that most empirical results (for the United States
at least) show that schooling (S) is more important than ability (A,)
in determining earnings (Y) in a relationship like (15) -- in the sense
of adding to R® or even in size of standardized coefficients. Moreover,
in studies of Chile where ability was not used as an explanatory variable,
additional schooling has been shown to raise earnings substantially [14].

In light of this evidence, it is surprising that Table 3 shows that

the construction workers had both higher earnings and a higher mean IQ than

the unemployed workers, without much difference in schooling. One is

tempted to attribute the earnings difference to 1Q.'* To check out this
possibility, we ran several regressions (in logarithmic form) on the two
samples, pooled and separated. Table 5 gives the most interesting results.

As can be seen, the estimated elasticities of earnings with respect
to age and IQ are significant and stable, and the values of R® are
respectable for this kind of study. The results suggest that a ten per-
cent change in IQ, as measured by our test, is associated with a six or
seven percent increase in earnings. Parents' and workers' years of

schooling were not significant in these regressions; this may be ex-

plained by both the low level and low variance in the workers' schooling

variable.®



Table 5
Regressions from Workers' Data

Dependent Variable = Log Earnings

Regression Independent Construction Unemployed
Number Variable Workers Workers Pool
Intercept 4,12 (4.82) 3.08 (3.55) 2.65 (3.86)
1 Log Age 0.87 (3.52) 1.06 (4.,06) 1.23 (6.03)
R® = 0.30 R® = 0.22 RZ = 0.29
Intercept 3.23 (2.28) 2.82 (2.78) 1.92 (2.16)
2 Log 1Q 0.87 (2.75) 0.87 (3.74) 1.11  (5.49)
R® = 0.21 R® = 0.19 R® = 0.25
Intercept 1.68 (1.25) 1.36 (1.26) 0.34 (0.38)
Log Age 0.74 (3.08) 0.79 (2.92) 0.92 (4.48)
3 .
Log 1Q 0.65 (2.26) 0.60 (2.52) 0.76 (3.83)
R® = 0.41 R® = 0.30 R® = 0.39

Note: Figures in parentheses show the

t ratio of the coefficient.
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4. Benefits of Improving Infant Nutrition in Chile

The next task is to integrate the empirical results to say something
about the effects of early malnutrition on future earnings. In principle,
improving early nutrition can increase adult earnings in several ways. To
trace these we begin by noting that Equation (12) suggests that improved

nutrition increases early ability,
dA, = (8Ap/8n)dn

which has impacts both on schooling (Equation (14)),

dS = (8S/3A,)dA,
and directly and indirectly on later ability (Equation (13)),
dA, = (8A, /0A5)dA, + (8A,/08S)dS .

Hence the total effect of early nutrition on earnings is given by

= [er 5 ] gggzo%&d“ ’
using (15). 1In our data, all these effects except the nutrition-early
ability-adult ability-earnings linkage were small, so we ignore them. In
other studies, however, they could prove to be important.

To evaluate this ability-mediated linkage, we begin by recalling that
the mean IQ of the malnourished children would probably deteriorate without
special schooling (which they are not likely to receive). Hence, we are
being conservative in taking their current mean 1Q as a base figure, and
analyzing "what would have happened" if they had received adequate nourish-
ment. The regression results of Table 2 indicate that if their initial
weight deficit of 25 to 35 percent had not occurred, their early IQ would

have been higher by about 0.6 times the deficit, with a mean somewhere
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between 90 and 95 instead of 72.8. Notice that this figure is still lower
than the mean of 97.1 of the control children.

However, the results of the hypothetical regressions of Table 4 indicate
that this higher IQ level could not be expected to persist, schooling and
other environmental factors being similar to those which affected the
construction workers. To account for this, we have assumed that the adult
1Q of the children would not have been somewhat over 90, but instead the
mean value for the employed construction workers, 87.3.

Figure 3 shows the annual earnings profile of individuals with IQs
equal to 72 and 87 evaluated with the three earnings equations of Table 5,
where E,, E, and E; are the earnings equations of the construction
workers, unemployed workers and the pool of them, respectively. They in-
clude employer's contribution to the social security system, part of the
marginal productivity of labor, which amounts to 307 of the net wage. 1If
the children were to enter the labor force at age fifteen and the relevant

discount rate is 107, the present value of gains in gross earnings at age

two would be 18: 17
Earnings Chilean Escudos United States
Equation of 1970 Dollars
E, 6080 405
E, 3842 256
E, 5396 360

1f we think that these gains in earnings could be generated by a supple-
mentary nutrition program during the first two years of life, the above figures
would be estimates of the program's shadow price. Even highly discounted, the

gains are about one-half of a worker's income (compare Table 3). Moreover,
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Figure 3 Age-earnings Profiles
as a Function of 1Q

Annual gross EI(IQ=87)
earnings
E® 1970
23000
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if 25,000 children are malnourished each year in Chile (a not improbable
figure) and each one were to gain 4000 Escudos in discounted earnings,

the total yearly return would be 100 million Escudos. If this stream of
benefits is treated as an annuity, its present value is one billion Escudos,
or more than one percent of GDP. Even if our estimates are off by a factor

of two or more, this is a very large absolute return to a single program.

5. Additional Benefits and an Estimate of Costs

We note that we are underestimating benefits of alleviating infant
malnutrition because

(i) We omit the increase of schooling which would result from higher
initial ability, and the effect of schooling on earnings. These effects
were not important in our particular sample of construction workers, but
other evidence indicates that they would be elsewhere.

(ii) There is evidence indicating that infectious disease is less severe
and less frequent in well nourished individuals [127]. Malnutrition both
adversely affects the defense mechanisms of the individual (leading to
higher incidence of disease) and favors secondary infections (lengthening
the convalescence period). To the extent that medical resources are used
to combat disease induced by malnutrition, savings in these resources should
be attributed to nutrition programs. A fortiori, the same is true with
respect to resources lost through premature death.

(iii) Since programs to aid the malnourished, particularly infants,
involve an equalization of the income distribution as well as productivity

increases, there is implicit an equity improvement which we do not consider

here. Depending on one's tolerance for extreme poverty, this benefit may



be substantial.

On the cost side, we note that in calculations reported elsewhere [15],
we found that giving enough milk to an infant during his first two years
to avoid severe malnutrition would yield a rate of return of twenty percent
or more, just counting the benefits calculated above. Direct milk costs
are not all that one must expend in a nutrition program (although we did
probably overestimate their amount) but they are a major component. And
twenty percent is a handsome rate of return for a program whose first benefits

are perceived 15 years after the initial investment,

6. Final Comments

1f infant nutrition has an effect on the individual's future economic
productivity, it represents one of the ways in which human capital formation
affects the income distribution -- at least within limits imposed by race,
class and oﬁher strictures. However, infant nutrition has characteristics
which sharply differentiate it from other types of investment in human
capital, i.e, formal schooling,‘on the job training, etc.

First, infant malnutrition can hardly be compensated by later invest-
ment in human capital. On the job training is a much better substitute
for a deficit in years of schooling than a deficit in preschool IQ.

Second, investments in human capital made later in life can, as a
policy matter, be encouraged by improvements in capital markets (e.g. loans
for high school or college education). This is not true for earlier invest-
ments in human capital, which are mainly determined by the family's income

level. The most practical remedy for infant malnutrition is a redistribution



of income toward the infant and his family; the cost of not undertaking
this redistribution now is massive disinvestment in early human capital
formation, and perhaps greatly increased distributional problems with a

low income, low productivity segment of the population in the future.



FOOTNOTES

*This is a report on an investigation begun while the authors were respec-
tively with the Institute of Economics, Catholic University of Chile, and

a joint research project of the Center for International Studies, MIT

and the Chilean National Planning Office (ODEPLAN). Financial support in
Chile was in part provided by the Ford Foundation. Work was continued at
the Development Research Group, Harvard University (with support from A.1.D.
Contract No. CSD 1543 and National Science Foundation Contract No. GS-1914),
and at the University of Minnesota (with support from an A,I.D. Grant to
the University of Minnesota Economic Development Center). We are indebted
to Sam Bowles, John Hause and Mrs. Vera Kardonsky for valuable comments,
and to Dr. Oscar Undurraga and Mrs., Kardonsky for letting us use the data
from their study [9].

1On the impacts of the so-called world food problem on the nutritional status
of developing countries, see Frisch [4] and [5], and the President's Science
Advisory Committee [117]. Many developing countries on the average have

lower per capita consumption of animal protein than the usual norms. Poor
people in developing countries often have protein intake far below adequate
levels, at least according to existing case studies summarized by Woodruff
[18]. Since adequate protein (along with vitamin A and, of course, caloric
energy) appears to be necessary for full development of infants, these global
findings in general substantiate our hypothesis that a large share of the
world's young children are malnourished,

2The relative importance of these two factors varies greatly even in different
studies in the United States, and almost nothing is known of their differential
impact on earnings in developing countries. (Absolutely nothing is known of
the impact of psychological characteristics such as initiative, temperament,
etc. on earnings, and yet these may be very important explanatory variables
which also are strongly affected by early malnourishment.) For the record,
we note the United States-based empirical studies usually show schooling to
be a more important determinant of earnings than ability, This is less ap-
parent for groups at the extreme low end of the earnings spectrum [67 and the
high end of the education spectrum [7]. In our results for Chile, ability

is much more important than a modicum to schooling in explaining earnings of
construction workers, See Section 3.

3"Nutrition“ is, of course, a vector-valued quantity. Nutritionists point
variously to protein, calories, and vitamin A as important limitational
factors in the diets of Third World children. We ignore this, as we soon

are to ignore the other environmental deprivations which assail children
along with lack of food. As pointed out repeatedly in [13], all these things
are "synergistic" (which an economist would translate as complementary) in
leading to ability loss. All this is lumped into our variable n . Keep

in mind that it really is a rather long vector.
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1

4 .
Nutrition also directly influences current schooling performance of

children and earnings of adults. To keep to our main interest -- the im-
pact of early nutritional improvements on later accumulation of ability
and schooling -- we leave these possibly very important effects out of the
model,

SThere is a huge literature on this hypothesis, and some feel that it is yet

to be established, particularly as regards irreversibility, A good survey
of the evidence is contained in the proceedings of an MIT 1967 conference

[13], and the reader can draw his own conclusions about the acceptability

of our “reasonable'" hypothesis from there.

60f course, Ben-Porath already derived this rule in [2], for a model with

only one kind of accumulated human capital.

7Lest the reader think we exaggerate in stressing that food costs to the

family are an important determinant of how well children in developing
countries are fed, we cite -- almost at random -- a study made in a lower
class district of Cali, Colombia [10]. Median per capita income per month
of the people studied was 124 pesos, or about seven United States dollars.
To feed a five-year old Cali child an adequate diet according to FAO standards
(including animal protein) would cost the same 124 pesos per month, Since
rent, clothing, fuel, etc. are also costly, it is clear enough that deciding
whether or not to provide adequate food for an infant (who is, by the way,
less able to protest inadequate feeding than older family members) would

be a serious economic decision in a family at this level of income. And
Cali is a relatively prosperous city within Colombia; Colombia, a relatively
prosperous country.

The changes in the shadow prices P, and Py are not likely to be empirically
significant, at least judging from numerical solutions to similar models

[16]. Analytically, it is extremely difficult to say anything about their
magnitudes, although Py should fall and P, may rise or fall depending

on the relative importance of a change in ability in adding to earnings and
reducing utility for a given increment of schooling.

In fact, American evidence shows that the impact of higher ability on schooling

is positive (see Hause [7] for discussion of these findings). As (l1) shows,
this would not be consistent with traditional human capital models, which
have the individual maximizing only discounted income, as in (5a). The satis-
faction-from-schooling and quality-corrected schooling additions modify the
theory to save the phenomenon. At our present level of phenomenological
groping, this is a perfectly reasonable intervention.

The use of weight-for-age w as a normalizing factor in (12) corresponds
to usual diagnostic practice, i.e. a child malnourished in the third (worst)
degree reaches sixty percent or less of normal weight., We used the "Iowa"



weight norms [87 which describe well the development of well nourished
Chilean children, but the significance of our regression results would not
be altered by use of other norms.

11The index is a weighted average of indices of the following ten character-

istics of the children's homes: type of housing, toilet facilities, bathing
facilities, cooking facilities, location of cooking facilities, ownership

or rental arrangement of the house, elimination facilities, water source,
lighting system, per capita income, For more details on the construction

of SI, see Selowsky [15].

12 . L L . .
The subtests used were general comprehension, similarities, picture completion,
picture arrangement, object assembly and block design.

13We wish to thank Mrs. Marilu Figueroa and Mrs. M. Eugenia Pulido for their
assistance in obtaining and processing the sample data.

4
L The construction workers had higher scores on all subtests of the Wechsler-

Bellevue, not just the aggregate IQ measure. We also used subtest scores
as explanatory variables in the regression equations of Table 5, with similar
results. See [15].

1SWe note in passing that someone in the United States with about five years

of schooling (the mean for the workers) is considered a functional illiterate.
Perhaps this judgment would be unduly harsh for Chile, but there is still
reason to expect that at very low levels of formal schooling, '"native in-
telligence'" (in the sense of, for example, being able to learn to read fairly
well on one's own) might be a more important determinant of earnings than in
highly educated rich countries.

16We have used an exchange rate of EC°15 per dollar for 1970. See Taylor and

Bacha [17].

17By not adjusting the earnings profiles by the differential probability of
being unemployed through time we are understating the benefits of a higher 1Q.
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