Publ. 132 (1941) (Israel Program for Scientific
Translations, Jerusalem, 1969); G. Kukla,
Boreas 1, 63 (1972); Nature (London) 253, 600
(1975); J. D. Hays, J. Imbrie, N. J. Shackleton,
Science 194, 1121 (1976).

36. A. L. Berger, in Proceedings of the WMO/IA-
MAP Symposium on Long Term Climate Fluc-
tuations (World Meteorological Organization,
Geneva, 1975), pp. 65-72.

37. W. Dansgaard, S. J. Johnsen, H. B. Clausen, C.
C. Langway, Jr., in Radiocarbon Variations and
Absolute Chronology, 1. U. Olsson, Ed. (Wiley,
New York, 1970), pp. 337-348.

38. W. F. Tanner, J. Glaciol. 73, 413 (1965); H. H.
Lamb and A. Woodroffe, Quat. Res. (N.Y.) 1,
29 (1970); F. Loewe, Arct. Alp. Res. 3, 331
(1971); J. Williams, R. G. Barry, W. M. Wash-
ington, J. Appl. Meteorol. 13, 305 (1974).

39. J. T. Andrews, S. Funder, C. Hjort, J. Imbrie,
Geology 2, 355 (1974); W. Dansgaard, S. J.
Johnsen, H. B. Clausen, C. C. Langway, Jr., in
The Late Cenozoic Glacial Ages, K. K. Ture-
kian, Ed. (Yale Univ. Press, New Haven,
Conn., 1971), pp. 37-56.

40. J. H. Mercer, Arct. Alp. Res. 4, 227 (1969);
Palaeogeogr. Palaeoclimatol. Palaeoecol. 8, 19

Improving Cognitive Ability in
Chronically Deprived Children

Harrison McKay, Leonardo Sinisterra, Arlene McKay,

Hernando Gomez, Pascuala Lloreda

In recent years, social and economic
planning in developing countries has in-
cluded closer attention than before to the
nutrition, health, and education of chil-
dren of preschool age in low-income
families. One basis for this, in addition to
mortality and morbitity studies indi-

makes individual productivity and per-
sonal fulfillment increasingly contingent
upon such capability. In tropical and
subtropical zones of the world between
220 and 250 million children below 6
years of age live in conditions of environ-
mental deprivation extreme enough to

Summary. Beginning at different ages in their preschool years, groups of chronical-
ly undernourished children from Colombian families of low socioeconomic status par-
ticipated in a program of treatment combining nutritional, health care, and educational
features. By school age the gap in cognitive ability between the treated children and a
group of privileged children in the same city had narrowed, the effect being greater the
younger the children were when they entered the treatment program. The gains were
still evident at the end of the first grade in primary school, a year after the experiment

had ended.

cating high vulnerability at that age (1),
is information suggesting that obstacles
to normal development in the first years
of life, found in environments of such
poverty that physical growth is retarded
through malnutrition, are likely also to
retard intellectual development per-
manently if early remedial action is not
taken (2). The loss of intellectual capabil-
ity, broadly defined, is viewed as espe-
cially serious because the technological
character of contemporary civilization
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produce some degree of malnutrition (3);
failure to act could result in irretrievable
loss of future human capacity on a mas-
sive scale.

Although this argument finds wide-
spread agreement among scientists and
planners, there is uncertainty about the
effectiveness of specific remedial ac-
tions. Doubts have been growing for the
past decade about whether providing
food, education, or health care directly
to young children in poverty environ-
ments can counteract the myriad social,
economic, and biological limitations to
their intellectual growth. Up to 1970,
when the study reported here was formu-
lated, no definitive evidence was avail-
able to show that food and health care
provided to malnourished or ‘‘at risk™
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infants and young children could pro-
duce lasting increases in intellectual
functioning. This was so in spite of the
ample experience of medical specialists
throughout the tropical world that mal-
nourished children typically responded
to nutritional recuperation by being more
active physically, more able to assimilate
environmental events, happier, and
more verbal, all of which would be hy-
pothesized to create a more favorable
outlook for their capacity to learn ¢).
In conferences and publications em-
phasis was increasingly placed upon the
inextricable relation of malnutrition to
other environmental factors inhibiting
full mental development of preschool age
children in poverty environments (5). It
was becoming clear that, at least after
the period of rapid brain growth in the
first 2 years of life, when protein-calorie
malnutrition could have its maximum
deleterious physiological effects (6), nu-
tritional rehabilitation and health care
programs should be accompanied by
some form of environmental modifica-
tion for children at risk. The largest
amount of available information about
the potential effects of environmental
modification among children from poor
families pertained to the United States,
where poverty was not of such severity
as to make malnutrition a health issue of
marked proportions. Here a large litera-
ture showed that the low intellectual per-
formance found among disadvantaged
children was environmentally based and
probably was largely fixed during the
preschool years (7). This information
gave impetus to the belief that direct
treatments, carefully designed and prop-
erly delivered to children during early
critical periods, could produce large and
lasting increases in intellectual ability.
As a consequence, during the 1960’s a
wide variety of individual, research-
based preschool programs as well as a
national program were developed in the
United States for children from low-in-
come families (8). Several showed posi-
tive results but in the aggregate they
were not as great or as lasting as had
been hoped, and there followed a wide-
spread questioning of the effectiveness
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of early childhood education as a means
of permanently improving intellectual
ability among disadvantaged children on
a large scale (9).

From pilot work leading up to the
study reported here, we concluded that
there was an essential issue that had not
received adequate attention and the clar-
ification of which might have tempered
the pessimism: the relation of gains in in-
tellectual ability to the intensity and du-
ration of meliorative treatment received
during different periods in the preschool
years. In addition to the qualitative ques-
tion of what kinds of preschool inter-
vention, if any, are effective, attention
should have been given to the question
of what amount of treatment yields what
amount of gain. We hypothesized that
the increments in intellectual ability pro-
duced in preschool programs for dis-
advantaged children were subsequently
lost at least in part because the programs
were too brief. Although there was a
consensus that longer and more in-
tensive preschool experience could pro-
duce larger and more lasting increases,
in only one study was there to be found a
direct attempt to test this, and in that one
sampling problems caused difficulties in
interpretation (10).

As a consequence, the study reported
here was designed to examine the quan-
titative question, with chronically under-
nourished children, by systematically in-
creasing the duration of multidisciplinary
treatments to levels not previously re-
ported and evaluating results with mea-
sures directly comparable across all lev-
els (11). This was done not only to test
the hypothesis that greater amounts of
treatment could produce greater and
more enduring intellectual gains but also
to develop for the first time an appraisal
of what results could be expected at dif-
ferent points along a continuum of ac-
tion. This second objective, in addition
to its intrinsic scientific interest, was
projected to have another benefit, that of
being useful in the practical application
of early childhood services. Also unique
in the study design was the simultaneous
combination of health, nutrition, and ed-
ucational components in the treatment
program. With the exception of our own
pilot work ({/2), prior studies of pre-
school nutritional recuperation programs
had not included educational activities.
Likewise, preschool education studies
had not included nutritional recuperation
activities, because malnutrition of the
degree found in the developing countries
was not characteristic of disadvantaged
groups studied in the United States (13),
where most of the modern early-educa-
tion research had been done.
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Experimental Design and Subjects

The study was carried out in Cali, Co-
lombia, a city of nearly a million people
with many problems characteristic of
rapidly expanding cities in developing
countries, including large numbers of
families living in marginal economic con-
ditions. Table 1 summarizes the experi-
mental design employed. The total time
available for the experiment was 31
years, from February 1971 to August
1974. This was divided into four treat-
ment periods of 9 months each plus inter-
period recesses. Qur decision to begin
the study with children as close as pos-
sible to 3 years of age was based upon
the 2 years of pilot studies in which treat-
ment and measurement systems were de-
veloped for children starting at that age
(I4). The projected 180 to 200 days of
possible attendance at treatment made
each projected period similar in length to
a school year in Colombia, and the end
of the fourth period was scheduled to
coincide with the beginning of the year in
which the children were of eligible age to
enter first grade.

With the object of having 60 children
initially available for each treatment
group (in case many should be lost to the
study during the 3% year period), ap-
proximately 7500 families living in two of
the city’s lowest-income areas were vis-
ited to locate and identify all children
with birth dates between 1 June and 30
November 1967, birth dates that would
satisfy primary school entry require-
ments in 1974. In a second visit to the
733 families with such children, in-
vitations were extended to have the chil-

dren medically examined. The families
of 518 accepted, and each child received
a clinical examination, anthropometric
measurement, and screening for serious
neurological dysfunctions. During a third
visit to these families, interviews and ob-
servations were conducted to determine
living conditions, economic resources,
and age, education, and occupations of
family members. At this stage the num-
ber of potential subjects was reduced by
69 (to 449), because of errors in birth
date, serious neurological or sensory
dysfunctions, refusal to participate fur-
ther, or removal from the area.

Because the subject loss due to emi-
gration during the 4 months of prelimi-
nary data gathering was substantial, 333
children were selected to assure the par-
ticipation of 300 at the beginning of treat-
ment; 301 were still available at that
time, 53 percent of them male. Children
selected for the experiment from among
the 449 candidates were those having,
first, the lowest height and weight for
age; second, the highest number of clini-
cal signs of malnutrition (/5); and third,
the lowest per capita family income. The
second and third criteria were employed
only in those regions of the frequency
distributions where differences among
the children in height and weight for age
were judged by the medical staff to lack
biological significance. Figure 1 shows
these frequency distributions and in-
cludes scales corresponding to percent-
iles in a normal population (16).

The 116 children not selected were left
untreated and were not measured again
until 4 years later, at which point the 72
still living in the area and willing once

Table 1. Basic selection and treatment variables of the groups of children in the study. SES

is family socioeconomic status.

N

Group .

In 1971 In 1975

Characteristics

T1(a) 57 49

Low SES, subnormal weight and height. One treat-

ment period, between November 1973 and August
1974 (75 to 84 months of age)

T1(b) 56 47

Low SES, subnormal weight and height. One treat-

ment period, between November 1973 and August
1974 (75 to 84 months of age), with prior nutritional
supplementation and health care

T2 64 51

Low SES, subnormal weight and height. Two treat-

ment periods, between November 1972 and August
1974 (63 to 84 months of age)

T3 62 50

Low SES, subnormal weight and height. Three treat-

ment periods, between December 1971 and August
1974 (52 to 84 months of age)

T4 62 51

Low SES, subnormal weight and height. Four treat-

ment periods, between February 1971 and August
1974 (42 to 84 months of age)

HS 38 30

High SES. Untreated, but measured at the same points

as groups T1-T4

TO 116 72

Low SES, normal weight and height. Untreated
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again to collaborate were reincorporated
into the longitudinal study and measured
on physical growth and cognitive devel-
opment at the same time as the selected
children, beginning at 7 years of age. At
3 years of age these children did not
show abnormally low weight for age or
weight for height.

In order to have available a set of local
reference standards for ‘‘normal’’ phys-
ical and psychological development, and
not depend solely upon foreign stan-
dards, a group of children (group HS)
from families with high socioeconomic
status, living in the same city and having
the same range of birth dates as the ex-
perimental group, was included in the
study. Our assumption was that, in re-
gard to available economic resources,
housing, food, health care, and educa-
tional opportunities, these children had
the highest probability of full intellectual
and physical development of any group
in the society. In relation to the research
program they remained untreated, re-
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ceiving only medical and psychological
assessment at the same intervals as the
treated children, but the majority were
attending the best private preschools
during the study. Eventually 63 children
were recruited for group HS, but only
the 38 noted in Table 1 were available at

the first psychological testing session in |

1971.

Nearly all the 333 children selected for
treatment lived in homes distributed
throughout an area of approximately 2
square kilometers. This area was sub-
divided into 20 sectors in such a way that
between 13 and 19 children were includ-
ed in each sector. The sectors were
ranked in order of a standardized combi-
nation of average height and weight for
age and per capita family income of the
children. Each of the first five sectors in
the ranking was assigned randomly to
one of five groups. This procedure was
followed for the next three sets of five
sectors, yielding four sectors for each
group, one from each of four strata. At

percentiles, normal population

N S S
3 50 97

not selected group TO
X =98
e

T
10

not selected group TO
X = 98
P’d

90 100 110 120 130

T I T T T T
3 10 25 50 75 90 97
percentiles , normal

T

population

Fig. 1. Frequency distributions of height and weight (as percent of normal for age) of the subject
pool of 449 children available in 1970, from among whom 333 were selected for treatment
groups. A combination of height and weight was the first criterion; the second and third criteria,
applied to children in the overlap regions, were clinical signs of malnutrition and family income.
Two classification systems for childhood malnutrition yield the following description of the
selected children: 90 percent nutritionally ‘‘stunted’ at 3 years of age and 35 percent with
evidence of ‘‘wasting’’; 26 percent with ‘‘second degree’’ malnutrition, 54 percent with *‘first

degree,’” and 16 percent ‘‘low normal’’ (/6).
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this point the groups remained unnamed;
only as each new treatment period was
to begin was a group assigned to it and
families in the sectors chosen so in-
formed. The children were assigned by
sectors instead of individually in order to
minimize social interaction between fam-
ilies in different treatment groups and to
make daily transportation more efficient
(17). Because this ‘‘lottery’” system was
geographically based, all selected chil-
dren who were living in a sector immedi-
ately prior to its assignment were includ-
ed in the assignment and remained in the
same treatment group regardless of fur-
ther moves. In view of this process, it
must be noted that the 1971 N’s reported
for the treatment groups in Table 1 are
retrospective figures, based upon a count
of children then living in sectors assigned
later to treatment groups. Table 1 also
shows the subject loss, by group, be-
tween 1971 and 1975. The loss of 53 chil-
dren—18 percent—from the treatment
groups over 4 years was considerably
less than expected. Two of these chil-
dren died and 51 emigrated from Cali
with their families; on selection variables
they did not differ to a statistically signif-
icant degree from the 248 remaining.

A longitudinal study was begun, then,
with groups representing extreme points
on continua of many factors related to in-
tellectual development, and with an ex-
perimental plan to measure the degree to
which children at the lower extreme
could be moved closer to those of the up-
per extreme as a result of combined
treatments of varying durations. Table 2
compares selected (T1-T4), not selected
(T0), and reference (HS) groups on some
of the related factors, including those
used for selecting children for participa-
tion in treatment.

Treatments

The total number of treatment days
per period varied as follows: period 1,
180 days; period 2, 185; period 3, 190;
period 4, 172. A fire early in period 4 re-
duced the time available owing to the ne-
cessity of terminating the study before
the opening of primary school. The origi-
nal objective was to have each succeed-
ing period at least as long as the preced-
ing one in order to avoid reduction in in-
tensity of treatment. The programs occu-
pied 6 hours a day 5 days a week, and
attendance was above 95 percent for all
groups; hence there were approximately
1040, 1060, 1080, and 990 hours of treat-
ment per child per period from period 1
to period 4, respectively. The total num-
ber of hours of treatment per group,
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then, were as follows: T4, 4170 hours;
T3, 3130 hours; T2, 2070 hours; T1 (a
and b), 990 hours.

In as many respects as possible, treat-
ments were made equivalent between
groups within each period. New people,
selected and trained as child-care work-
ers to accommodate the périodic increas-
es in numbers of children, were com-
bined with existing personnel and dis-
tributed in such a way that experience,
skill, and familiarity with children al-
ready treated were equalized for all
groups, as was the adult-child ratio. Sim-

ilarly, as new program sites were added, -

children rotated among them so that all
groups occupied all sites equal lengths of
time. Except for special care given to the
health and nutritional adaptation of each
newly entering group during the initial
weeks, the same systems in these treat-
ments weie applied to all children within
periods. ‘

An average treatment day consisted of
6 hours of integrated health, nutritional,
and educational activities, in which ap-
proximately 4 hours were devoted to
education and 2 hours to health, nutri-
tion, and hygiene. In practice, the nutri-
tion and health care provided opportuni-
ties to reinforce many aspects of the edu-
cation curriculum, and time in the educa-
tion program was used to reinforce
recommended hygienic and food con-
sumption practices.

The nutritional supplementation pro-
gram was designed to provide a mini-
mum of 75 percent of recommended dai-
ly protein and calorie allowances, by
means of low-cost foods available com-
mercially, supplemented with vitamins
and minerals, and offered ad libitum
three times a day. In the vitamin and
mineral supplementation, special atten-
tion was given to vitamin A, thiamin, ri-
boflavin, niacin, and iron, of which at
least 100 percent of recommended die-
tary allowance was provided (I8).

The health care program included dai-
ly observation of all children attending
the treatment center, with immediate pe-
diatric attention to those with symptoms
reported by the parents or noted by the
health and education personnel. Chil-
dren suspected of an infectious condition
were not brought into contact with their
classmates until the danger of contagion
had passed. Severe health problems oc-
curring during weekends or holidays
were attended on an emergency basis in
the local university hospital.

The educational treatment was de-
signed to develop cognitive processes
and language, social abilities, and psy-
chomotor skills, by means of an inte-
grated curriculum model. It was a combi-
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Table 2. Selection variables and family characteristics of study groups in 1970 (means). All
differences between group HS and groups T1-T4 are statistically significant (P < .01) except
age of parents. There are no statistically significant differences among groups T1-T4. There are
statistically significant differences between group T0 and combined groups T1-T4 in height and
weight (as percent of normal), per capita income and food expenditure, number of family mem-
bers and children, and rooms per child; and between group T0 and group HS on all variables

except age of parents and weight.

Group
Variable
T1-T4 TO HS

Height as percent of normal for age 90 98 101
Weight as percent of normal for age 79 98 102
Per capita family income as percent

of group HS S 7 100
Per capita food expenditure in family

as percent of group HS 15 22 100
Number of family members 7.4 6.4 4.7
Number in family under 15 years of age 4.8 3.8 2.4
Number of play/sleep rooms per child 3 .S 1.6
Age of father 37 37 37
Age of mother 31 32 31
Years of schooling, father 3.6 3.7 14.5
Years of schooling, mother 3.5 3.3 10.0

nation of elements developed in pilot
studies and adapted from other programs
known to have demonstrated positive ef-
fects upon cognitive development (19).
Adapting to developmental .changes in
the children, its form progressed from a
structured day divided among six to
eight different directed activities, to one
with more time available for individual
projects. This latter form, while includ-
ing activities planned to introduce new
concepts, stimulate verbal expression,
and develop motor skills, stressed in-
creasing experimentation and decision
taking by the children. As with the nutri-
tion and health treatments during the
first weeks of each new period, the new-
ly entering children received special care
in order to facilitate their adaptation and
to teach the basic skills necessary for
them to participate in the program. Each
new period was conceptually more corm-
plex than the preceding one, the last
ones incorporating more formal reading,
writing, and number work.

y

Measures of Cognitive Development

There were five measurement points in
the course of the study: (i) at the begin-
ning of the first treatment period; (ii) at
the end of the first treatment period; (iii)
after the end of the second period, car-
rying over into the beginning of the third;
(iv) after the end of the third period, ex-
tending into the fourth; and (v) following
the fourth treatment period. For the pur-

pose of measuring the impact of treat-

ment upon separate components of cog-
nitive development, several short tests
were employed at each measurement
point, rather than a single intelligence

test. The tests varied from point to point,
as those only applicable at younger ages
were replaced by others that could be
continued into primary school years. At
all points the plan was to have tests that
theoretically measured adequacy of lan-
guage usage, immediate memory, man-
ual dexterity and motor control, informa-
tion and vocabulary, quantitative con-
cepts, spatial relations, and logical think-
ing, with a balance between verbal and
nonverbal production. Table 3 is a list of
tests applied at each measurement point.
More were applied than are listed; only
those employed at two or more measure-
ment points and having items that ful-
filled the criteria for the analysis de-
scribed below are included.

Testing was done by laypersons
trained and supervised by professional
psychologists. Each new test underwent
a 4 to 8 month developmental sequence
which included an initial practice phase
to familiarize the examiners with the for-
mat of the test and possible difficulties in
application. Thereafter, a series of pilot
studies were conducted to permit the
modification of items in order to attain
acceptable levels of difficulty, reliability,
and ease of application. Before each
measurement point, all tests were ap-
plied to children not in the study until
adequate inter-tester reliability and stan-
dardization of application were obtained.
After definitive application at each mea-
surement point, all tests were repeated
on a 10 percent sample to evaluate test-
retest reliability. To protect against ex-
aminer biases, the children were as-
signed to examiners randomly and no in-
formation was provided regarding treat-
ment group or nutritional or socioeco-
nomic level. (The identification of group
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HS children was, however, unavoidable
even in the earliest years, not only be-
cause of their dress and speech but also
because of the differences in their inter-
personal behavior.) Finally, in order to
prevent children from being trained spe-
cifically to perform well on test items,
the two functions of intervention and

evaluation were separated as far as pos-

sible. We intentionally avoided, in the
education programs, the use of materials
or objects from the psychological tests.
Also, the intervention personnel had no
knowledge of test content or format, and
neither they nor the testing personnel
were provided with information about
group performance at any of the mea-
surement points.

Data Analysis

The data matrix of cognitive measures
generated during the 44-month interval
between the first and last measurement
points entailed evaluation across several
occasions by means of a multivariate
vector of observations. A major problem
in the evaluation procedure, as seen in
Table 3, is that the tests of cognitive de-
velopment were not the same at every
measurement point. Thus the response
vector was not the same along the time
dimension. Initially a principal com-
ponent approach was used, with factor
scores representing the latent variables
(20). Although this was eventually dis-
carded because there was no guarantee
of factor invariance across occasions,
the results were very similar to those
yielded by the analyses finally adopted
for this article. An important conse-
quence of these analyses was the finding
that nearly all of the variation could be
explained by the first component (21),
and under the assumption of uni-
dimensionality cognitive test items were
pooled and calibrated according to the
psychometric model proposed by Rasch
(22) and implemented computationally
by Wright (23). The technique employed
to obtain the ability estimates in Table 4
guarantees that the same latent trait is
being reflected in these estimates (24).
Consequently, the growth curves in Fig.
2 are interpreted as representing ‘‘gener-
al cognitive ability” (25).

Table 5 shows correlations between
pairs of measurement points of the abili-
ty estimates of all children included in
the two points. The corréspondence is
substantial, and the matrix exhibits the
“‘simplex’’ pattern expected in psycho-
metric data of this sort (26). As the corre-
lations are not homogeneous, a test for
diagonality in the transformed error co-
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Table 3. Tests of cognitive ability applied at
different measurement points (see text) be-
tween 43 and 87 months of age. Only tests that
were applied at two adjacent points and that
provided items for the analysis in Table 4 are
included. The unreferenced tests were con-
structed locally.

Measure-
ment
points

Test

Understanding complex
commands

Figure tracing

Picture vocabulary

Intersensory perception (33)

Colors, numbers, letters

Use of prepositions

Block construction

Cognitive maturity (34)

Sentence completion (35)

Memory for sentences (34)

Knox cubes (36)

Geometric drawings (37)

Arithmetic 38, 39)

Mazes (40)

Information (41)

Vocabulary (39)

Block design (42)

Digit memory (43)

Analogies and similarities (44)

Matrices (45)

Visual classification

1,2

L2 L0 ) 0 L0 L) L) L) W) W) W W W W W

ko kot
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variance matrix was carried out, and the
resulting chi-square value led to rejec-
tion of a mixed model assumption. In
view of this, Bock’s multivariate proce-
dure (27), which does not require con-
stant correlations, was employed to ana-
lyze the differences among groups across
measurement points. The results showed
a significant groups-by-occasions effect,
permitting rejection of thé hypothesis of
parallel profiles among groups. A single
degree-of-freedom decomposition of this
effect showed that there were significant
differences in every possible Helmert
contrast. Stepdown tests indipatgd that
all components were required in describ-
ing profile differences. .

The data in Table 4, plotted in Fig. 2
with the addition of dates and duration of
treatment periods, are based upon the
same children at all measurement poirits.
These are children having complete med-
ical, socioeconomic, and psychological
test records. The discreparicies between
the 1975 N’s in Table 1 and the N’s in
Table 4 are due to the fact that 14 chil-
dren who were still participating in the
study in 1975 were excluded from the
analysis because at least one piece of in-
formation was missing, a move made to
facilitate correlational analyses. Be-
tween 2 percent (T4) and 7 percent (HS)
were excluded for this reason.

For all analyses, groups Tl(a) and
T1(b) were combined into group T1 be-
cause the prior nutritional supplementa-

tion and health care provided group
T1(b) had not been found to produce any
difference between the two groups. Fi-
nally, analysis by sex is not included be-
cause a statistically significant difference
was found at only one of the five mea-
surement points.

Relation of Gains to Treatment

The most important data in Table 4
and Fig. 2 are those pertaining to cogni-
tive ability scores at the fifth testing
point. The upward progression of mean
scores from T1 to T4 and the nonover-
lapping standard errors, except between
T2 and T3, generally confirm that the
sooner the treatment was begun the high-
er the level of general cognitive ability
reached by age 87 months. Another in-
terpretation of the data could be that the
age at which treatment began was a de-
termining factor independent of amount
of time in treatment.

It can be argued that the level of cogni-
tive development which the children
reached at 7 years of age depended upon
the magnitude of gains achieved during
the first treatment period in which they
participated, perhaps within the first 6
months, although the confounding of age
and treatment duration in the experimen-
tal design prohibits conclusive testing of
the hypothesis. The data supporting this
are in the declining magnitude of gain,
during the first period of treatment at-
tended, at progressively higher ages of
entry into the program. Using group T1
as an untreated baseline until it first en-
tered treatment, and calculating the dif-
ference in gains (28) between it and
groups T4, T3, and T2 during their re-
spective first periods of treatment, we
obtain the following values: group T4,
1.31; group T3, 1.26; and group T2, .57.
When calculated as gains per month be-
tween testing periods, the data are the
following: T4, .22; T3, .09; and T2, .04.
This suggests an exponential relationship.
Although, because of unequal intervals
between testing points and the over-
lapping of testing durations with treat-
ment periods, this latter relationship
must be viewed with caution, it is clear
that the older the children were upon en-
try into the treatment programs the less
was their gain in cognitive development
in the first 9 months of participation rela-
tive to an untreated baseline.

The lack of a randomly assigned, un-
treated control group prevents similar
quantification of the response of group
T1 to its one treatment period. If group
HS is taken as the baseline, the observed
gain of T1 is very small. The proportion

SCIENCE, VOL. 200



of the gap between group HS and group
T1 that was closed during the fourth
treatment period was 2 percent, whereas
in the initial treatment period of each of
the other groups the percentages were
group T4, 89; group T3, 55; and group T2,
16. That the progressively declining re-
sponsiveness at later ages extends to
group T1 can be seen additionally in the
percentages of gap closed between group
T4 and the other groups during the first
treatment period of each of the latter:
group T3, 87; group T2, 51; and group
T1, 27.

Durability of Gains

Analysis of items common to testing
points five and beyond has yet to be
done, but the data contained in Fig. 3,
Stanford-Binet intelligence quotients at 8
years of age, show that the relative posi-
tions of the groups at age 7 appear to
have been maintained to the end of the
first year of primary school. Although
the treated groups all differ from each
other in the expected direction, generally
the differences are not statistically signif-
icant unless one group has had two treat-
ment periods more than another. A sur-
prising result of the Stanford-Binet test-
ing was that group TO children, the
seemingly more favored among the low-
income community (see Table 2),
showed such low intelligence quotients;
the highest score in group T0 (IQ = 100)
was below the mean of group HS, and
the lowest group HS score (IQ = 84)
was above the mean of group TO. This
further confirms that the obstacles to

.normal intellectual growth found in con-
ditions of poverty in which live large
segments of the population are very
strong. It is possible that this result is
due partly to differential testing his-
tories, despite the fact that group TO had
participated in the full testing program at
the preceding fifth measurement point,
and that this was the first Stanford-Binet
testing for the entire group of subject
children.

The difference between groups T0 and
T1 is in the direction of superiority of
group T1 (¢ = 1.507, P < .10). What the
1Q of group T1 would have been without
its one treatment period is not possible to
determine except indirectly through re-
gression analyses with other variables,
but we would expect it to have been
lower than T0’s, because T0 was signifi-
cantly above T1 on socioeconomic and
anthropometric correlates of 1Q (Table
2). Also, T1 was approximately .30 stan-
dard deviation below T0 at 38 months of
age on'a cognitive development factor of
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a preliminary neurological screening test
applied in 1970, prior to selection. Given
these data and the fact that at 96 months
of age there is a difference favoring
group T1 thgg approaches statistical sig-

nificance, we conclude not only that
group T1 children increased in cognitive
ability as a result of their one treatment
period (although very little compared to
the other groups) but also that they re-

Table 4. Scaled scores on general cognitive ability, means and estimated standard errors, of the
four treatment groups and group HS at five testing points.

Average age at testing (months)

Group N
43 49 63 77 87
Mean score
HS 28 - .11 .39 2.28 4.27 4.89
T4 50 —1.82% 21 1.80 3.35 3.66
T3 47 -1.72 -1.06 1.64 3.06 3.35
T2 49 —1.94 -1.22 307 2.61 3.15
T1 90 —1.83 ~1.11 .33 2.07 2.73
Estimated standard error
HS 28 1192 .196 .166 191 .198
T4 50 225 .148 .138 164 . 152
T3 47 .161 136 .103 123 120
T2 49 131 132 115 133 125
Tl 90 110 .097 .098 124 .108
Standard deviation
All groups 1.161 1.153 1.169 1.263 1.164

*Calculated from 42 percent sample tested prior to beginning of treatment.

sample tested prior to beginning of treatment.

5+

tCalculated from 50 percent

High SES
T4 Ae—a 4‘Treatment periods
T3 ¢—o 3Treatment periods
T2 x——x 2Treatment periods
T1 9;——0 1 Tréaxment period

-2 4 treatment periods
Feb Nov  Dec Sept . Nov Aug Nov Aug,
—{ } ik ks 554
1971 1971 1972° 1972 1973 1973 1974
+ + t t f } + + + t ———t——+ B e S
42 48 54 60 66 72 78 84 90

Fig. 2. Growth of general cogmtlve ability of the
age at the beginning of primary school. Ability

Age (months)

children from age 43 months to 87 months, the
scores are scaled sums of test items correct

among items common to proximate testing points. The solid lines represent periods of participa-
tion in a treatment sequence, and brackets to the right of'the curves indicate + 1 stapdard error
of the corresponding group means at the fifth theasurement pomt At the fourth measurement
point there are no overlapping standard errors; at earlier’ measuiement’ points there is overlap
only among 0bv10usly adjacent groups (see Table 4). Group TO was tested at the fifth measure-
ment point but is not represented in this figure, 0r in Table 2, because its observed low level of
performance could have been attributed to the fact that this was the first testing experience of
the group TO chlldren since the neurological screening 4 years earlier.
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tained the increase through the first year
of primary school.

An interesting and potentially impor-
tant characteristic of the curves in Fig. 3
is the apparent increasing bimodality of
the distribution of the groups with in-
creasing length of treatment, in addition
to higher means and upward movement
of both extremes. The relatively small
sample sizes and the fact that these re-
sults were found only once make it haz-
ardous to look upon them as definitive.
However, the progression across groups
is quite uniform and suggests that the is-
sue of individual differential response to
equivalent treatment should be studied
more carefully.

Social Significance of Gains

Group HS was included in the study
for the purpose of establishing a baseline
indicating what could be expected of
children when conditions for growth and
development were optimal. In this way
the effectiveness of the treatment could

Table 5. Correlation of ability scores across
measurement points.

Measure-
ment

points 1 2 3 4 5
1 - .78 .68 .54 .48
2 - 80 .66 .59
3 - 71 .69
4 - .76
5 -

be evaluated from a frame of reference of
the social ideal. It can be seen in Table 4
that group HS increased in cognitive
ability at a rate greater than the baseline
group T1 during the 34 months before T1
entered treatment. This is equivalent to,
and confirms, the previously reported
relative decline in intelligence among
disadvantaged children (29, p. 258). Be-
tween the ages of 4 and 6 years, group
HS children passed through a period of
accelerated development that greatly in-
creased the distance between them and
all the treatment groups. The result, at
age 77 months, was that group T4 arrived

401
30
20 _
TO X=794
10 s=972
% N=60
40
30
20 _
T1 X=820
10 s=11.29
9% N=91
Fig. 3. Mean scores on the
40 Stanford-Binet  Intelligence
Test at 8 years of age. Groups
30 TO-T4 had had 1 year of pri-
20 mary school. Group HS chil-
T2 x-86.6 dren had attended preschool
10 5=13.09  and primary schools for up to
% N=50 five consecutive years prior to
this testing point. Mental age
30 minus chronological age is as
follows:
20
_ Group TO  —18 months
10 T3 )s( ;%5_36‘3; Group T1  —15 months
% N=51 Group T2 —11 months
) . Group T3 - 9months
20 Group T4 — Smonths
10 T4 x-924 Group HS  +10 months
s =15.07
% ) N=48
20
10 HS x-109.2
0, 5=14 .86
% ] ] N=53
20 ' .
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X=100
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at a point approximately 58 percent of
the distance between group HS and the
untreated baseline group T1, group T3
arrived at 45 percent, and group T2 at 24
percent. Between 77 and 87 months,
however, these differences appear to
have diminished, even taking into ac-
count that group T1 entered treatment
during this period. In order for these per-
centages to have been maintained, the
baseline would have had to remain es-
sentially unchanged. With respect to
overall gains from 43 months to 87
months, the data show that reduction of
the 1.5 standard deviation gap found at
43 months of age between group HS and
the treated children required a duration
and intensity of treatment at least equal
to.that of group T2; the group HS overall
growth of 5.00 units of ability is less than
that of all groups except T1.

As noted, group HS was not represen-
tative of the general population, but was
a sample of children intentionally chosen
from a subgroup above average in the so-
ciety in characteristics favorable to gen-
eral cognitive development. For the pop-
ulation under study, normative data do
not exist; the ‘‘theoretical normal’’ dis-
tribution shown in Fig. 3 represents the
U.S. standardization group of 1937 (30).
As a consequence, the degree to which
the treatments were effective in closing
the gap between the disadvantaged chil-
dren and what could be described as an
acceptable level cannot be judged. It is

~ conceivable that group HS children were

developing at a rate superior to that of
this hypothetical normal. If that was the
case, the gains of the treated children
could be viewed even more positively.
Recent studies of preschool programs
have raised the question whether dif-
ferences between standard intellectual
performance and that encountered in dis-
advantaged children represent real defi-
cits or whether they reflect cultural or
ethnic uniquenesses. This is a particular-
ly relevant issue where disadvantaged
groups are ethnically and linguistically
distinct from the dominant culture (29,
pp. 262-272; 31). The historical evolu-
tion of differences in intellectual ability

~ found between groups throughout the

world is doubtless multidimensional,
with circumstances unique to each so-
ciety or region, in which have entered re-
ligious, economic, ethnic, biological, and
other factors in different epochs, and
thus the simple dichotomy of culture
uniqueness versus deprivation is only a
first approximation to a sorely needed,
thorough analysis of antecedents and
correlates of the variations. Within the
limits of the dichotomy, however, the
evidence with regard to the children in
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our study suggests that the large dif-
ferences in cognitive ability found be-
tween the reference group and the
treated groups in 1971 should be consid-
ered as reflecting deficits rather than di-
vergent ethnic identities. Spanish was
the language spoken in all the homes,
with the addition of a second language in
some group HS families. All the children
were born in the same city sharing the
same communication media and popular
culture and for the most part the same
religion. Additionally, on tests designed
to maximize the performance of the chil-
dren from low-income families by the
use of objects, words, and events typical
in their neighborhoods (for example, a
horse-drawn cart in the picture vocabu-
lary test), the difference between them
and group HS was still approximately
1.50 standard deviations at 43 months of
age. Thus it is possible to conclude that
the treated children’s increases in cogni-
tive ability are relevant to them in their
immediate community as well as to the

ideal represented by the high-status ref-

erence group. This will be more precise-
ly assessed in future analyses of the rela-
tion of cognitive gains to achievement in
primary school.

Conclusions

The results leave little doubt that envi-
ronmental deprivation of a degree severe
enough to produce chronic undernutri-
tion manifested primarily by stunting
strongly retards general cognitive devel-
opment, and that the retardation is less
amenable to modification with increasing
age. The study shows that combined nu-
tritional, health, and educational treat-
ments between 3% and 7 years of age can
prevent large losses of potential cogni-
tive ability, with significantly greater ef-
fect the earlier the treatments begin. As
little as 9 months of treatment prior to
primary school entry appears to produce
significant increases in ability, although
small compared to the gains of children
receiving treatment lasting two, three,
and four times as long. Continued study
will be necessary to ascertain the long-
range durability of the treatment effects,
but the present data show that they per-
sist at 8 years of age.

The increases in general cognitive abil-
ity produced by the multiform preschool
interventions are socially significant in
that they reduce the large intelligence
gap between children from severely de-
prived environments and those from fa-
vored environments, although the extent

to which any given amount of inter-

vention might be beneficial to wider so-
21 APRIL 1978

cietal development is uncertain (32). Ex-
trapolated to the large number of chil-
dren throughout the world who spend
their first years in poverty and hunger,
however, even the smallest increment
resulting from one 9-month treatment pe-
riod could constitute an important im-
provement in the pool of human capabili-
ties available to a given society.
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of multiform, integrated attention to its pre-
school age children in a nationwide government
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among developing countries, a rarely encoun-
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sion, and the law creating this social action must
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gions of the world.

Adapted from a procedure described by H. G.
Birch and A. Lefford, in Brain Damage in Chil-
dren: The Biological and Social Aspects, H. G.
Birch, Ed. (Williams & Wilkins, Baltimore,
1964). Only the visual-haptic modality was mea-
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