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MCCALL, ROBERT B., and CARKIGEK, MICHAEL S. A Meta-Analysis of Infant Habituation and

Recognition Mem,ory Performance as Predictors of Later IQ. CHILD DEVELOPMENT, 1993, 64,
57—79. A meta-analytic review of the literature on infant habituation and recognition memory
performance as predictors of later IQ suggests several conclusions; (1) Habituation and recogni-
tion memory assessments made on a variety of risk and nonrisk samples in the first year of life
predict later IQ assessed between 1 and 8 years of age with a weighted (for N) average of
normalized correlations of .36 or a raw median correlation of .45. (2) The size of the predictive
correlation is essentially the same for habituation and for recognition memory paradigms. (3)
This prediction phenomenon is not obviously associated solely with one laboratory, one particu-
lar infant response measure, or a few extremely disordered infants. (4) The level of prediction
to childhood IQ is substantial given the reliability of the infant measures. (5) Predictions are
somewhat higher for risk than for nonrisk samples. (6) Predictions are consistently higher than
for standardized infant tests of general development for nonrisk but not for risk samples, and
they are not consistently higher than predicting from parental education and socioeconomic
status or a few other infant behaviors for nonrisk samples. (8) Coefficients may be higher when
the predicting assessments are made between 2 and 8 months of age than earlier or later, but
prediction coefficients are remarkably consistent across the observed outcome age period of 2—8
years.

Prior to approximately 1960, intelli- But the search for early predictors of
gence, at least as reflected in scores vi'ithin later IQ continued (McCall, 1981), and re-
the normal range on standardized IQ tests, cently habituation and recognition memory
w&s considered stable, if not fixed, across the measured during the first year of life have
lifespan (Hunt, 1961). In 1961, Hunt ques- been found to predict later IQ scores (e.g.,
tioned this assumption, suggesting that men- Bomstein & Sigman, 1986). This finding
tality was not fixed, at least not early in life. suggests that while the sensorimotor capaci-
Subsequently, in the 1970s and early 1980s, ties measured by standardized infant tests
several students of mental development em- are not related conceptually or empirically
phasized the lack of stability in early mental to childhood intelligence, the encoding,
test performance for normal samples (e.g., storage, retrieval, discrimination, and recog-
McCall, 1979; McCall, Hogarty, & Hurlburt, nition presumably measured by habituation
1972) as well as for samples including at-risk and recognition memory tests may be re-
and neurologically disordered infants (Kopp lated to the vocabulary, abstract reasoning,
& McCaill, 1982). This led to the conclusion and memory skills assessed on cbildhood in-
that standardized tests of infant develop- telligence tests (e.g., Bomstein, 1985; Bom-
ment did not predict later intelligence at stein & Sigman, 1986; Colombo & Mitch-
useful levels until after 18 to 24 months of ell, 1988,1991; Fagan, 1988; Fagan & Singer,
age for either nonrisk, at-risk, or some obvi- 1983). The previous failure to predict, it
ously disordered groups. This lack of stabil- was assumed, was simply a consequence
ity, it was thought, was partly the result of of measuring the wrong attributes in infancy,
profound qualitative changes in the nature

of intelligence from infancy through child- The Prediction Phenomenon
hood to adulthood (e.g., Kopp & McCall, More specifically, habituation is de-
1982). fined as the decrement of attention or re-
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sponsiveness to a repeatedly presented or
continuously available stimulus (called the
"standard" or "familiar" stimulus) that is not
simply a consequence of sensory receptor fa-
tigue. Gurrently, habituation is often mea-
sured by the number of presentations of the
standard stimulus (presented for as long as
an infant visually fixates it) that are neces-
sary for the infant to look 50% as long as he
or she looked on the first presentation(s) of
that stimulus. However, the percent decre-
ment in attention during familiarization, the
total looking time during the familiarization
period, or the response to a new stimulus
presented after familiarization also have
been used as the predicting measure (see
Table 1). Presumably, rapid habituation re-
fiects the infant's ability to quickly encode a
stimulus into memory, to recognize the fa-
miliar stimulus when it is presented again,
and to cease looking further at it.

Typically, recognition memory is as-
sessed by presenting for 5 to 30 sec a pair of
identical stimuli (i.e., the "familiar" or
"standard" stimulus) for familiarization, fol-
lowed by two very brief test trials (e.g., 5
to 20 sec each) consisting of a simultaneous
presentation of the familiar (i.e., standard)
and a completely novel stimulus with the
left-right positions reversed on the second
trial. The predicting variable typically is the
ratio of looking time to the novel divided by
the total looking time to both familiar plus
novel stimuli during the two test trials. Pre-
sumably, recognition memory reflects the in-
fant's ability to encode a stimulus into mem-
ory, to recognize that stimulus as familiar or
an alternative stimulus as not being familiar,
and to cease looking at the familiar and/or to
look longer at the novel stimulus.

The mental functions required by habit-
uation and recognition memory collectively
have been interpreted to reflect "informa-
tion processing" capacities, such as the
speed, accuracy, and completeness of encod-
ing a stimulus into memory; the ability to
recognize a familiar stimulus; and the pro-
pensity to avoid looking at the familiar and
to study the novel stimulus (Bornstein & Sig-
man, 1986; Golombo & Mitchell, 1988,1991;
Fagan & McGrath, 1981; Lewis & Brooks-
Gunn, 1981; McGall & Garriger, 1991;
O'Gonnor, 1980; O'Gonnor, Gohen, & Par-
melee, 1984; S. Rose, Feldman, & Wallace,
1988; D. Rose, Slater, & Perry, 1986; S. Rose
& Wallace, 1985; Ruddy & Bornstein, 1982;
Sigman, Gohen, Beekwith, & Parmelee,
1986). These skills would seem to be more
obviously related to capacities measured by

childhood standardized tests of intelligence
(Bornstein & Sigman, 1986) than would the
sensorimotor, action-consequence, and imi-
tation skills represented on standardized in-
fant tests (McGall, Eichorn, & Hogarty,
1977).

Regardless of the actual processes in-
volved, individual differences in habituation
and recognition memory do seem to predict
later intelligence test scores better than
those associated with standardized tests of
general developmental level. Bornstein and
Sigman (1986) reviewed the early prediction
literature and found that habituation and
recognition memory assessed between birth
and 7 months of age correlated approxi-
mately .47 (median of raw r's) with child-
hood intelligence (usually IQ) assessed be-
tween 2 and 8 years of age, and the degree
of relation was the same for each paradigm.
In comparison, the average correlation be-
tween scores on standardized infant tests
given between 1 and 6 months of age and
childhood intelligence measured between 5
and 7 years of age for nondisordered samples
is .09, although this correlation is somewhat
higher when predicting from 7 to 12 months
(r = .20) and at every infant age for risk (r
= .54-.57) and disordered (r = .26-.51)
samples (Kopp & McGall, 1982). Presum-
ably, habituation and recognition memory
predict better because those measures re-
fiect abilities that are more similar to those
underlying intelligence test performance
than do standardized infant tests.

Early Criticisms
However, while this newly found pre-

dictability has generated considerable ex-
citement, some scholars have been more
tempered, if not skeptical, in their response
(e.g., McGall, 1981). Their concerns have
taken three separate but related forms: (1)
the underlying nature of habituation and
recognition memory may not be what it ap-
pears, (2) the reliability and generality of the
infant measures are poor, and (3) the ob-
served phenomenon may be artifactual.

The nature of habituation and recogni-
tion memory performance.—Some research-
ers have disputed that habituation or rec-
ognition memory refiect any interesting
"cognitive" process (Lecuyer, 1988, 1989;
Malcuit, Pomerleau, & Lamarre, 1988). Mal-
cuit et al. (1988), for example, argued that
habituation procedures (and, by implication,
recognition memory procedures) are nothing
more than an operant paradigm involving a
synchronous reinforcement schedule. Spe-
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e s

I g
o

CQ

JtS

6
o



o o

r-H 0)

II

T 3 (D

II
y O

II

•o £

(11

S t» c

2

It
S3

0) a

^ Oj

-I -?
.S.S

^ s Z f l . .1 11.1
^13ftS ftgB as
S > t f l > c o a t s « §

T3 ,

II 3 § o S g
5 S
S ft

' XI ft

OJ B j<i

Q Q H W S

o 6
S S

en CO

o o
ZZ

o

£ 3
JO

31
ED n

s a
o o
S S

I

o

.SO

§05

Is

II

iS Q

60



J PH

o o y
o o o
>>>

a J2 2

O t)

•51 TS§.

a
HI 2 '

S g o .
OH O X!

v§ i^-i
l i e

o o o
g S 6 11

o o
s s

O3 O5

g I
in

5 o o
g S S

U5 • * lO
s s

o o

zz

I
o o o o o
Z zz ZZ

I o

O3 q t

-3

I

JS

a"

- 0 0

I §2

61



62 Child Development

cifically, a particular behavior (an ocular
movement or head turn) leads to a particular
consequence (a stimulus enters the visual
field), which reinforces the attending be-
havior. With repeated exposure, the conse-
quence (i.e., the stimulus) loses its reinforc-
ing properties, causing the behavior (i.e.,
looking) to stop. Therefore, habituation re-
flects nothing more than an operant behavior
plus the well-known decline in the reinforc-
ing potency of sensory/perceptual stimu-
lation.

Lecuyer (1989) also suggested that indi-
vidual differences in habituation may not in-
dex information processing. For example, he
observed that infants can distinguish novel
from familiar stimuli prior to having habitu-
ated to the familiar stimulus (Kagan, 1989;
Lecuyer, 1989). Presumably, then, it is not
necessary to habituate to a stimulus to pro-
cess information about that stimulus, so the
important information processing may not
be refiected in habituation measures at all.
Rather, habituation may simply refiect the
ability to allocate attention to the various fa-
miliar and novel aspects of the environment.
Although this ability may have importance
in its own right, this argument potentially
impugns the conceptual link between habit-
uation and childhood measures of intelli-
gence. Generally, researchers in the field
have argued against these extreme concep-
tual criticisms (see Kuhn, 1989).

Reliability and generality problems.—
The short-term test-retest reliability of habit-
uation and recognition memory behavior has
been found to be quite low—approximately
.30 to .45 (e.g., Bornstein, 1989; Bornstein
& Sigman, 1986; Cohen, 1988; Fagan, 1984;
Fagan & McGrath, 1981; Fagan & Singer,
1983; Lecuyer, 1989; McCall, 1989; Slater,
1988), varying with the individual measure
(Colombo, Mitchell, & Horowitz, 1988;
Colombo, Mitchell, O'Brien, & Horowitz,
1987). This level of reliability is no higher
and often lower than the size of the pre-
dictive correlations. In addition, the general-
ity of habituation and recognition memory
performance across different stimuli and
sensory modalities is similarly low (see Ka-
gan, 1989; McCall, 1989). These observa-
tions, which are not disputed, raise ques-
tions about the nature of the endogenous
thread that presumably ties together these
different behaviors across the early years of
life.

Prediction artifact.—Some investiga-
tors have suggested that the relation be-
tween measures of habituation and recogni-

tion memory assessed during infancy and
later childhood IQ scores may be an artifact
of small sample sizes, the inclusion of a
small number of organically damaged or
at-risk infants with extreme values (Kagan,
1989; Lecuyer, 1989), or the presence of a
subgroup of fast habituators who show high
intelligence in childhood due to environ-
mental enrichment (Kagan, 1989).

To demonstrate that this is at least pos-
sible, Gottfried (1988, personal communi-
cation) and Lecuyer (1989) computed the
correlation between sample size and the
predictive correlation between habituation/
recognition memory and later childhood
intelligence as reported in Bornstein and
Sigman (1986). They found a correlation of
-.60. This indicates that studies with a
smaller sample showed higher predictive
correlations, raising at least the possibility
that the relation was produced or increased
by one or two extreme infants who have a
more substantial effect on the correlation in
a small than in a large sample.

Other criticisms.—Other students of in-
fancy have voiced a variety of additional
concerns when discussing this literature.
For example, they worry that (1) the evi-
dence for predictability for certain sub-
groups (e.g., at-risk or disordered infants
assessed with the recognition memory para-
digm) comes from one or two laboratories,
(2) some samples contain infants having a
great variety of syndromes known to be asso-
ciated with retardation, (3) criteria for elimi-
nating subjects from a sample are not always
clear, (4) the variability of recognition mem-
ory scores is too high relative to the mean
and the total exposure duration to permit
much meaningful prediction, (5) the vari-
ability of infant performance is atypically
large in the studies producing some of the
best predictions, and (6) predictions do not
occur for all measures of infant habituation
and the best predicting measure is not con-
sistent from one study to another.

Each of these criticisms is apdy leveled
at some studies, and collectively they have
fueled considerable skepticism about the va-
lidity of the prediction phenomenon. The
question is whether the entire literature can
be explained away by such concerns, and no
one has seriously and publicly attempted to
do so.

The Current Paper
The literature on the prediction of child-

hood IQ from habituation and recognition
memory was reviewed by Bornstein and Sig-
man as recently as 1986, and numerous sub-
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sequent reviews have been published (e.g.,
Bornstein, 1989; Colombo & Mitchell, 1991;
Rose, 1989; Rose & Feldman, 1991). Why
another review?

First, many of the recent reviews are se-
lective, covering only habituation, only rec-
ognition memory, or mainly the work of one
laboratory. A major purpose of the present
paper was to compare habituation and recog-
nition paradigms with respect to the level
of prediction, as did Bornstein and Sigman
(1986), and with respect to certain parame-
ters of prediction (e.g., Â , risk status, age),
some of which have been given potential im-
portance by the recent criticisms described
above.

Second, the current literature is sub-
stantially larger. Early findings generated
more research, and at least 77% more studies
and 63% more samples are now available
tlian when Bornstein and Sigman (1986)
wrote their influential review. In addition to
providing a larger database for review, the
expanded literature now permits a more de-
tailed meta-analysis of several parameters of
ttiis prediction phenomenon. Therefore, al-
ttiough only a few years have elapsed since
Bornstein and Sigman's 1986 paper, this lit-
erature is worthy of being reviewed again.

Specifically, we asked several questions
thiat could not be addressed previously be-
cause of the limited number of studies then
available:

1. Do habituation and recognition mem-
oiy tasks display similar patterns of correla-
tion with childhood intelligence across sev-
eral potential parameters?

2. What is the relation between the sam-
ple size and the predictive correlations for
habituation and recognition memory tasks?
Could this signal an artifactual effect based
upon one or two extreme scores?

3. Is the risk status of the sample associ-
ated with the level of prediction for habitua-
tion and recognition memory?

4. What is the pattern of predictive
correlations for habituation and recognition
memory as a function of the age at assess-
ment in infancy and the age at assessment
in childhood?

Meta-Analytic Review

Sampling
Relevant articles on the predictive va-

lidity of habituation and recognition mem-
ory were generated by a computerized
search of Psychological Abstracts for the

years 1974 to 1989, a review of the bibliogra-
phies contained in this literature, and an ex-
amination of the personal files of the first
author. The search produced a total of 23
studies (see Table 1), a substantial increase
over the 13 studies reviewed by Bornstein
and Sigman (1986).

A study was included in the review if
(1) it was reported in full in a standard em-
pirical report or with sufficient methodologi-
cal detail in a chapter, (2) the sample did not
contain frankly disordered infants having
known syndromes associated with retarda-
tion, (3) it employed habituation, recogni-
tion memory, or both measures assessed
between birth and 12 months, and (4) it mea-
sured childhood intelligence with some
measure of general mental performance
(usually IQ but sometimes vocabulary or
memory) at least 1 year after the infant mea-
sure was taken (i.e., between 1 and 8 years
of age).

These criteria meant that certain studies
that appear relevant were not included in
this analysis. For example, some unpub-
lished studies and most data reported in
book chapters were typically not included
because they often lacked parametric details
needed for the meta-analyses. Also, some
studies of habituation or recognition mem-
ory used unique infant assessments or child-
hood mental behaviors (e.g., play) but not
general IQ or a major component of it (e.g.,
vocabulary or memory subtests) as the out-
come measure. These studies were not in-
cluded because sufficient variability and
numbers of studies employing these inde-
pendent and dependent variables were not
available on which to conduct meta-analyses
and because they might introduce irrelevant
variance if these procedural differences in-
fluenced the predictive correlations. Some-
times more than one predicting variable was:
available, and we tended to favor the most
common variable first or, subsequently, that
which produced the highest or most con-
sistent predictive r. These several choices
meant that our set of samples and r's were
not always the same as those used by Born-
stein and Sigman (1986). The potential bias
that this could introduce did not seem to
matter (see below).

Seven of the 23 studies that were in-
cluded employed multiple (2 or 3) samples
(e.g., preterm and full-term, younger and
older infants), and these independent sam-
ples, not the studies, constituted the unit of
analysis here. Although it might be argued
that multiple samples within a study are not
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independent, we adopted the strategy of us-
ing sample as the unit of analysis, because it
would increase the size of the meta-analytic
sample and because Bornstein and Sigman
(1986) also used sample, not study, as the
unit of analysis. It must be acknowledged,
however, that most meta-analytic strategies
require independent samples, which as-
sumption is violated to an unknown extent
when more than one sample comes from the
same study. We examined this possibility
informally, feeling that the number of in-
stances of multiple samples was too few for
more formal statistical treatment.

Thirty-one samples from 23 studies
were analyzed, 12 samples from 10 habitua-
tion studies and 19 samples from 13 recog-
nition memory studies. This is a substan-
tial increase over the previous review (Born-
stein & Sigman, 1986) of 19 samples, 8 ha-
bituation and 11 recognition memory.

Variables
Once the samples were selected, sev-

eral potential parameters of the subjects,
procedures, outcome measures, and results
were identified (see Table 1).

Independent variables.—For each sam-
ple we recorded paradigm (habituation or
recognition memory), birth status of the in-
fants (i.e., the sample included some pre-
term infants or it included only full-term in-
fants), socioeconomic status of the families
(i.e., the sample included some low-SES
families or the sample included only mid-
dle- to upper-SES families), health status of
the infants (i.e., the sample included neuro-
logically disordered infants or the sample in-
cluded only neurologically healthy infants),
the nature of the infant and childhood mea-
sures, sample size, age of infants at the ini-
tial assessment, and age of children at the
outcome assessment.

Dependent variable.—The dependent
variable for the meta-analyses is the correla-
tion coefficient (typically the z-transformed
correlation coefficient, see below) between
infant and outcome measures. We used one
correlation from each sample. Data from a
single sample were sometimes reported in
more than one paper, in which case only one
r from each sample was used, and, as a re-
sult, some reports are not cited. Unfortu-
nately, the lack of details in reports about
previous publications on the same sample or
changes in a sample over time sometimes
made these decisions uncertain.

In those cases in which more than one
correlation was available, the correlation be-

tween the youngest infant age and the oldest
childhood age was selected. This was done
because it was possibly (see immediately
below) the most conservative approach and
because some interest focuses on the ability
of the infant measures to predict "mature in-
telligence."

Ordinarily, as stated above, this ap-
proach would seem to bias the results to-
ward lower predictions, because the longer
the intertest interval the lower the correla-
tion for standardized tests (Kopp & McCall,
1982; McCall, 1989). But this decreasing
trend may not occur when predictions are
made with habituation or recognition mem-
ory. For example, as indicated above, the
test-retest reliabilities and short-term stabili-
ties of these infant measures are often lower
than their prediction coefficients, and pre-
dictions from these infant measures to intel-
ligence tests given in the first 8 years of life
may not show the typical decline in r with
increasing childhood age (see below). So it
is an empirical question whether this ap-
proach actually biases the size of the predic-
tion and by how much.

Statistical considerations.—Because
the sample correlation is a biased estimator
of the population correlation, all sample cor-
relations were subjected to an r-to-z transfor-
mation (normalizing). The z-transformed co-
efficients were then weighted by the size of
the sample minus 3, and this quantity was
then divided by the sum of all sample sizes
minus 3 for the set of samples included in
the analysis (e.g., for the entire set of sam-
ples, for habituation samples only, and for
recognition memory samples only). This has
the effect of normalizing the sample correla-
tions and rendering them unbiased estima-
tors of the population correlation. This is the
most common method of estimating the pop-
ulation correlation using independent sam-
ples (Hedges & Olkin, 1985).

This weighted normalized correlation
coefficient, then, was the main dependent
variable analyzed below. However, for
comparison purposes, we also report in
parentheses following the weighted nor-
malized values the nonnormalized (i.e., un-
transformed) value corresponding to the
weighted normalized average r. Note that
this is merely transforming the weighted
normalized average to a nonnormalized
value (Zr to r transformation); it is not the
mean unweighted nonnormalized value. We
also report distributions and scatterplots of
raw (i.e., untransformed, unweighted) pre-
diction correlations as well as the median
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raw r of these distributions. Such plots help
to depict graphically certain results, they
demonstrate that the transformation and
weighting procedures did not distort or pro-
duce the findings (except the central ten-
dency of the predictions), and they provide
a look at certain parameters that could not
be analyzed statistically because of a limited
number of cases.

The average transformed, weighted r
and the median raw r each have certain ad-
vantages and limitations. The average trans-
formed, weighted r is an unbiased estimator
of the population average, and the weighting
process roughly eliminates sample size as a
potential contributor to estimates of central
tendency. The median treats each sample
as a unit and weights each sample equally,
but it minimizes the influence of extreme
results. While the weighted average r is a
good estimate of the population, the me-
dian raw r is a good estimate of the typical
reported r.

Using a single r per sample was an at-
tempt to satisfy the statistical requirement
that independent r's be used in a meta-
analysis. However, dependencies could ex-
ist among r's derived from different samples
but from the same laboratory, sometimes re-
ported in the same article. While it is possi-
ble to deal with such potential dependen-
cies in a statistical manner, the number of
such samples was small. So we observed
these possibilities more informally by exam-
ining scatterplots (see below).

Analytic strategy.—Meta-analyses were
conducted in two steps. First, the weighted
normalized correlation coefficients were an-
alyzed to determine their difference from
zero and their homogeneity within a set
of samples. Second, the weighted normal-
ized coefficients were entered into separate
correlational and difference-between-means
analyses to determine if they varied as a
function of subject and/or procedural vari-
ables. However, the unweighted normal-
ized correlation coefficients were entered
into correlational analyses with sample size
(which otherwise is used to determine the
weights). Then graphic displays of raw r's
are presented to illustrate and extend the
statistical results.

The Size and Significance of the Prediction
of Later IQ from Infant Habituation and
Recognition Memory

The first task was to test the size and
significance of the relation between habitua-
tion and recognition memory assessed dur-
ing infancy and childhood IQ. This was

done for all samples regardless of paradigm
and then separately for habituation and rec-
ognition memory samples. Further, tests of
homogeneity were conducted to determine
if the set of correlations could be viewed as
being sampled from a single population or
whether the correlations might derive from
two or more populations, suggesting the in-
fluence of sampling or procedural parame-
ters that varied within the set of samples
(Hedges & Olkin, 1985).

All samples.—The average weighted
normalized correlation coefficient over all
samples was .39 (comparable to a weighted
but nonnormalized r = .36), which was sig-
nificantly different from zero (z = 13.82, p
< .001).

Across all samples, the hypothesis of ho-
mogeneity of the weighted normalized cor-
relation coefficients was rejected, ^(30) =
47.99, p < .001. Therefore, one might infer
that one or more sampling or procedure pa-
rameters that varied among samples in the
total set influenced the size of the predictive
relation.

Habituation versus recognition m.em-
ory.—The first potential parameter that
might influence the predictive relation was
type of infant assessment paradigm (i.e., ha-
bituation vs. recognition memory).

The separate average coefficients for the
habituation and the recognition memory
samples were each significantly different
from zero. The average weighted normal-
ized correlation coefficient for habituation
was 0.41 (r = 0.39; z = 8.40, p < .001), and
the average for recognition memory was 0.37
(r = 0.35; z = 10.60, p < .001). The
weighted normalized correlation coefficient
for the habituation samples was not signifi-
cantly greater than the comparable coeffi-
cient for recognition memory samples.
These and subsequent results are summa-
rized in Table 2.

Although the weighted normalized cor-
relation coefficients were not different for
habituation and recognition memory para-
digms, the significant heterogeneity result
suggests that other parameters of the sana-
ples and procedures may influence the size
of the predictions, perhaps interacting with
paradigm. To evaluate this possibility in
general, tests of homogeneity were con-
ducted separately on the habituation and
recognition memory samples. The coeffi-
cients for the habituation samples were ho-
mogeneous within sampling error, Q(ll) =
6.77, p < .10, but the coefficients for the rec-
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TABLE 2

MEAN WEIGHTED, NORMALIZED CORRELATION COFFICIENTS

Recognition
Variable Full Sample Habituation Memory

Paradigm:
Habituation 41 (r = .39)'
Recognition memory 37 (r = .35)

Preterm infants:
Included 47 (r = .43)* .35 (r = .33)'' .58 (r = .52)***
Not Included 35 (r = .34) .48 (r = .45) .30 (r = .29)

Low socioeconomic status:
Included 48 (r = .45)*** .35 (r = .33)'' .58 (r = .52)***
Not included 27 (r = .26) .54 (r = .49) .24 (r = .24)

Disordered infants:
Included 45 (r = .42)* .30 (r = .29)'' .58 (r = .52)***
Not included 31 (r = .30) .61 (r = ,55) .28 (r = .28)

' Values in parentheses represent the nonnormalized correlation corresponding to the
weighted normalized r.

'' Groups differ by sample size, and therefore differences in weighted, normalized correla-
tion coefficients may be confounded by sample size. Groups did not differ by unweighted
normalized correlation coefficients.

* p < .05.
**p< .01.
*** p < .001.

ognition memory samples were not homoge-
neous, g(18) = 40.68, p < .01.

The above test is not equivalent to a test
of the difference in homogeneity between
paradigms, and the closeness to significance
of the habituation test guards against the
conclusion that the paradigms are different
in this way. So, we related the weighted nor-
malized correlation coefficients to various
potential parameters separately for both the
habituation and recognition memory sam-
ples.

Raw data.—The use of transformed and
weighted correlations is appropriate for the
statistical meta-analysis, but some would ar-
gue that such procedures may distort results.
Gonsequently, we present simple distribu-
tions and scatterplots of untransformed, un-
weighted r's as a complement to the formal
meta-analyses. Specifically, Figure 1 pre-
sents the distribution of r's separately for the
habituation and recognition memory para-
digms taken from Table 1 in which the r's
are represented by a Lab Code Letter cor-
responding to each laboratory (also given
in Table 1). These distributions illustrate
and amplify the statistical results reported
above.

First, the median raw r is exactly .45
for each paradigm and for the combined sam-
ple. This value is higher than the average
weighted transformed r of .39 (or its nonnor-

malized equivalent of .36) in part because
of sample size. As reported below, r's were
higher for small samples. The weighting
process essentially combines subjects across
samples, ignoring individual sample sizes,
whereas the median allows sample size to
operate. The former value (.36) is a better
population estimate, but the latter (.45) is
more typical of values reported in the liter-
ature.

Second, the variability is only slightly
greater for recognition memory than for ha-
bituation paradigms. This corresponds to the
statistical results for homogeneity reported
above.

Third, while in Figure 1 there appears
to be greater similarity among r's within
than between laboratories, and some labora-
tories tend to report higher r's than others,
the general prediction phenomenon is not
obviously and exclusively tied to one or
even two laboratories.

While the predictive response measure
for recognition memory paradigms is usually
percent of looking time to the novel relative
to the sum of looking to novel plus familiar
stimuli (see footnotes to Table 1 for excep-
tions), a much greater variety of response
measures has been used in habituation para-
digms. These measures fall roughly into
three types: Habituation (H)—response
decrement over familiarization trials, Fixa-



McCall and Carriger 67

Hahituation Paradigms

p
p
.30

L
L
MS B
.40

Predictive

B
LB

.50

r

s
p

.60.10 .20 .70

Recognition Memory Paradigms

D O

R
F F
C R

R
R O

C RR
.10 .20 .30 M .50 .60 .70

Predictive r

FIG. 1.—The distribution of raw predictive r's for habituation and recognition memory paradigms
designated by the Lab Codes given in Table 1.

tion (F)—the average or total looking at the
standard stimulus during the familiarization
phase, and Recovery (R)—tbe amount of re-
sponse recovery to tbe novel stimulus rela-
tive to the last familiar stimulus.

Figure 2 presents the same distribution
of untransformed r's for habituation para-
digms as in Figure 1, but this time each r is
represented by the type of infant predictive

response measure (i.e., H, F, R). While tbe
number of r's is too small for formal statisti-
cal treatment, a few trends for future system-
atic study are apparent.

First, the prediction from babituation
paradigms does not rest solely on any one of
the three infant response measures. All tbree
types of predictors can be found around the
median r of .45, and no type of predictor
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FIG. 2.—The distribution of raw predictive r's for habituation paradigms designated by the type
of predictor response: H = habituation or response decrement during familiarization, F = average or
total fixation time during familiarization, and R = recovery of response to the presentation of a new
stimulus following familiarization.
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measure always falls above or below tbe me-
dian. Second, and notwithstanding the first
point, there is a slight tendency for the low-
est predictive r's to be based on average or
total fixation times during familiarization (F)
and the highest predictive r's to be based on
the recovery of response to a novel stimulus
presented immediately after the familiariza-
tion phase. However, in addition to the
small size of this trend, it should be ob-
served that the two lowest r's for Fixation
both derived from the same laboratory, and
two of the three highest r's for Recovery
come from the same (but another) laboratory.
More tantalizing, though, is the observation
that the same laboratory that reported the
two lowest values for Fixation reported one
of the highest values (r = .60) for Recovery.
It should be noted, however, that sometimes
studies assessed several predictor measures,
only one of which is presented in the current
review. Much more systematic study of the
possible differential predictability of various
response measures, especially from previ-
ously reported data, might help to focus in-
terpretation on a particular mental process
that mediates this predictive relationship
(see McCall & Carriger, 1991).

Sampling and Procedural Parameters
The weighted normalized correlation

coefficients were entered into a series of cor-
relational analyses and z tests for the differ-
ence between average normalized correla-
tion coefficients to determine their potential
association with the inclusion of preterm in-
fants, the inclusion of low socioeconomic
status infants, the inclusion of disordered in-
fants, sample size, and age of subject at in-
fant and at outcome assessment.

Risk samples.—Tbree series of z tests
for the difference between weighted nor-
malized correlation coefficients for the vari-
ous sampling groups (i.e., risk factors of tbe
presence of preterm, low SES, or disordered
infants) were conducted, one for the entire
set of samples and separately for samples
employing a habituation and a recognition
memory assessment (see Table 2 for details).

For all samples, tbe weigbted normal-
ized correlation coefficients were signifi-
cantly greater for samples that included
preterm infants, low socioeconomic status
families, and neurologically damaged in-
fants.

For the habituation samples, the
Weighted normalized correlation coeffi-
cients were not significantly related to any

subject variable, but r's tended to be lower
in atypical samples.

For the recognition memory samples,
however, the weighted normalized correla-
tion coefficients were significantly greater
for samples including preterm infants, low
SES families, and neurologically damaged
infants.

Therefore, it appears that atypical sam-
ples produce higher predictions to later IQ,
especially for recognition memory para-
digms (but see next section).

Figure 3 presents tbese data graphi-
cally, but for untransformed, unweighted r's
and for a single risk dimension. Specifically,
the three indices of risk in Tables 1 and 2—
the presence of preterm, low SES, or disor-
dered infants—were not independent, be-
cause seven out of 13 samples that had one
risk factor had all three. So samples were
divided simply into No-Risk and Risk, the
latter being any sample tbat bad at least one
of the three risk-factor groups included. Sec-
ond, as one might expect, some laboratories
concentrated on risk samples, and because
only 13 risk samples are available from only
five laboratories, confounds between labora-
tory and risk samples are likely at this early
stage of the literature. So, distributions of
predictive correlations represented by Lab
Code Letters are graphed in Figure 3 sepa-
rately for Risk and No-Risk samples within
habituation (top) and recognition memory
(bottom) paradigms.

For habituation paradigms, the four
available r's for risk samples span tbe entire
range but include the two lowest r's, both of
which derive from the same laboratory (P =
Parmelee), but one which also contributed
the highest Risk r. For recognition memory
paradigms, the nine risk samples also span
the range of predictive r's, but they predomi-
nate at the high end, again largely due to
one laboratory (R = Rose). Therefore, there
is a slight tendency for risk samples to pro-
duce higher predictive r's, at least within
recognition memory paradigms (but see next
section).

Sample size.—Three series of correla-
tional analyses were conducted, one each for
the entire set of samples, the habituation
samples, and the recognition memory sam-
ples. Sample size was the independent vari-
able, and the unweighted but normalized
predictive correlation coefficient was the de-
pendent variable. The Mnweighted values
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FIG. 3.—The distribution of raw predictive r's for habituation and recognition memory paradigms
as a function of Risk vs. Non-Risk samples designated by the Lab Codes given in Table 1.

were used only in the analyses on sample
size, because r's should not be weigbted
with the variable they are being correlated
with (i.e., sample size).

For all samples, tbe unweighted nor-
malized predictive correlation coefficients
were significantly inversely related to the
sizes of the samples (r = —.56, p < .001), a
result similar to the — .60 observed by Gott-
fried (1988, personal communication) and
Lecuyer (1989) for tbe samples reviewed by
Bornstein and Sigman (1986). Samples em-
ploying smaller numbers of subjects tended
to show larger predictive relations.

This significant inverse relation be-
tween sample size and predictive coefficient
was also present for both the habit-
uation and recognition memory samples.
Specifically, r equaled — .79, p < .01, for the
habituation samples, and r was —.46, p <
.05, for the recognition memory samples.

Figure 4 presents a slightly different
view of this issue using the untransformed,
unweighted r's. Samples were divided as
above into Risk (R) and Non-Risk (O), and
then the predictive r was plotted as a func-
tion of N ignoring paradigm (since tbe re-
lation occurred statistically in both para-
digms).

Several points may be observed. First,
two samples are clearly extreme, both recog-
nition memory samples. O'Connor's (1980)
risk sample otN = 12, r = .06 is very much
off trend (i.e., an "outlier"; Belsley, Kuh, &
Welsch, 1980), although the same study pro-
duced an on-trend N = 17, r = .61 (i.e., an
"infiuential observation"). Fulker et al.'s
(1988) nonrisk recognition memory sample
of N = 143, r = .01 is extreme in botb N and
r, but it is basically an on-trend influential
observation.

Second, the weak general trend for Risk
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FIG. 4.—The scatterplot of predictive r as a function of N for Risk (R) and Non-Risk (O) samples
ignoring paradigm.

samples (R) to have higher predictive r's
than Non-Risk samples (O) is more clearly
present when viewed conditional upon sam-
ple size. That is, collapsed across IV onto the
ordinate of Figure 4 (see also Fig. 3), only a
slight tendency can be seen for risk samples
to have higher r's as reported above from the
statistical analyses. But when viewed within
samples of particular sizes (i.e., conditional
distributions), the risk sample r's are clearly
above the regression line of r on A', and this
is true for both paradigms (separate scat-
terplots were examined but not presented
here). Therefore, the trend toward higher
predictive r's for risk samples of com.parable
sizes is general across paradigms, a theme
consistent with the literature predicting la-
ter IQ from standardized infant tests (Kopp
& McCall, 1982).

Third, even excluding the extreme val-
ues, a trend toward higher r's for smaller
samples exists for Risk (/?) and Non-Risk (O)
samples and for both paradigms (not sepa-
rately shown graphically).

A major issue, however, is whether the
inverse relation between IV and r reflects a
few extreme points within individual sam-
ples that produce the high predictive cor-
relations, especially within small samples

(e.g., Kagan, 1989). While it is impossible to
determine the answer to this without exam-
ining scatterplots for individual samples, a
case can be made that this potential artifact
is unlikely to explain away the entire pre-
dictive phenomenon. If this hypothesis were
true, one would expect risk samples to be
more likely to contain extreme scores and
therefore have higher r's and, crucially, a
larger inverse r-to-N relation. While the pre-
dictive correlations are higher for risk sam-
ples, the uniformity of this relation across all
levels of IV suggests it is not produced solely
by extreme scores, which should have less
influence in larger samples. Furthermore,
the r-to-N relation exists equally in risk and
nonrisk samples. More specifically, this rela-
tion occurred for samples having no preterm
(r = - .79, p < .001), low SES (r = - . 6 1 , p
< .01), no low SES (r = - .64, p < .001),
disordered (r = — .59, p < .01), and no disor-
dered (r = - .62, p < .001) infants. The rela-
tion was weakest for samples having preterm
infants (r = — .28), opposite to what one
would expect if developmentally persistent
disordered subjects were producing these
predictions.

In short, while higher predictive r's are
obtained for smaller samples, this does not



appear to be simply produced by a few ex-
treme scores, presumably from disordered
infants (but no scatterplots for individual
samples are presented in the literature).

Age of assessment in infancy and child-
hood.—For all samples, the weighted nor-
malized correlation coefficients were not
found to be correlated significantly with ei-
ther the age of the infants at the initial as-
sessment or the age of the children at the
outcome assessment. This also was true
within both the habituation and recognition
memory sets. However, infants responding
to habituation tasks were younger (average
of 3.83 months of age) than infants re-
sponding to recognition memory tasks (6.10
months of age), F(l, 29) = 7.17, p = .01.

While the meta-analyses did not reveal
an effect of age at infant testing, this analysis
is limited in two ways. First, in only three
samples was the recognition memory assess-
ment given at ages older than 7 months (i.e.,
at 8 and 9 months), and in only one sample
was the habituation assessment adminis-
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tered at an age older than 6 months (i.e., at
12 months). Similarly, infants in only two
samples in either paradigm were assessed
before 2 months of age. Therefore, there is
little power in our analyses to detect trends
that might occur before 2 months or after 8
months. Furthermore, such analyses could
not reveal any combined effect of age at in-
fant and age at childhood assessments.

To look at the age data more closely, at
least for heuristic purposes. Figure 5 pre-
sents the predictive correlations (ignoring
paradigm and risk status) as a function of the
age of infant and childhood assessments,
with the marginal median correlations given
within parentheses along each axis.

Notice first the marginal medians along
the ordinate. They indicate a remarkably
consistent level of prediction between r =
.40 and .56 as a function of the age of the
childhood assessment between 1 and 8
years. The apparently lower value of .29 at
8 years is fragile because of the great vari-
ability at that age (e.g., .25, .29, and .61) and
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FIG. 5.—The predictive correlations as a function of the age of infant and childhood assessments.
Marginal median r's are given in parentheses along each axis.
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because the .48 at 7 years, 6 months was ar-
bitrarily included in the calculation of the
7-year rather than the 8-year median. The
level prediction pattern between 1 and (at
least) 8 years is remarkable, because most
longitudinal data display declining predic-
tion coefficients with increases in outcome
age and intertest interval. It also means that
selecting correlations that span the longest
intertest intervals did not bias the results to-
ward lower values.

Now turn to the marginal values in
parentheses along the abscissa. While the
number of samples is small at crucial points,
a trend is suggested, namely, that prediction
is best from infant assessments made be-
tween approximately 2 and 8 months and
poorer from assessments made earlier or
later than this period. While the data are
very fragmentary, it would not be surprising
to find low predictions from the first month
of life, since low correlations are typical
from such ages in other domains, reliability
of measurement is likely poorer, state plays
a greater interfering role, etc. But the four
relatively lower predictions from 8 months
and older are more notable. They represent
three different paradigms and measures (r =
.01 and .32 for recognition memory, Ful-
ker et al., 1988; r = .23 for the anticipation
of left-right stimulus position, DiLalla &
Fulker, 1989; r = .39 for response decre-
ment in habituation, Lewis, Goldberg, &
Campbell, 1969). They also constitute a pre-
diction pattern that is opposite to the usual
increase in correlations with increasing age
at infant testing and shorter intertest inter-
vals (note that the intertest intervals for
these r's are 2—3 years, whereas most r's for
longer intertest intervals are actually
higher).

Conclusions and Analysis

The meta-analysis, coupled with other
elements of the literature, lead to several
conclusions about the prediction phenome-
non, its parameters, and the processes that
mediate the relation.

The Prediction Phenomenon
1. Habituation and recognition memory

assessments made on a variety of risk and
nonrisk samples of infants in the first year
of life predict later IQ assessed between 1
and 8 years of age with a weighted (for N)
average of normalized correlations of .36 or
a raw median correlation of .45. The litera-
ture now includes at least 31 samples repre-
senting a substantial diversity of ages, stim-

uli, subject characteristics, laboratories, and
specific procedures, making it unlikely that
the entire set of predictions is simply a col-
lection of chance phenomena or produced
by a few procedural artifacts. While method-
ological issues may plague individual stud-
ies (e.g., McCall, 1981), it is becoming in-
creasingly unlikely that extraneous factors
can explain away the entire literature.

2. The size of the predictive correlation
is essentially the same for habituation and
for recognition memory paradigms. The av-
erage of the weighted normalized r's was .39
for habituation and .35 for recognition mem-
ory studies, and the median raw correlation
was .45 for both paradigms. While compara-
ble prediction coefficients do not necessarily
mean the same mechanism operates in each
paradigm, this is the simplest and most par-
simonious hypothesis. The median raw r's
are nearly identical to those reported in 1986
by Bornstein and Sigman.

3. This prediction phenomenon is not
obviously associated solely with one labora-
tory or one particular infant response mea-
sure. While predictive r's irom single labora-
tories are often higher or lower than average,
this is not consistently the case even within
a laboratory, and the data from one labora-
tory are not solely responsible for the entire
prediction phenomenon. Similarly, while
predictions are slightly higher for some in-
fant measures than others (especially within
the habituation paradigm in which a greater
variety of measures has been used), no one
measure is solely responsible for the general
prediction. At the same time, some measures
may predict better than others, and more
comparisons of different predicting mea-
sures within studies are needed.

4. It seems unlikely that such predic-
tions are simple products of extreme scores,
presumably those of a few extremely disor-
dered infants who remain low scoring or re-
tarded in childhood. Some scholars had
raised this as a potential explanation, partly
because a correlation of — .60 was found in
Bornstein and Sigman's (1986) review be-
tween sample size and the size of the pre-
dictive correlation (Gottfried, 1988, personal
communication; Lecuyer, 1989). Further,
Kagan (1989) and Lecuyer (1989) speculated
that it was possible that a few organically
damaged or at-risk infants alone might pro-
duce these correlations, and one might ex-
pect this to be especially true in small sam-
ples in which one or two individuals would
have a more substantial effect.



In the present meta-analysis, this in-
verse relation between sample size and the
Iev êl of prediction was - .56 for all samples,
- .79 for habituation samples, and - .46
for recognition memory samples. However,
contrary to what might have been expected
by the extreme-score hypothesis, the nega-
tive relation between sample size and pre-
dictive r was remarkably similar in subsam-
ples containing or not containing at-risk
infants. Of course, the only real way to eval-
uate the extreme-score hypothesis is for in-
dividual studies to publish scatterplots for
their predictive correlations, which has not
been done in the past.

It is crucial to point out, however, that
it is still possible, perhaps likely, that
low-scoring infants, especially those from
relatively unstimulating and unsupportive
home environments, carry a disproportion-
ate amount of the prediction load. That is,
the scatterplot may not reflect a uniformly
linear relation or homogeneous oval; the
predictive slope may be produced dispro-
portionately by cases in the lower left quad-
rant. For example, standardized infant tests
predict somewhat better for low-scoring
than for high-scoring infants (McCall, 1979).
Furthermore, infants with prenatal problems
and depressed performance on standardized
infant tests are more likely to remain low
scoring on tests of mental performance dur-
ing early childhood if they are reared in im-
poverished or other environments that are
less likely to support mental development
(Sameroff & Chandler, 1975). It is interest-
ing to note in this regard that the hered-
ity X environment reaction surface for IQ
(Turkheimer & Gottesman, 1991) shows that
extremely poor environments interrupt the
otherwise consistent and fairly high genetic
correlations with childhood IQ. Finally, al-
though not always reported or systematically
examined in this meta-analysis, the correla-
tion between general measures of socioeco-
nomic status is typically higher with child-
hood IQ (e.g., .50, McCall, 1979) than with
the infant measures (e.g., r is approximately
.40; Cohen & Parmelee, 1983; Fagan, 1984;
Gottfried, Guerin, & Bathurst, 1989; O'Con-
nor, Cohen, & Parmelee, 1984; Rose, Feld-
man, Wallace, & McCarton, 1989).

^̂  These observations collectively support
a "Sameroff-Chandler lower-left quadrant
prediction phenomenon." That is, while
poorly scoring infants may be more likely
to come from low SES homes, others score
poorly because of temporary medical prob-
lems and, with extensive medical care and a
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rich environment, recover to have average
or above IQs as children (top left quadrant
of the prediction scatterplot). But those poor
scoring infants reared in very mentally un-
stimulating circumstances may not recover,
and it is their presence in the lower-left
(juadrant that produces much of the predic-
tion correlation (but see Fagan & Knevel,
1989). They are not fiukes, because there are
more than one or two (especially in risk sam-
ples which do produce higher correlations)
and because they could be meaningfully
identified and explained.

Unfortunately, such a possibility has
rarely been examined directly in research
using either paradigm. When SES variables
have been examined, they typically are com-
bined with the infant assessment in a multi-
ple regression, a statistical procedure that
would not be as sensitive as other analyses
to nonlinear relations and the specific com-
binations of circumstances hypothesized
above to mediate this relation. Old data
could be reexamined to test this hypothesis.

The fact remains, however, that a rela-
tion does exist between small samples and
large predictive correlations in the total sam-
ple set (r = —.56), in recognition memory
samples (r = - .46), and in habituation sam-
ples (r = -.79). What explains this consis-
tent relation? The answer is not clear, but
one possibility may lie in the interplay be-
tween statistical significance, IV, and pub-
lishing practices. Specifically, correlations,
like most other statistics, are more variable
for smaller samples. Therefore, extremely
high as well as extremely low correlations
are more likely to be found in small than
in large samples, but only extremely high
correlations will be significant and therefore
likely to get published. In contrast, smaller
correlations are more likely to be significant
in large samples and will be published. The
total result is a negative relation between
sample size and prediction level in the pub-
lished literature. If this publishing bias has
any explanatory power, it should apply to
other behavioral domains as well, and its va-
lidity assumes that small data sets with non-
significant r's repose unpublished in the
files of researchers.

5. The level of predictions to childhood
IQ is substantial given the reliability of the
infant measures. The short-term test-retest
reliability of habituation and recognition
memory scores has been found to be quite
low (Bornstein, 1989; Bornstein & Sigman
1986; Cohen, 1988; Fagan, 1984; Fagan &
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McGrath, 1981; Fagan & Singer, 1983; Lecu-
yer, 1989; McCall, 1989; Slater, 1988). Reli-
abilities typically are between .30 and .45,
varying with the test-retest interval and with
the particular measure (Colombo et al., 1987,
1988). Note that the reliabilities are approxi-
mately the same or lower than the predictive
correlations. It is technically possible to
have a predictive correlation that is higher
than the reliability of the predictor if the re-
liability of the outcome variable is very high,
because the maximum predictive r is the
square root of the product of the two reliabil-
ities (Ghiselli, 1964). The year-to-year reli-
ability of the childhood IQ test is approxi-
mately .85 (McCall, 1989), sufficiently high
to allow predictions to be higher than the
much lower reliability of the infant assess-
ment.

Many explanations for the poor reliabil-
ity of the infant measures have been offered.
Younger infants, for example, may process a
different aspect of the stimuli presented in
these tasks than they do when older (Cohen,
1988). Therefore, reliability measured across
age may be low because the habituation (or
recognition memory) procedures are actu-
ally measuring the processing of different el-
ements of a single physical stimulus at the
two ages. One may find higher test-retest re-
liabilities across two ages in infancy using
different stimuli than across the same two
ages using the same stimuli (Cohen, 1988),
if the two different stimuli are similarly
matched to the infants' abilities at each age.

Alternatively, poor short-term reliability
may be due to the structure of the habitua-
tion and recognition memory assessments
(McCall, 1989). In general, relatively few ha-
bituation or recognition memory tasks are
given to the subjects in a session (Bornstein
& Sigman, 1986; McCall, 1989). Therefore,
only a brief sampling is taken of the infant's
behavior, which is likely to be unreliable. A
single memory task may be analogous to a
single item on a paper and pencil test, and
the reliability of .30-.45 for these infant
measures is roughly similar to the correla-
tion between single items on paper and pen-
cil psychometric tests for older children and
adults. Therefore, the reliability of the habit-
uation and recognition memory scores may
be adequate, but the number of "items" usu-
ally assessed is psychometrically insufficient
(for a general discussion of this issue, see
Rushton, Brainerd, & Pressley, 1983).

This explanation receives only partial
empirical support. For example. Rose, Feld-

man, and Wallace (1988) found a median in-
teritem correlation (i.e., "alternative forms"
reliability) for 12 recognition memory tasks
given at 6, 7, and 8 months of age to be — .10,
with the range of average intertask corre-
lations to be —.16 to .13. The mean test-re-
test correlation for single tasks across the
1-month interval was .18, with a range of
— .16 to .47. However, combining the 12
tasks into summary scores at each age in-
creased the age-to-age reliability to .30 to
.49. Colombo et al. (1988) also raised the re-
liability of novelty preference scores to .50
from .24 by combining tasks. However,
while reliability is increased by adding more
tasks, even having 12 tasks, which is more
than in most studies, does not produce a very
reliable measure.

The lack of reliability, as well as the low
generality of habituation and recognition
memory measures across tasks using differ-
ent stimuli (Kagan, 1989) or different stimu-
lus modalities (McCall, 1989), suggests that
whatever is being measured by these assess-
ments may not be a single process and/or
may not be solely or even largely an endoge-
nous process. Instead, it may be influenced
substantially by particular stimuli and other
exogenous aspects of the total assessment
situation.

Nevertheless, long-term predictions are
obtained, and their level is substantial, espe-
cially when the low reliability of the pre-
dictor is considered. For example, with reli-
abilities ranging between .30 and .45 for the
infant measures and a conservative .85 for
the childhood IQ test, the maximum possi-
ble prediction is approximately .50-.62. Ob-
served weighted predictions average .36,
which means that the predictions account for
34%-52% of the "reliable" variance in this
assessment system. This figure is higher
(e.g., 53%-81%) if the median raw predic-
tion of .45 is used. It is in this relative sense,
more than the absolute level of prediction
(see next section), that the infant measures
potentially refiect a powerful predictor of
later mental performance.

It should be noted that the calculations
in this section are based on classical true-
score test theory, which assumes that a "true
score" remains constant over settings, occa-
sions, and age. This assumption may not be
valid (e.g., Lumsden, 1976), especially for
developmental phenomena, and other ap-
proaches, such as Cronbach's Generalizabil-
ity Theory (Cronbach, Rajasatnam, & Glaser,
1963; Shavelson & Webb, 1981), may be
more appropriate.
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6. Predictions to childhood IQ from
habituation and recognition memory are
consistently higher than for standardized
infant tests of general development for non-
risk but not for risk samples, and they are
not consistently higher than predicting
from parental education and socioeconomic
status or a few other infant behaviors for
nonrisk samples. The average weighted cor-
relation of .36 and certainly the median raw
correlation of .45 for habituation and recog-
nition memory is notably higher than corre-
lations from standardized tests of general in-
fant development, which display a median
(raw) value of .09 for nondisordered samples
for predicting 5-7-year IQ from the first
6 months of life (Kopp & McCall, 1982).
On the other hand, the correlation for stan-
dardized infant tests to later IQ is .54 for
risk samples (Kopp & McCall, 1982), and
parental education and other measures of
socioeconomic status tend to correlate ap-
proximately .40—.60 with children's IQ de-
pending on age and the prediction interval
(McCall et al., 1972). Also, while not often
measured or reported, race and birth
order have sometimes predicted almost as
well as recognition memory in samples con-
taining severely disordered infants (Fagan &
Singer, 1983). Finally, and more startling as
well as forgotten, the early onset of vocaliza-
tion during the first year of life was observed
to correlate .71 with IQ at age 26 years (Cam-
eron, Livson, & Bayley, 1967), a result also
found (r = .50) for similar behaviors by
Moore (1967). Curiously, this result has only
been reported for females. Therefore, while
predictions from early habituation and rec-
ognition memory to later IQ are consistent,
exist for both sexes (although sexes are not
always reported separately; see O'Connor,
1980, for a very large sex difference), and
are higher than from standardized tests of
general infant development in nonrisk sam-
ples, they are not necessarily higher than for
infant tests for risk samples, not the highest
predictors ever found, and certainly not the
easiest to obtain.

This observation has several implica-
tions. First, from the standpoint of sheer pre-
diction accuracy, which may be of practical
importance in screening, selection of infants
for intervention programs, and counseling of
parents, habituation and recognition mem-
ory are still of limited utility. Second, the
field has become preoccupied with habitua-
tion and recognition memory, forgetting that
other behaviors, such as early vocalization,
may also predict later IQ. Third, this obser-

vation highlights the proposition that the
importance of the habituation/recognition
memory prediction phenomenon lies more
in what it may reveal about the process of
mental development than in the fact of the
prediction per se or its size. Unfortunately,
nearly all the empirical effort has been ex-
pended demonstrating the prediction, which
is the first step; but very little research has
been directed at discerning the nature of the
processes or mechanisms reponsible for the
correlations (see below), which now should
receive more emphasis.

Parameters
7. Predictions are somewhat higher for

risk than for nonrisk samples. While this dif-
ference was observed statistically only for
recognition memory samples (the averages
of weighted r's were .52 vs. .27), the plot of
prediction r's as a function of sample size
(Fig. 4) clearly shows the correlations for
risk samples to be uniformly higher within
an IV, and this is true for both paradigms.
This result conforms to a similar finding for
the prediction from standardized infant tests
(Kopp & McCall, 1982). The presumption in
both cases is that some low-scoring infants,
likely those who are neurologically disor-
dered and who are reared in intellectually
unstimulating environments, score poorly as
infants and as children, and such cases are
more prevalent in risk samples and thus
more likely to increase the size of the predic-
tion for risk samples. This interpretation
is consistent with the "Sameroff-Chandler
lower-left quadrant hypothesis" described
above as well as the notion that standardized
infant tests predict better for poor-scoring
than for average- or above-average-scoring
infants (McCall, 1979).

8. Predictions from habituation and rec-
ognition memory may he stronger when
such assessments are made between 2 and 8
months of age than earlier or later. The data
for this proposition are fragmentary, involv-
ing only six of the 31 samples in Figure 5;
and longitudinal data, while consistent with
this theme, are also sparse (e.g., Cardon &
Fulker, 1990; Rose et al., 1988). Neverthe-
less, the trend in Figure 5 is obvious, espe-
cially in contrast to the consistently high r's
between 2 and 8 months, and is worthy of
future study.

It is not unusual to find cross-age corre-
lations to increase from birth to 2—3 months
of age, as they do for standardized infant
tests (McCall, 1979; McCall, Eichorn, & Ho-
garty, 1977). At the very least, the infant
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measures before 2 months may be less reli-
able than after 2 months. But the possible
decline in predictability after 8 months, if
substantiated by further study, would be
more unusual and provocative. It would sug-
gest, for example, that the simplest model
of stability and continuity—that is, that the
same behavior correlates consistently with
itself across age—is not the case for this situ-
ation, and, indeed, two reports suggest that
infant recognition memory predicts later IQ
better than it predicts itself in childhood
(Fagan, 1984; Slater, Cooper, Rose, & Mor-
rison, 1989). This might imply that some
qualitative transformation of the mediating
mechanism occurs during development, in
the manner theorized by Piaget and ob-
served by McCall et al. (1977) for the same
ages.

Alternatively, the mechanism may re-
main essentially the same, but the stimuli,
behaviors, and measurement of it might
change with development. For example,
perhaps habituation and recognition mem-
ory to simple stimuli can be accomplished
very quickly by the time the infant reaches
approximately 8 months of age, and salient
individual differences thereafter are not re-
vealed unless the task is cognitively more
difficult, presumably as in cross-modal trans-
fer, which Gottfried et al. (1989) found to
predict later IQ better than habituation at 12
months.

In any case, if these curious obser-
vations are supported by future research,
something more complicated—and interest-
ing—than simple stability in the same be-
havior may be involved in this prediction
phenomenon.

9. The level of prediction coefficients is
remarkably consistent across the observed
outcome age period of 2—8 years. The mar-
ginal distribution along the ordinate of Fig-
ure 5 shows that the sizes of the r's do not
obviously vary with the age at which the
childhood IQ test is given, and no statisti-
cally significant relation was found between
weighted prediction r's and age at outcome.
What little longitudinal data are available
(not reported here) also support the propo-
sition of minimum effect for outcome age
within studies (e.g., Fagan, 1984; Fagan &
McGrath, 1981; Gottfried et al., 1989; Rose,
Feldman, & Wallace, 1989; Slater et al.,
1989), although some longitudinal studies
(Golombo, Mitchell, Dodd, Goldern, & Ho-
rowitz, 1989; Thompson, Fagan, & Fulker,

1991) suggest that predictive r's increase
through the first 3 years.

The consistency of the predictive r's be-
tween 2 and 8 years (and perhaps to age 12;
Sigman, Gohen, Beekwith, Asarnow, & Par-
melee, 1989) is unusual but not unprece-
dented in the longitudinal literature, and
that exception is provocative. Specifically,
the typical pattern is for longitudinal predic-
tions to decline with increasing age at out-
come, which is the case, for example, for
predictions to later IQ from total scores on
standardized infant tests (McGall, 1979). But
this trend for total scores actually masks a
pattern for subsets of items on these tests
that mimics the persistent high predictions
observed for habituation and recognition
memory through the childhood years. Spe-
cifically, the first principal component at and
following approximately 21 months of age
predicts at very high levels IQ assessments
given throughout childhood and adoles-
cence (McGall et al., 1977).

The parallel observations that habitua-
tion and recognition memory in the first year
of life and consensual vocabulary and sym-
bolic thought in the second year both predict
later IQ between 2 and 8 years and do so at
the same, undecreasing level regardless of
the age of the child at outcome assessment
might be a homologous coincidence. But re-
cent studies have suggested that habituation
and recognition memory predict certain lan-
guage and memory functions in young chil-
dren (Bornstein & Sigman, 1986; Golombo
et al., 1989; Fagan & Knevel, 1989; Rose,
Feldman, Wallace, & McCarton, 1989), even
when IQ is covaried from such skills
(Thompson et al., 1991). Could habituation
and recognition memory in the first year,
consensual vocabulary and early symbolic
functions in the second and third years, and
IQ, verbal skill, and certain memory func-
tions in childhood all be threads of the same
developing mental fabric?

Conceptual Mechanism
The overt behaviors that correlate across

development, such as those mentioned im-
mediately above, are clues to the underlying
mechanisms that mediate the predictions.
While a few have wondered if habituation,
at least, required any serious cognitive pro-
cesses (e.g., Lecuyer, 1988, 1989; Malcuit et
al., 1988), most students of the field (e.g., see
Kuhn, 1989) have argued that performance
in these paradigms refiects "information pro-
cessing," that is, the ability to encode the
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familiar stimulus, remember it, compare a
presented stimulus with the remembered
engram, recognize the familiar stimulus
when it is represented, discriminate a new
stimulus from the familiar or its engram, and
encode the new stimulus into memory (e.g.,
Bornstein, 1985; Bornstein & Sigman, 1986;
Colombo & Mitchell, 1988, 1991; Fagan,
1988; Fagan & Singer, 1983; Lewis et al.,
1969). Presumably, those infants who per-
form these tasks most rapidly turn out to
have higher IQs, and that relative perfor-
mance on these processes is stable from in-
fancy to childhood.

Without question, accomplishing these
tasks is required in the habituation or recog-
nition memory paradigms, but it is not nec-
essarily the case that such processes are suf-
ficient to make the prediction or that the
speed of their execution is the primary com-
ponent of the predicting measures. McCall
and Carriger (1991) make the case that they
are not. While they acknowledge these in-
formation processing tasks must occur, they
speculate that these processes are conducted
very rapidly, and variance in the predicting
measures refiects in substantial part another
disposition—the disposition to inhibit re-
sponding to familiar stimuli and to stimuli of
minor prominence (e.g., low energy, static,
etc.). Similarly, Dempster (1991) recently ar-
gued that mature intelligence is typically
discussed in terms of speed of information
processing, the quality or quantity of in-
formation represented, executive processes,
and processing capacity, but that it cannot
be understood without reference to inhibi-
toiy processes, which have been largely ig-
nored.

Whatever the mechanism, it seems clear
that the prediction phenomenon has been
established, and that much future research,
including reanalyses of existing data, should
be directed at crafting tasks and measures
that differentiate these several skills during
infancy and early childhood and discerning
how they become woven into the fabric of
maiture intelligence.
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