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programmatic treatment then outcome scores for these students are compared with
outcome scores of a control or comparison group. Lewis and McGurk (1972) point out
some of the implicit assumptions when this design is applied to programs for infants and
toddlers: 1) "infant intelligence is a general unitary capacity," 2) "mental development
can be enhanced by enriching the infant's experience in a few specific areas," and 3)
infant scales can "reflect any improvement in competence that results from a specific
enrichment experience." The traditional control group-comparison group design adopts
the viewpoint that frequency and nature of observable cognitive activities increase at a
steady rate as a result of the growth process.

The contrasting viewpoint is that infants and toddlers are going though a period of rapid,
non-linear growth and change along many interwoven lines of development (Horner,
1980). Accordingly, different levels and kinds of cognitive development would be
presented by different individuals during different stages of development, short-term
consistency of individual traits would be low, traits measured during infancy would have
low correlations with later skills, broad programmatic treatment effects will be small, and
a different research and evaluation paradigm is needed.

This digest examines these contrasting assumptions. We start by examining the short
and long term consistency of test scores. We then relate this consistency to the
literature on the cognitive development of infants and toddlers. We then identify gains
associated with some particularly effective programs for infants and toddlers and the
statistical implications of those gains. We end with a set of recommendations for the
design of research and evaluation studies.

SHORT TERM CONSISTENCY

Different types of reliability estimates are used to estimate the contributions of different
sources of measurement error. Inter-rater reliability coefficients provide estimates of
errors due to inconsistencies in judgment between raters. Estimates of internal
consistency (Cronbach's alpha, Kuder Richardson formula 20 and 21) account for error
due to content sampling, usually the largest single component of measurement error
when testing older children and adults. Of primary interest with infants and toddlers is
test-retest reliability which measures the consistency of the trait for groups of
individuals.
Test-retest reliability tends to be quite low when scales are administered to infants. As
the child gets older, test-retest reliabilities tend to improve. Werner and Bayley (1966)
summarized studies examining the test-retest reliability of various infant measures and
noted wide variations in scale scores. One study, for example, found 1 day test-retest
reliabilities on the Buher Baby tests to range from .40 to .96 depending on the age of
the infants. Another study found 2 day test-retest reliabilities on the Linfert-Hierholzer
scales for 1-2- and 3-month-olds to be -.24, .44 and .69 respectively. Horner (1980)
found 4-10 day test-retest reliabilities on the Bayley for 9 month old females, 9 month
old males, 15 month old females and 15 month old males to be .42, .67, .96, and .76
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respectively. Werner and Bayley (1966) found the percentage of agreement across two
administrations of the Bayley to 8-month-olds varied from 41% to 95% with a mean of
76%. With 9- and 16-month-olds, Horner (1980) found slightly higher consistencies on
the same items, with means of 85% for both age groups.

Thus, test-retest reliability is extremely low for infants and increases moderately for
toddlers. The lack of test-retest reliability is consistent with the view of the child going
through non-linear growth. It is inconsistent with the notion that the cognitive activity in
infants increases at a steady rate as a result of growth.

LONG TERM CONSISTENCY

The classic studies of mental growth in normal infants and toddlers show inconsistent
and unpredictable growth rates of these observable skills and traits. Bayley, for
example, reported correlations between -.04 and .09 between scores during the first 3
months of life and scores at 18 to 36 months. Looking at race and gender with a
sizeable sample, Goffeney, Henderson and Butler (1971) later found virtual no
correlation between 8 month and 7 year measures. Escalona and Moriarty (1961) found
virtually no correlation between 20 month and 6 to 9 year scores.
"The findings of these early studies of mental growth of infants has been repeated
sufficiently often so that it is now well established that test scores earned in the first year
or two have relatively little predictive validity" (Bayley, 1970). Comprehensive reviews of
the literature by Stott and Ball (1965), and Thomas (1970) fully support Bayley's view
and draw the same conclusion. There are notable exceptions, however. Many
developmental inventories are excellent screening devices capable of identifying
students with permanent cognitive disabilities.

EARLY CHILDHOOD DEVELOPMENT

Bayley (1958) outlines the skills and behaviors that we can observe during the first
years. In the early months of life, we can only observe variations in sensory-motor
coordination and simple adaptive responses. These adaptive responses develop into
rudimentary forms of interpersonal communication in the form of gestures,
vocalizations, and basic emotional responses. Then we have language gradually
developing. At first, language is tied to the immediate and concrete; later, it becomes
more symbolic. The child begins to abstract and generalize his experience.
Through factor analysis, Bayley (1955) identified three distinct kinds of intellectual
behaviors: sensory motor which is dominant during the first year, persistence which
tends to be dominant during the second and third year, and a general intelligence which
is dominant at age 4 and the only operating factor after age 6. This third, general
intelligence factor of Bayley appears to be the stable intelligence factor discussed by
Binet and Cyril Burt.

The important consideration for research and evaluation is that there is no continuity
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across these three developmental stages. Rather, infants and toddlers develop a
composite of skills that are not necessarily covariant. Scores obtained when a child is in
one stage of development will be uncorrelated to scores obtained when the child is in
different stage.

STATISTICAL IMPLICATIONS

We now turn to a key statistical consideration of the control group-comparison group
model. Are our statistical tools powerful enough to detect differences when they do
exist?
The power of a statistical test refers to the probability that it will lead to the rejection of a
null hypothesis given that there is indeed a difference in the population (Cohen, (1988).
Power depends on three parameters: the significance criterion, the reliability of the
sample results, and the effect size. The significance level is usually set at a=.05 or .01.
The reliability of the sample results is a function of sample size and the reliability of the
chosen measure. The effect size is the degree to which the phenomenon exists and is
typically expressed as the standardized difference between group means. Given sample
size, alpha level, and expected effect size, we can compute the probably of finding a
significant difference in our samples.

Critical in the analysis of power is the expected effect size. How much of an effect can
we expect of quality early intervention programs? Ottenbacher (1992), examined 237
effect sizes from 59 such studies. Applegate (1986) conducted a meta-analysis of 114
effect sizes from thirteen studies. One large Head Start evaluation (ACYF, 1983) coded
71 studies to look at 148 comparisons and 449 effect sizes. Depending on the age and
the variables being considered, the typical effect size for infants and toddlers appears to
be about .25 standard deviations.

With an effect size of .25, an alpha of .05, and a sample size of 100 subjects per group,
the power of a t-test is .35. That is, there is only a 35% chance of finding an existing
significant difference. If we take into account that many of the measures only have a
reliability coefficient of .7, the odds of finding a significant difference drop to 28%.

Thus, the researcher or evaluator is not likely to find significant differences even when
they do exist. Further, in light of the lack of long term consistency, significant differences
are of little practical value.

RECOMMENDATIONS

We fully concur with Lewis and McGurk (1972) who wrote in their classic Science article
that infant development scales "are unsuitable instruments for assessing the effects of
specific intervention programs" (p 1176) and that "the success of specific intervention
programs must be assessed according to specific criteria related to the content of the
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program" (p 1177).
Few early childhood programs seek to improve overall intelligence or to hasten the
general cognitive development of infants and toddlers. Rather most programs seek to
provide interventions for specific identified needs, either for the family or child or both.
The typical early childhood program can be accurately viewed as a collection of
individually tailored programs. Thus, the individual intended outcomes should be
identified and the program's success gauged against whether those outcomes are
worthwhile and whether they were attained.

The measures used to describe the development of program participants should not be
accepted at face value. They are not necessarily reliable or valid for specific programs.
Do the measures assess the relevant outcomes? Were they developed and normed on
a population similar to that being served? If not, then a local item analysis and perhaps
test recalibration is needed.

In lieu of control-comparison group hypothesis testing, we advocate the use of case
studies, the computation of effect sizes, and the examination of growth curves. Case
studies can provide rich data to help policy makers and researchers understand
interventions. Effect sizes help gauge the relative contributions of the intervention.
Growth curves can help identify trends and control for some error.
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