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Part I  EXPERIMENTAL DESIGNS

Improving Cognitive Ability in Chronically Deprived Children

Harrison McKay ¢ Leonardo Sinisterra * Arlene McKay
Hernando Gomez + Pascuala Lloreda

IN RECENT YEARS, social and economic plan-
ning in developing countries has included
closer attention than before to the nutrition,
health, and education of children of preschool
age in low-income families. One basis for this,
in addition to mortality and morbidity studies
indicating 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
permanently if early remedial action is not
taken (2). The loss of intellectual capability,
broadly defined, is viewed as especially serious
because the technological character of contem-
porary civilization makes individual productiv-
ity and personal 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 environmental deprivation ex-
treme enough to produce some degree of mal-
nutrition (3); failure to act could result in
irretrievable loss of future human capacity on a
massive scale.

Although this argument finds widespread
agreement among scientists and planners,
there is uncertainty about the effectiveness of
specific remedial actions. Doubts have been
growing for the past decade about whether
providing food, education, or health care di-
rettly 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 formulated, no defini-
tive evidence was available to show that food

and health care provided to malnourished or
“at risk” infants and young children could pro-
duce lasting increases in intellectual function-
ing. This was so in spite of the ample
experience of medical specialists throughout
the tropical world that malnourished children
typically responded to nutritional recupera-
tion 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 (4).

In conferences and publications emphasis
was increasingly placed upon the inextricable
relation of malnutrition to other environmen-
tal factors inhibiting full mental development
of preschool age children in poverty environ-
ments (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 mal-
nutrition could have its maximum deleterious
physiological effects (6), nutritional rehabilita-
tion and health care programs should be ac-
companied by some form of environmental
modification of children at risk. The largest
amount of available information about the
potential effects of environmental modifica-
tion among children from poor families per-
tained to the United States, where poverty was
not of such severity as to make malnutrition a
health issue of marked proportions. Here a
large literature showed that the low intellectual
performance found among disadvantaged
children was environmentally based and prob-
ably was largely fixed during the preschool
years (7). This information gave impetus to
the belief that direct treatments, carefully de-
signed and properly delivered to children dur-
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ing early critical periods, could produce large
and lasting increases in intellectual ability. As a
consequence, during the 1960s a wide variety
of individual, research-based preschool pro-
grams as well as a national program were de-
veloped in the United States for children from
low-income 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 widespread questioning of the
effectiveness 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 clarification of which might
have tempered the pessimism: the relation of
gains in intellectual ability to the intensity and
duration of meliorative treatment received
during different periods in the preschool years.
In addition to the qualitative question of what
kinds of preschool intervention, if any, are ef-
fective, 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 produced
in preschool programs for disadvantaged chil-
dren were subsequently lost at least in part be-
cause the programs were too brief. Although
there was a consensus that longer and more
intensive preschool experience could produce
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 quantita-
tive question, with chronically undernour-
ished children, by systematically increasing
the duration of multidisciplinary treatments
to levels not previously reported and evaluat-
ing results with measures directly comparable
across all levels (11). This was done not only
to test the hypothesis that greater amounts of
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treatment could produce greater and more
enduring intellectual gains but also to de-
velop for the first time an appraisal of what
results could be expected at different points
along a continuum of action. This second ob-
jective, in addition to its intrinsic scientific
interest, was projected to have another ben-
efit: that of being useful in the practical appli-
cation of early childhood services. Also
unique in the study design was the simulta-
neous combination of health, nutrition, and
educational components in the treatment
program. With the exception of our own pi-
lot work (12), prior studies of preschool nu-
tritional recuperation programs had not
included educational activities. Likewise, pre-
school education studies had not included
nutritional recuperation activities, because
malnutrition of the degree found in the de-
veloping countries was not characteristic of
disadvantaged groups studied in the United
States (13), where most of the modern early-
education research had been done.

Experimental Design
and Subjects

The study was carried out in Cali, Colombia,
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 eco-
nomic conditions. Table 1 summarizes the
experimental design employed. The total
time available for the experiment was 3°
years, from February 1971 to August 1974.
This was divided into four treatment periods
of 9 months each plus interperiod recesses.
Our decision to begin the study with children
as close as possible to 3 years of age was based
upon the 2 years of pilot studies in which
treatment and measurement systems were
developed for children starting at that age
(14). The projected 180 to 200 days of pos-
sible attendance at treatment made each pro-
jected period similar in length to a school
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TABLE 1

Basic selection and treatment variables of the

N

Group In 1971 In 1975 Characteristic

<_ﬁ
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groups of children in the study.

Low SES, subnormal weight and height. One treatment period,

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

Low SES, subnormal weight and height. One treatment period,
between November 1973 and August 1974 (75 to 84 months of age)

’

with prior nutritional supplementation and health care

Low SES, subnormal weight and height. Two treatment periods, between

November 1972 and August 1974 (63 to 84 months of age)

Low SES, subnormal weight and height. Three treatment periods,

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

Low SES, subnormal weight and height. Four treatment periods, between

February 1971 and August 1974 (42 to 84 months of age)

Ti(a) 57 49
T1(b) 56 47
T2 64 51
T3 62 50
T4 62 51
HS 38 30
T4
T0 116 72

High SES. Untreated, but measured at the same points as groups T1—

Low SES, normal weight and height. Untreated

a. SES is family socioeconomic status.

year in Colombia, and the end of the fourth
period was scheduled to coincide with the be-
ginning 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), approximately
7500 families living in two of the city’s low-
est-income areas were visited to locate and
identify all children with birth dates be-
tween 1 June and 30 November 1967, birth
dates that would satisfy primary school en-
try requirements in 1974. In a second visit to
the 733 families with such children, invita-
tions were extended to have the children
medically examined. The families of 518 ac-
cepted, and each child received a clinical ex-
amination, anthropomeltric measurement,
and sé:'e(rning for serious neurological dys-
functions. During a third visit to these fami-
lies, interviews and observations were
conducted to determine living conditions,
economic resources, and age, education, and

occupations of family members. At this
stage the number of potential subjects was
reduced by 69 (to 449), because of errors in
birth date, serious neurological or sensory
dysfunctions, refusal to participate further,
or removal from the area.

Because the subject loss due to emigra-
tion during the 4 months of preliminary data
gathering was substantial, 333 children were
selected to assure the participation of 300 at
the beginning of treatment; 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 clinical
signs of malnutrition (15); 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
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CHaAPTER 5 PRETEST-POSTTEST CONTROL GROUP DESIGN

and includes scales corresponding to percen-
tiles 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 again to collabo-
rate were reincorporated into the longitudi-
nal study and measured on physical growth
and cognitive development 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” physical and
psychological development, and not depend
solely upon foreign standards, 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 experimental group, was included in the
study. Our assumption was that, in regard to
available economic resources, housing, food,
health care, and educational opportunities,
these children had the highest probability of
full intellectual and physical development of
any group in the society. In relation to the re-
search program they remained untreated, re-
ceiving only medical and psychological
assessment at the same intervals as the
treated children, but the majority were at-
tending the best private preschools during
the study. Eventually 63 children were re-
cruited for group HS, but only the 38 noted
in Table 1 were available at the first psycho-
logical testing session in 1971.

Nearly all the 333 children selected for
treatment lived in homes distributed through-
out an area of approximately 2 square kilome-
ters. This area was subdivided into 20 sectors
in such a way that between 13 and 19 children
were included in each sector. The sectors were
ranked in order of a standardized combination
of average height and weight for age and per
capita family income of the children. Each of
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the first five sectors in the ranking was as-
signed 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 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 informed. The children were as-
signed by sectors instead of individually in or-
der to minimize social interaction between
families in different treatment groups and to
make daily transportation more efficient (17).
Because this “lottery” system was geographi-
cally based, all selected children who were liv-
ing in a sector immediately prior to its
assignment were included in the assignment
and remained in the same treatment group re-
gardless of further moves. In view of this pro-
cess, 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, between 1971 and 1975.
The loss of 53 children—18 percent—f{rom
the treatment groups over 4 years was consid-
erably 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 significant degree
from the 248 remaining.

A longitudinal study was begun, then,
with groups representing extreme points on
continua of many factors related to intellectual
development, and with an experimental plan
to measure the degree to which children at the
lower extreme could be moved closer to those
of the upper extreme as a result of combined
treatments of varying durations. Table 2 com-
pares selected (T1-T4), not selected (T0), and
reference (HS) groups on some of the related
factors, including those used for selecting chil-
dren for participation in treatment.
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FIGURE 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” (16)
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 reduced the time avail-
able owing to the necessity of terminating the
study before the opening of primary school.
The original objective was to have each suc-
ceeding period at least as long as the preced-

ing one in order to avoid reduction in inten-
sity of treatment. The programs occupied 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 treatment per child per pe-
riod from period 1 to period 4, respectively.
The total number of hours of treatment per
group, then, were as follows: T4, 4170 hours;
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T3, 3130 hours; T2, 2070 hours; T1 (a and b),
990 hours.

In as many respects as possible, treatments
were made equivalent between groups within
each period. New people, selected and trained
as child-care workers to accommodate the pe-
riodic increases in numbers of children, were
combined with existing personnel and distrib-
uted in such a way that experience, skill, and
familiarity with children already treated were
equalized for all groups, as was the adult-child
ratio. Similarly, 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 sys-
tems in these treatments were applied to all
children within periods.

An average treatment day consisted of 6
hours of integrated health, nutritional, and
educational activities, in which approxi-
mately 4 hours were devoted to education
and 2 hours to health, nutrition, and hygiene.
In practice, the nutrition and health care pro-
vided opportunities to reinforce many as-
pects of the educational curriculum, and
time in the education program was used to
reinforce recommended hygienic and food
consumption practices.

The nutritional supplementation pro-
gram was designed to provide a minimum of
75 percent of recommended daily protein and
calorie allowances, by means of low-cost foods
available commercially, supplemented with vi-
tamins and minerals, and offered ad libitum
three times a day. In the vitamin and mineral
supplementation, special attention was given
to vitamin A, thiamin, riboflavin, niacin, and
iron, of which at least 100 percent of recom-
mended dietary allowance was provided (18).

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

The educational treatment was designed
to develop cognitive processes and language,
social abilities, and psychomotor skills, by
means of an integrated curriculum model. It
was a combination of elements developed in
pilot studies and adapted from other pro-
grams known to have demonstrated positive
effects upon cognitive development (19).
Adapting to developmental changes in the
children, its form progressed from a struc-
tured day divided among six to eight different
directed activities, to one with more time
available for individual projects. This latter
form, while including activities planned to
introduce new concepts, stimulate verbal ex-
pression, and develop motor skills, stressed
increasing experimentation and decision tak-
ing by the children. As with the nutrition and
health treatments during the first weeks of
each new period, the newly entering children
received special care in order to facilitate
their adaptation and to teach the basic skills
necessary for them to participate in the pro-
gram. Each new period was conceptually
more complex than the preceding one, the
last ones incorporating more formal reading,
writing, and number work.

Measures of
Cognitive Development

There were five measurement points in the
course of the study: (i) at the beginning of
the first treatment period; (ii) at the end of
the first treatment period; (iii) after the end
of the second period, carrying over into the
beginning of the third; (iv) after the end of
the third period, extending into the fourth;
and (v) following the fourth treatment pe-
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TABLE 2
Selection variables and family characteristics of study groups in 1970 (means). All differences be-
tween group HS and groups 'T'1-14 are slatistically significant (P< .01) except age of parents, There
are no statistically significant differences among groups T1-T4, There are statistically significany
differences between group T0 and combined groups T1=14 in height and weight (as percent of
normal), per capita income and food expenditure, number of family members 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 T0 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 H$ 5 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 of family under 15 years of age 4.8 3.8 2.4
Number of play/sleep rooms per child 0.3 0.5 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

riod. For the purpose of measuring the im-
pact of treatment upon separate compo-
nents of cognitive development, several
short tests were employed at each measure-
ment 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 mea-
sured adequacy of language usage, immedi-
ate memory, manual dexterity and motor
control, information and vocabulary, quan-
titative concepts, spatial relations, and logi-
cal thinking, 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 fulfilled
«the criteria for the analysis described below
are included.

Testing was done by laypersons trained
and supervised by professional psychologists.
Each new test underwent a 4 to 8 month devel-
opmental sequence which included an

initial practice phase to familiarize the exam-
iners with the format 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 ac-
ceptable levels of difficulty, reliability, and ease
of application. Before each measurement
point, all tests were applied to children not in
the study until adequate inter-tester reliability
and standardization of application were ob-
tained. After definitive application at each
measurement point, all tests were repeated on
a 10 percent sample to evaluate test-retest reli-
ability. To protect against examiner biases, the
children were assigned to examiners randomly
and no information was provided regarding
treatment group or nutritional or socioeco-
nomic level. (The identification of group HS
children was, however, unavoidable even in the
earliest years, not only because of their dress
and speech but also because of the differences
in their interpersonal behavior.) Finally, in or-
der to prevent children from being trained
specifically to perform well on test items, the
two functions of intervention and evaluation
were separated as far as possible. We intention-
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CHAPTER 5 PRETEST-POSTTEST CONTROL GROUP DESIGN

ally avoided, in the education programs, the
use of materials or objects from the psycho-
logical 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 measurement
points.

Data Analysis

The data matrix of cognitive measures gen-
erated during the 44-month interval be-
tween the first and last measurement points
entailed evaluation across several occasions
by means of a multivariate vector of obser-
vations. A major problem in the evaluation
procedure, as seen in Table 3, is that the tests
of cognitive development were not the same
at every measurement point. Thus the re-

TABLE 3

Tests of cognitive ability applied at different measure-
ment points (see text) between 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 constructed
locally.

Measurement

Test points

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)

Informatioh (47)
Vocabulary (39)

Block design (42)

Digit memory (43)
Analogies and similarities (44)
Matrices (45)

Visual classification
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sponse 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 discarded be-
cause there was no guarantee of factor in-
variance across occasions, the results were
very similar to those yielded by the analyses
finally adopted for this article. An important
consequence of these analyses was the find-
ing that nearly all of the variation could be
explained by the first component (21), and
under the assumption of unidimensionality
cognitive test items were pooled and cali-
brated according to the psychometric model
proposed by Rasch (22) and implemented
computationally by Wright (23). The tech-
nique employed to obtain the ability esti-
mates in Table 4 guarantees that the same
latent trait is being reflected in these esti-
mates (24). Consequently, the growth curves
in Fig. 2 are interpreted as representing
“general cognitive ability” (25).

Table 5 shows correlations between pairs
of measurement points of the ability estimates
of all children included in the two points. The
correspondence is substantial, and the matrix
exhibits the “simplex” pattern expected in psy-
chometric data of this sort (26). As the correla-
tions are not homogeneous, a test for
diagonality in the transformed error covari-
ance matrix was carried out, and the resulting
chi-square value led to rejection of a mixed
model assumption. In view of this, Bock’s
multivariate procedure (27), which does not
require constant correlations, was employed to
analyze the differences among groups across
measurement points. The results showed a sig-
nificant groups-by-occasions effect, permit-
ting rejection of the 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 in-
dicated that all components were required in
describing profile differences.
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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 -0.11 .39 2.28 4.27 4.89
T4 50 -1.822 21 1.80 3.35 3.66
T3 47 -1.72 -1.06 1.64 3.06 3.35
T2 49 -1.94 -1.22 300 2.61 3.15
T1 90 -1.83 -1.11 .33 2.07 2.73
Estimated standard error
HS 28 .192 196 .166 191 .198
T4 50 225 148 138 .164 .152
T3 47 161 136 .103 123 120
T2 49 131 132 115 133 125
T1 90 110 .097 .098 124 .108
Standard deviation
All groups 1.161 1.153 1.169 1.263 1.164

a. Calculated from 42 percent sample tested prior to beginning of treatment.
b. Calculated from 50 percent sample tested prior to beginning of treatment.

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 points. These
are children having complete medical, so-
cioeconomic, and psychological test records.
The discrepancies between the 1975 N’s in
Table 1 and the N’s in Table 4 are due to the
fact that 14 children who were still partici-
pating in the study in 1975 were excluded
from the analysis because at least one piece
of information was missing, a move made to
facilitate correlational analyses. Between 2
percent (T4) and 7 percent (HS) were ex-
cluded for this reason.

TABLE 5

Correlation of ability scores across measure-
ment points

Measurement
points 1 2 3 4 5
1 .78 .68 .54 A48
2 — 80 .66 59
3 — 71 .69
4 76
5 -

For all analyses, groups T1(a) and T1(b)
were combined into group T1 because the
prior nutritional supplementation and health
care provided group T1(b) had not been
found to produce any difference between the
two groups. Finally, analysis by sex is not in-
cluded because a statistically significant dif-
ference was found at only one of the five
measurement points.

Relation of Gains to Treatment

The most important data in Table 4 and Fig. 2
are those pertaining to cognitive ability scores
at the fifth testing point. The upward progres-
sion of mean scores from T1 to T4 and the
nonoverlapping standard errors, except be-
tween T2 and T3, generally confirm that the
sooner the treatment was begun the higher the
level of general cognitive ability reached by age
87 months. Another interpretation of the data
could be that the age at which treatment began
was a determining factor independent of
amount of time in treatment.

It can be argued that the level of cognitive
development which the children reached at 7
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FIGURE 2

Growth of general cognitive ability of the children from age 43 months to 87 months, the age at the
beginning of primary school. Ability scores are scaled sums of test items correct among items
common to proximate testing points. The solid lines represent periods of participation in a treat-
ment sequence, and brackets to the right of the curves indicate 1 standard error of the corre-
sponding group means at the fifth measurement point. At the fourth measurement point there are
no overlapping standard errors; at eatlier measurement points there is overlap onty among obvi-
ously adjacent groups (see Table 4). Group T0 was tested at the fifth measurement point but is not

represented in this figure, or 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 children since

the neurological screening 4 years earlier.

years of age depended upon the magnitude of
gains achieved during the first treatment pe-
riod in which they participated, perhaps
within the first 6 months, although the con-
founding of age and treatment duration in the
experimental design prohibits conclusive test-
ing of the hypothesis. The data supporting
this are in the declining magnitude of gain,
during the first period of treatment attended,
at progressively higher ages of entry into the
program. Using group T1 as an untreated
baseline until it first entered treatment, and

calculating the difference in gains (28) be-
tween it and groups T4, T3, and T2 during
their respective first periods of treatment, we
obtain the following values: group T4, 1.31;
group T3, 1.26; and group T2, .57. When cal-
culated as gains per month between testing
periods, the data are the following: T4, .22;
T3, .09; and T2, .04. This suggests an expo-
nential relationship. Although, because of un-
equal intervals between testing points and the
overlapping of testing durations with treat-
ment periods, this latter relationship must be
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viewed with caution, it is clear that the older
the children were upon entry into the treat-
ment programs the less was their gain in cog-
nitive development in the first 9 months of
participation relative to an untreated baseline.

The lack of a randomly assigned, un-
treated control group prevents similar quan-
tification 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 of the gap between
group HS and group T1 that was closed dur-
ing the fourth treatment period was 2 per-
cent, 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 intel-
ligence quotients at 8 years of age, show that
the relative positions 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 differ-
ences are not statistically significant unless
one group has had two treatment periods
more than another. A surprising result of the
Stanford-Binet testing was that group TO0
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 be-
low the mean of group HS, and the lowest
group HS score (IQ = 84) was above the
mean of group TO. This further confirms that

Parr [I  ExPERIMENTAL DESIGNS

the obstacles to normal intellectual growth
found in conditions 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 histories, 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
(t = 1.507, P < .10). What the IQ of group
T1 would have been without its one treatment
period is not possible to determine except in-
directly through regression analyses with
other variables, but we would expect it to have
been lower than T0’s, because TO was signifi-
cantly above T1 on socioeconomic and an-
thropometric correlates of IQ (Table 2). Also,
T1 was approximately .30 standard deviation
below TO at 38 months of age on a cognitive
development factor of a preliminary neuro-
logical 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 that approaches statistical signifi-
cance, we conclude not only that group T1
children increased in cognitive ability as a re-
sult of their one treatment period (although
very little compared to the other groups) but
also that they retained the increase through
the first year of primary school.

An interesting and potentially important
characteristic of the curves in Fig. 3 is the ap-
parent increasing bimodality of the distribu-
tion of the groups with increasing length of
treatment, in addition to higher means and
upward movement of both extremes. The
relatively small sample sizes and the fact that
these results were found only once make it
hazardous to look upon them as definitive.
However, the progression across groups is
quite uniform and suggests that the issue of
individual differential response to equivalent
treatment should be studied more carefully.
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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

FIGURE 3

Mean scores on the Stanford-Binet Intelligence Test
at 8 years of age. Groups T0-T4 had had one year of
primary school. Group HS children had attended pre-
school and primary schools for up to five consecutive
years prior to this testing point. Mental age minus
chronological age is as follows:

Group TO - 18 months
Group T1 - 15 months
Group T2 - 11 months
Group T3 - 9 months
Group T4 - 5 months
Group HS + 10 months
40
30
20 T0O x=79.4
10 s=9.72
% N =60
40
30
20 T1 Xx=82.0
10 s=11.29
% N=91
40/
30
- B
s =13.
10 -
% N =50
40|
30 T3 x=88.2
X =88.
<0 s=11.64
10 N =51
%o
20 T4 x=924
10 s =15.07
% N =48
20 HS Xx=109.2
10 s=14.86
% , N =53
20 theoretical normal
10 s =100
% N=16
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optimal. In this way the effectiveness of the
treatment could 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 en-
tered treatment. This is equivalent to, and
confirms, the previously reported relative de-
cline in intelligence among disadvantaged
children (29, p. 258). Between the ages of 4
and 6 years, group HS children passed
through a period of accelerated development
that greatly increased the distance between
them and all the treatment groups. The re-
sult, at age 77 months, was that group T4 ar-
rived at a point approximately 58 percent of
the distance between group HS and the un-
treated baseline group T1, group T3 arrived
at 45 percent, and group T2 at 24 percent. Be-
tween 77 and 87 months, however, these dif-
ferences appear to have diminished, even
taking into account that group T1 entered
treatment during this period. In order for
these percentages to have been maintained,
the baseline would have had to remain essen-
tially unchanged. With respect to overall
gains from 43 months to 87 months, the data
show that reduction of the 1.5 standard de-
viation gap found at 43 months of age be-
tween group HS and the treated children
required a duration and intensity of treat-
ment at least equal to that of group T2; the
group HS overall growth of 5.00 units of abil-
ity is less than that of all groups except T1.
As noted, group HS was not representative
of the general population, but was a sample of
children intentionally chosen from a subgroup
above average in the society in characteristics
favorable to general cognitive development.
For the population 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 con-
sequence, the degree to which the treatments
were effective in closing the gap between the
disadvantaged children and what could be de-
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scribed as an acceptable level cannot be
judged. It is conceivable that group HS chil-
dren 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 differences
between standard intellectual performance
and that encountered in disadvantaged chil-
dren represent real deficits or whether they re-
flect cultural or ethnic uniquenesses. This is a
particularly relevant issue where disadvan-
taged groups are ethnically and linguistically
distinct from the dominant culture (29, pp.
262-72; 31). The historical evolution of dif-
ferences in intellectual ability found between
groups throughout the world is doubtless
multidimensional, with circumstances unique
to each society or region, in which have en-
tered religious, biological, and other factors in
different epochs, and thus the simple di-
chotomy of culture uniqueness versus depri-
vation 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 our study suggests
that the large differences in cognitive ability
found between the reference group and the
treated groups in 1971 should be considered
as reflecting deficits rather than divergent eth-
nic identities. Spanish was the language spo-
ken 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 children
fromdow-income families by the use of ob-
jects, words, and events typical in their neigh-
borhoods (for example, a horse-drawn cart in
the picture vocabulary test), the difference be-
tween them and group HS was still approxi-
mately 1.50 standard deviations at 43 months

Part II  ExPERIMENTAL DESIGNS

of age. Thus it is possible to conclude that the
treated children’s increases in cognitive ability
are relevant to them in their immediate com-
munity as well as to the ideal represented by
the high-status reference group. This will be
more precisely assessed in future analyses of
the relation of cognitive gains to achievement
in primary school.

Conclusions

The results leave little doubt that environ-
mental deprivation of a degree severe enough
to produce chronic undernutrition mani-
fested primarily by stunting strongly retards
general cognitive development, and that the
retardation is less amenable to modification
with increasing age. The study shows that
combined nutritional, health, and educa-
tional treatments between 3° and 7 years of
age can prevent large losses of potential cog-
nitive ability, with significantly greater effect
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 persist at 8
years of age.

The increases in general cognitive ability
produced by the multiform preschool inter-
ventions are socially significant in that they re-
duce the large intelligence gap between
children from severely deprived environments
and those from favored environments, al-
though the extent to which any given amount
of intervention might be beneficial to wider
societal development is uncertain (32). Ex-
trapolated to the large number of children
throughout the world who spend their first
years in poverty and hunger, however, even the
smallest increment resulting from one 9-
month treatment period could constitute an
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important improvement in the pool of human
capabilities available to a given society.
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Intelligence Scale, Form L-M (Houghton, Mifflin,
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1973), vol. 3, pp. 331-335; S. S. Baratz and J. C.
Baratz, Harv. Edu. Rev. 40, 29 (1970); C. B.
Cazden, Merrill-Palmer Q. 12, 185 (1966); Cur-
riculum in Early Childhood Education (Bernard
van Leer Foundation, The Hague, 1974).

Colombia has now begun to apply this concept
of multiform, integrated attention to its pre-
school age children in a nationwide government
program in both rural and urban areas. This is,
among developing countries, a rarely encoun-
tered confluence of science and political deci-
sion, and the law creating this social action must
be viewed as a very progressive one for Latin
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America. Careful documentation of the results
of the program could give additional evidence of
the social validity of the scientific findings pre-
sented in this article, and could demonstrate the
potential value of such programs in the other re-
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-
sured.

The measure was constructed locally using some
of the items and format found in C. Bereiter and
S. Englemann, Teaching Disadvantaged Children
in the Preschool (Prentice-Hall, Englewood Cliffs,
N. J., 1969), pp. 74~75.

This is a locally modified version of an experi-
mental scale designed by the Growth and Devel-
opment Unit of the Instituto de Nutricién de
Centro América y Panamd, Guatemala.

G. Arthur, A Point Scale of Performance (Psycho-
logical Corp., New York, 1930). Verbal instruc-
tions were developed for the scale and the blocks
were enlarged.

D. Wechsler, WPPSI: Wechsler Preschool and Pri-
mary Scale of Intelligence (Psychological Corp.,
New York, 1963).

At measurement points 3 and 4, this test is a com-
bination of an adapted version of the arithmetic
subscale of the WPPSI and items developed lo-
cally. At measurement point 5, the arithmetic test
included locally constructed items and an adapta-
tion of the subscale of the WISC-R (39).

D. Wechsler, WISC-R: Wechsler Intelligence Scale
for Children-Revised (Psychological Corp., New
York, 1974).

At measurement points 3 and 4 the mazes test
was taken from the WPPSI and at point 5 from
the WISC-R.

4].

42.

43.

44,

45.

46.

ParT Il EXPERIMENTAL DESIGNS

Taken from (39). The information items in some
instances were rewritten because the content
was unfamiliar and the order had to be changed
when pilot work demonstrated item difficulty
levels at variance with the original scale.

At measurement point 4 the test came from the
WPPSI, at point 5 from the WISC-R.

At measurement point 4 this was from WISC:
Wechsler Intelligence Scale for Children (Psycho-
logical Corp., New York, 1949); at point 5 the
format used was that of the WISC-R.

At measurement point 4 this test was an adapta-
tion from the similarities subscale of the WPPSI.
At point 5 it was adapted from the WISC-R.
Modifications had to be made similar to those
described in (38).

B. Inhelder and J. Piaget, The Early Growth of
Logic in the Child (Norton, New York, 1964), pp.
151-165. The development of a standardized for-
mat for application and scoring was done locally.
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