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INTRODUCTION

Traditional topics and 1ssues of differential psychology continue to receive
attention m contemporary research These topics include the identification
and measurement of dimensions of IDs?, models of structural relations
among these dimensions, the ongin, growth, and possible decline of differ-
ences m intellectual ability as a function of (¢) genetic and maturational
factors and (4) environmental factors describable in terms of opportunities
for learming, practice, and transfer, and the applications of differential
psychology to problems of assessment, selection, guidance, education, and
training of individuals

A discermble new trend, however, 1s a budding but fitful and hesitant
courtship between two traditionally separate disciplines of psychology—
psychometrics, on the one hand, and experimental cognitive psychology, on
the other Not clear yet 15 whether this courtship will eventually lead to
anything ke a marnage or other basis for cohabitation, but a growing body
of literature addresses IDs 1n cognitive processes identified through expen-
mental ivestigations, usually carried out in laboratory settings, of perfor-
mance 1n varnous “‘cogmitive” tasks such as companison of shmuh, “mental
rotation™ of spatial representations, recogmtion and recall of series of verbal
or figural stimuly, and comprehension of hingwstic strings—in short, tasks
that m many ways resemble, or are even identical with, those found
conventional tests of aptitudes and abilittes (20) Some of this literature
purports to be oniented toward the better understanding of the nature of
these aptitudes and abihities (77), but some of it 15 directed toward the use
of ID findings n the refinement of psychological theory (42) In either case,

2Abbreviations for terms and phrases frequently used mn thus article are as follows ETS,
Educational Testing Service (Princeton, NJ), FA., factor analys:s, factor-analytic, GRE, Grad-
vate Record Exammation, ID, individual difference(s), IQ, intelligence quotient, PA, paired-
associates, PMA, Primary Mental Abilicres (test); RT, reaction time; SAT, SAT-V, Scholastic
Aptitude Test (-Verbal), SES, socioeconomic status, SI, structure of intellect, WAIS, Wechsler
Adult Inteligence Scale, WISC, Wechsler Intellhigence Scale for Chldren
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it reflects attempts to identify fundamental processes 1n perception, learn-
ing, memory, problem solving, and other mental activities through study of
IDs m task performances Performances either in psychological tests or in
laboratory experiments are seen as exemphfying information processing
events or sequences thereof; IDs are regarded as residing, at least in part,
in the parameters of these events that can be measured or estimated through
observations of reaction tumes, error rates, and other indicants

In historical perspective, this current trend represents a coming to full
circle of tendencies that were evident already around the turn of the century
when J McK Cattell, Binet, Spearman, and others attempted, with litile
real success, to measure mtelligence through observations of simple pro-
cesses such as sensory discrimination, choice reaction time, and memory
span What 1s new 18 a more precise technology of expennmentation and a
greatly elaborated approach to the study of mental processes, represented
for example 1n the information processing theories described by Stmon m
the present volume (see pp 363-96) The question to be addressed 15
whether current efforts have any greater promuse of success

We hmut this review to consideration of contemporary research and
theory 1n individual (and group) differences in cogmitive abilities and perfor-
mances, including both the work with a primanly psychometric onentation
and work being conducted in experimental cognitive psychology Personal-
ity vanabies are treated only to the extent that they are regarded as indi-
cants of cognitive processes, styles, and strategies of performance

Partly in response to the intense public concern of recent years about the
claimed high beritability of intelhgence, the possible mmvolvement of genetic
factors in black-white differences in mean IQ, and the decline of scholastic
aptitude and achievement among various groups over the past decade (185),
there appeared numerous materials addressed to the nature of intelligence,
abilities, aptitudes, and achievements Resmck’s (133) collection of confer-
ence papers emphasized the above-mentioned possibilities of combining
psychometric and experimental approaches in the study of intelhgence, but
ethological and cultural aspects were also treated Another set of conference
proceedings (57) revealed a continued division of opinion among psycholo-
gists as to whether aptitude and achievement vanables are distinguishable
erther theoretically or empirically In our view, they are, at least in many
contexts Buros (15) brought out a collection of reviews of standardized
ability tests and recounted his 50 years of expenence in editing test reviews
(16) Relevant textbooks included those of Brody & Brody (13) and Buss
& Poley (19), the former addressed to the meaning of results from group
and mmdividual general intelhigence tests, the latter focusing on FA studies
of cognitive abiittes as well as personality and affective variables Useful
theoretical and historical articles are available (17, 176)
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Literature addressed to the general public or to school people included
a generally accurate and comprehensive survey of mtelhgence testing by
Fincher (46), a polemuc against IQ tests by Fine (47), and a collection of
papers generally unfavorable to the use of aptitude tests in schools (71)
Psychologists have shown little imtiative 1n providing persuasive answers
to the polemic writings

TRAITS, PROCESSES, AND COMPETENCE
PHENOMENA IN COGNITIVE PSYCHOLOGY

Because developments in expenimental cogmtive psychology and n infor-
mation processing and similar theories are treated 1n numerous chapters in
this and previous volumes of the Annual Review of Psychology, our discus-
sion of relations between cognitive theory and differential psychology can
be brief We must start, however, from the traditional notions of trai,
ability, and aptitude that still underlie much work in psychometrics It 1s
frequently clazmed that concepts like intelligence, “g”, ability factor and the
like are statistical abstractions or even artifacts arising from psychometric
operations Some of these concepts may indeed be such artifacts, to a degree,
“intelligence” 15 one such artifact, to the extent that 1t 15 measured essen-
tially as a weighted average or composite of a number of more basic traits

But 1t 1s not wholly an artifact, 1t has reality as an underlying dimension
that appears in numerous kinds of cognitive tasks According to at least one
type of factor model—the hierarchical model espoused by a number of
authorities (24, 69)—factors have different levels of generality, ‘g™ bemng
the most general, with Gf (fuid intelligence), Ge (crystalhized mtelligence),
and possibly Gv (visual intelhigence) factors having only shightly less gener-
ality At even lower levels of generality, numerous “primary” factors of
mental ability have been 1dentified (40) Senies of well-designed FA studies
have produced sohd and generally replicable information on major dimen-
sions of human cogmitive ability at various levels of generality, although
there 1s undoubtedly much more to be learned about these dimensions

Interpretations of factors in terms of relattve magnitudes of factor loadings
and corresponding mtuitions or observations concerning the involvement of
different kinds of knowledge, skill, and psychological processes have led to
generally satisfactory descniptions of the underlying traits The theory of
multi-item tests has achieved much of 1ts success by assuming the operation
of “latent traits” i accounting for item and function operating characteris-
tic curves, although test theory has not fully exploited a multifactortal view
of item performance, nor have FA studies taken full advantage of test
construction procedures suggested by test theory (22, 106)



INDIVIDUAL DIFFERENCES IN ABILITIES 607

Studies of cognitive tests 1n psychometrics have always been inspired at
least in part by a process view of mental activity, indeed, Galton, Binet,
Spearman, and Thurstone can be regarded as having been among the first
cognittve psychologists There 1s nothing 1n the theory of FA that requires
that the variables be scores from paper-and-pencil psychometric tests, the
variables can equally well be observations (RTs, slope parameters, etc)
arsing in the study of laboratory tasks Recent use of FA and other correla-
tional methodologies by the current generation of cognmitive psychologists
{80, 136)1s actually a continuation of a tradition previously established The
use of procedures in which variations in task varables are introduced to
generate possible variations 1n the extent to which a particular ID dimen-
sion 15 revealed in dafferent observed variables represents no reai departure
Recent work has not always attended sufficiently to such problems as
sample size, avoidance of experimental dependence, and procedures of
factor extraction and rotation {21), with the result that some of the results
are open to question Nevertheless, studies employing the new laboratory
paradigms have begun to identify several [} dimensions that are not en-
tirely specific to particular cognitive tasks and that show interesting connec-
tions with test performances (see below)

Whether ID dimensions are revealed by FA or by several new techniques
such as what Sternberg (153) calls componential analysis, the psychological
status of such dimensions poses questions Are these dimensions necessarily
lmked to actual psychological processes or mental operations? Or do they
represent IDs 1n the contents or capacities of “sensory buffers,” “memory
stores,” or other postulated aspects of “mental architecture”? If they corre-
spond to processes, are these processes of a fundamental and pervasive
character, 1e critical to task performance and generahzable over many
types of tasks, or do they reflect particular strategies of task performance
that happen to be selected by individual subjects, who can readily use other
strategies under appropriate cues” If they represent differences in character-
1stics of sensory buffers or of memory stores, what does this imply for the
nature and orgamzation of the sensorium or of memory?

Further, what 1s the significance of IDs mamifested at a particular point
of time n a particular group? Are they reliable and consistent over time?
If so, what 1s the course of their development over the life span? To what
extent are they subject to change through maturation, learning, short-term
phystological influences, etc?

The posing of such questions may 1mply particular theories and views of
behavior and performance. possibly other kinds of questions would be
suggested by theories of behavior that do not depend on mformation pro-
cessing views In any event, there 15 as yet only very lhimited information



608 CARROLL & MAXWELL

available for answering these questions. Possibly the major virtue in cogm-
tive psychologists’ renewed attention to IDs in performance 1s that 1t will
prompt increased efforts to provide theory and data adequate for answering
such questions Dnfferential psychology may therefore hold promuse for
encouraging the development of basic psychological theory, with an mer-
dental payoff in the form of better ways of specifying the construct vahdicy
of ID dimensions Notions of trait, ability, and aptitude possibly can be
replaced by concepts with a closer nexus with psychological theory

STUDIES OF BROAD ABILITY DOMAINS

Should we speak of cogmtive abilizy, or should we speak of cognitive
abilities? A persistent tension has existed between those who believe that
human cogmitive capacities can be well summanzed in a single global con-
cept of intelligence and those who prefer to emphasize the multidimensional
character of the concept The bulk of recent research 1s predicated on a
multifactonal view, yet, in the course of providing a 70-year listory of the
Binet intelligence test, Thorndike (161) questioned the tendency to “frac-
tionate” abilittes He pomted out that as much as 80% of the test variance
can be explamed by the first principal factor and that the overall IQ score
15 very stable over time whereas patterns of abilities may be unstable The
1ssues raised here are complex, but we would point out that even the facts
cited by Thorndike are not mconsistent with a multifactorial model that
provides for a strong general factor along with group and narrower factors
that are differentially subject to genetic and environmental effects

Standardized Intelligence Tests

Ajthough the period under review apparently produced no new FA studies
of the Stanford-Binet intelligence test, the factor composition of several
other widely used mtelligence tests was often mvestigated Stuches (149,
184) continued to confirm at least two reliable and interpretable dimensions
(verbal and performance) 1n the WISC and the WAIS, Conger & Conger
(28) clarmed as many as four or five rehable dimenstons 1n the WISC
Raven's Progressive Matrices test (in either black-and-white or colored
versions) generally has been considered an excellent test of the g factor of
intelhigence Wiedl & Carlson (183), however, factor-analyzed data from 35
1items of the test gaven to 180 pnimary-grade children, finding three factors
Concrete and Abstract Reasoming, Continucus and Discrete Pattern Com-
pletion, and Pattern Completion Through Closure Their results imphed
that the task structure 1s less differentiated than Raven had suggested, since
there was no distinction either between concrete and abstract reasoning
ttems or betweeti contiauous and discrete pattern completion Results must
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be viewed as tentative, however, because the factors may to some extent be
artifacts of item dufficulties and age differences Thissen (158) demonstrated
the utility of a multiple category latent trait model for obtainng informa-
tion about an examinee’s overall abihty on the Raven test by inspecting
specific incorrect responses For the lower half of the ability range, this
approach yielded up to twice as much mformation as a traditional binary
model The results of these studies might profitably be looked at from the
perspective of the information processing model proposed by Hunt (76),
who considered what sort of computer program could solve problems pre-
sented mn Raven’s test Analysis disclosed that a score within the normal
adult range on the test could be obtamed through the application of either
a Gestalt algorithm based on manipulaiing visual images or a reduced
analytic algorithm based on applying formal operations Hunt noted that
a useful diagnostic test or scoring method would differentiate between these
two styles of problem solving The failure of the Raven test to do so thus
casts doubt on 1ts use as a measure of general intelligence Lunneborg (108)
found that a battery of information processing task measures could predict
only 119% of the vanance in Raven test scores, as compared to as much as
36% for vocabulary and the performance scale of the WAIS Explanations
for the relative independence of the mformation processing tasks and the
Raven task remain unclear but deserve further study

Factor-Analytic Studies of Broad Ability Domains

In recent years there have been few studies that attempted to span a wide
range of abilities 1n a single battery subjected to FA One investigation of
this type, of special interest because 1t involved bramn-damaged patients, 15
that of Royce et al (138), who admmustered a battery of 49 measures from
22 brain-damage tests A FA welded 6 perceptual factors, 4 conceptual
factors, and 3 uninterpretable factors Correlations of factor scores with
presence of damage m 12 neurological categones revealed that about half
of the interpretable factors were relatively localized, the remainder being
refatively daffuse Verbal ability was locahized in the left hemusphere and
spatial ortentation 1n the right hemsphere, 1n agreement with previous
research In a few cases brain damage was associated with good perfor-
mance on a factor, a finding that these authors thought might suggest the
operation of compensatory functioning

Multifacronial Test Batteries

A revised version of the well-known ETS Kit of factor reference tests was
published (62), primanly to provide better marker tests of 23 distinct factors
n research Onented toward practical applications in selection and gud-
ance, the Comprehenstve Ability Battery (59) offered tests of 20 separate
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primary factors, along with suggestions concerning scoring to produce
measures of group factors There 1s marked overlap between these two
batteries, both in the factors covered and the types of tests used to identify
the factors Cory (30) developed a computenzed battery of tests called the
Graphic Information Processing (GRIP) battery The advantage claimed
for this battery 1s not its potential for adaptive testing, a feature that 1s not
utilized, but the possibly greater verisimilitude of its tasks to real-life tasks,
stimuli and test formats are presented at a cathode-ray display terminal For
example, a moving stumulus can be presented, 1tem exposure time can be
controlled, measures of tracking performance can be obtained, and response
latencies can be recorded FA and validity studies were claimed to show
that the GRIP battery provides valuable information on abihties that is not
contained 1 the operational paper-and-pencil battery used by the Navy for
selection and placement This computerized test battery thus appears to
represent a pronusing development that should be rephicated in nonmihitary
settings

Factor Madels of Cognitive Abilities

Both Cattell’s theory of fluid and crystallized mtelligence factors and Gwil-
ford’s Structure of Intellect (SI) model tnspired research during this pertod
Undheim (166) determined that flid and crystallized abilities are separable
m children but are less differentiated than they are in adults Hundal &
Horn (75) used Tucker’s interbattery FA method to relate fluid and crystal-
hzed intelligence to performance on 10 learming tasks. Tasks were con-
structed so as to mvolve either paired-associates or senial learning, either
meaningful or nonsense stimul, and figural, semantic, or symbolic presenta-
tion Considerable mdependence between learning and intelligence was
found, but the major common variance seemed to represent meaningful
associations and learning by such associations, with mtelhgence mvolving
primary memory to a lesser extent Fluid and crystallized intelhigence were
about egually involved in primary memory, but acquisition mediated by
meaningful associtations was more closely related to crystallhized inteih-
gence

Undheim & Horn (167) criticized the methodology underiying much of
Guulford’s FA research, arguing that the use of Procrustean rotations and
the overextraction of factors may produce misleading results They empha-
sized that while Guilford’s model has been useful for test construction
purposes, there 1s no compelling support for the model as a description of
human behavior In the context of the SI model, O'Sullivan & Gulford
{124) examined social intelhigence and obtained evidence for six behavioral
cognition factors separate from previously recognized intellectual abilities,
these results must be viewed with some caution m the light of Undheim &
Homn’s criticisms Favero et al (45) performed an extenstve test of the SI
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model, using one test for each of 76 cells 1n the model, along with verbal,
nonverbal, and composite scores from the Lorge-Thorndike Intelhgence
Test Despite a sample size of 34, a FA was performed, the results of which
are practically meamungless Other analyses, however, found that the me-
dian correlation between test dissimilar in all the dimensions of the model
(operations, contents, products) was substantially greater than zerc and did
not differ appreciably from the median correlation between tasks similar on
a dimension This finding questions not only the orthogonal structure of the
model but also its validity as a model of behavior If the dimensions of the
model have any meaning, it would be expected that tests simular along a
dimension would be more highly correlated than dissimilar tests It 1s
unfortunate that this study, involving an extensive test battery, used so few
subjects Thus difficulty underscores Undheim and Horn’s estimate that a
test of the entire SI theory would require at least 96,000 subject hours

Learning-Ability Relationships

A perenmal question has been whether any aspect of measured intelligence
predicts ability to learn Hints of possible relationships were obtained 1n the
study by Hundal & Horn (75) already mentioned Labouvie-Vief et al (97.
98} met with limited success in a series of experiments investigating the
effect of instructional conditions on relations between Raven and digit-span
scores and PA learming The only meanmgful result found was that Raven
test scores were a better predictor of PA learming when an imagery instruc-
tion was employed, while digit-span scores were more predictive when PA
items were presented m a speeded conditton These authors concluded that
a major source of difficulty in research on learning-ability relationships 1s
the factonal impurity of the ability measures A study by Hultsch et al (73)
provides yet another possible explanation for the general failure of the
studies by Labouvie-Vief et al to yield meanmgful results. Instead of assum-
mg that learmmg performance on a task 1s umdimensional, these authors
used Tucker’s method of analyzing learning curve data to discover separate
components of ability in learning They found a number of sigmficant
learning-ability relations that vaned with age and stage of learning, but their
study was only partially successful Relationships between learming perfor-
mance and ability factors have thus continued to elude meaningful exper:-
mental analysis, the studies discussed here 1llustrate the need to consider
both learning performance and ability measures as complex composites of
pure components in order to establish interpretable relattonships

Indvidual Dyfferences Studied in Experimental Cognitive
Psychology

In 1973, noting that “modern studies of cognition from an information
processing point of view have revealed the existence of a very wide range
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of individual differences,” Hunt, Frost & Lunneborg (79) courageously
mitiated a program of research designed to develop “theoretically based
intelhigence tests ” Though using relanvely small Ns, their pilot studies
suggested that parameters of various cogmtive tasks had significant rela-
tionships with performance on scholastic aptitude tests measuring verbal
and quantitative aptitudes Among the cognitive tasks used were the Atkin-
son-Shiffrin continuous PA task, the Sternberg STM-search paradigm, the
Posner paradigm 1n wiich the subject compares alphabet characters erther
for physical or for name 1dentity, and the Wickens paradigm of release from
proactive mhibition 1n a free-recall task Later studies (80, 107) tended to
confirm the original findings and dentified still other relations, using both
high-low verbal group comparisons and FA One of the best confirmed
findings 15 a correlation of about -0 3 between an NI-PI score and verbal
ability, the NI-PI score being the increment of mean RT in the Posner task
under name-identity wstructions over that under physical-identity instruc-
tions, this finding has been extended 1 imteresting ways by other investiga-
tors (53, 94) Hunt (78) suggests that the magnitude of the relation may be
even higher 1f a sufficiently wide range of ability 1s considered; he also shows
that RT m comprehending negation in the Clark & Chase sentence-picture
comparison task 15 substantially related to verbal ability only when the
subject uses & particular strategy in performing the task Since the appear-
ance of the report by Hunt et al (79), a number of investigators have pursued
the possibilities 1t suggests. Chiang & Atkinson (26) confirmed relations
between test scores and the slope parameters of the Sternberg task only
when data were analyzed separately by sex, they also established satisfac-
tory day-to-day rehability of these parameters Snow et al (150) continued
to work with these data, imntroducang further tests and experimental van-
ables, but with somewhat puzziing results. Yen (189) succeeded in finding
substantial relations between parameters in two learming tasks and school
aptitude and achievement measures 1n children from fifth to tenth grades
Hogaboam & Pellegrino (65), however, failed to find significant relauons
between SAT and processing speeds 1n a semantic judgment task, as Hunt
et al’s findings might suggest. They propose that Hunt et al’s results with
the NI-PI varable reflect simply flexibility 1n meeting the rather unusual
requirements of the name-matching task in the Posner paradigm Neverthe-
less, these authors’ semantic judgment task 15 not highly similar to the
Posner task

In commenting generally on these highly interesting and provocative
endeavors, we would pomt out that it may be a nustake to use SAT-type
measures as ndicants of intelligence, such measures being loaded wath
educational and experiential effects Some mvestigators (88, 108, 150) have
turned to the use of cogmtive ability measures that may be less affected by
education, such as Raven's Progressive Matrices test or certan tests from
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the ETS Kut of Factor Reference Tests On the other hand, 1t can be argued
that finding nformation-processing correlates of SAT-type measures could
help explain why individuals profit differentially from the learning expen-
ences that to a degree are common to all

Two other promising theory-based efforts to connect cognitive processing
parameters with psychometric vanables are those of a group 1n Canada (90)
and the work of Bachelder & Denny (5) in proposing a theory of intelhgence
based on the complexity or difficulty aspects of memory span performances
In the former case, the mvestigators reinterpret performances on several
types of intelligence and learning tasks 1n terms of Luna’s theory of simulta-
neous vs successive scanning, but in view of the himited test battery they
have assembled they will need to marshal more varied evidence to support
their interpretations Bachelder and Denny offer evidence that many types
of conventional intelligence test formats (e g anthmetic reasoming tasks
involving comprehenston of long sentences with numerical details} contam
unrecognized span memory components

ABILITIES IN PARTICULAR DOMAINS

Psychometnic studies have identified a substantial number of primary abili-
ties 1 verbal, fluency, creativity, reasoning, number manipulation, percep-
tual, spatial, memory, and other domains of cognitive activity Although the
domains themselves are reasonably distinct, in the sense that abilities i
different domains are relatively independent, the delineation of separate
abihities within domains 1s generally unclear This 1s possibly because the
tests used to measure the several ablities 1 a domain are not sufficiently
refined to control the stimulus, process, and response vanables that must
be controlled to obtain pure ability measurements

It 1s not wholly accidental that the tasks that have been studied 1n recent
years by experimental psychologists are frequently tasks that appear 1n tests
of the vanous primary abilities. Experimental studies hold promuse of eluci-
dating the nature and developmental charactenistics of these primary abih-
ties, as well as permutting clearer differentiation of these abilities Here we
review selected studies i several important domains Some studies are cited
only because they draw attention to interesting and possibly novel dimen-
sions of IDs, or explore relations of these dimensions to variables hike age
or social class Other studies explore covanations of experimental task
performances with psychometric measures

Language Abilities and Skills

It might appear that Hunt (78), i discussing “the mechanics of verbal
ability,” demonstrates that mformation processing parameters mn several
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cogmitive task performances are related to the well-known *“verbal knowl-
edge” factor (V) that 1s measured particularly well by wide-range vocabu-
lary tests, but since Hunt’s results pertain to fairly global measures of verbal
aptitude, the relation may have more to do with a higher-order verbal
intellectual ability such as Ge as identified by Horn (69) and others The
exact nature of this relation deserves much further examination Platmck
& Ruchards {129) found no significant relation between tachistoscopic word
recogmtion thresholds and SAT-V scores when word famiharity 1s con-
trolled

It may be suspected that many verbal intelhgence tests are strongly
affected by reading skill, but recent research emphasizes that reading skill
15 more complicated than it may appear to be Using a vanety of oral
reading tasks derived from an information processing analysis, Fredenksen
{(49) 1dentified five components. grapheme encoding, encoding multiletter
units {orthographic patterns with special sound-correspondence features),
phonemnuc translation, automaticity of articulation, and depth of processing
of lexica) umts In a relatively small sample (N = 20 high-school students),
mdividual differences 1n these components accounted for most of the var-
ance 1n standardized reading comprehension tests Studies by a group at the
Umniversity of Pattsburgh (127, 128), who obtamned results in general agree-
ment with Fredenksen’s, suggest that speed of word recogmition varnes
widely among high-school students and 15 a major source of varnance mn
discourse comprehension (by reading) far more important than any differ-
ences in strategies specific to understanding discourse as such Spearntt et
al (151) concluded on the basis of an extensive FA study that literal and
wferential reading skills are essentially the same The studies mentioned
here would have been more imformative if attention had at the same time
been given to hsteming comprehension, t e basic knowledge of spoken lan-
guage apart from reading skill

In an experimentally oriented study (6) there 1s a strong suggestion that
m tasks involving reading, college-age subjects differ in the extent to which
they use or are affected by knowledge of orthographic rules A priori
considerations suggest that these differences might relate 1o the distinction
between “language-bound” and *“language-optional” subjects proposed by
Day (34), revealed in dichotic-fusion experiments (33), but to our knowl-
edge this possibihity has not been 1nvestigated

There 15 renewed interest in dimenstons of speech performance and thetr
correlates 1 more general cogmtive abilittes Studies of children’s speech
behavior (63, 85) mdicate that some aspects, such as syntactical elaboration,
are correlated with IQ independent of social class vanables, speech styles,
however, are related 10 social class (86) In adults, mean duration of utter-
ance and latency of response to an interviewer are related to verbal 1Q (114)
In a FA of 46 measures on musarticulating children, chinical judgments of



INDIVIDUAL DIFFERENCES IN ABILITIES 615

different aspects of speech performance (articulation, auditory processing,
reading and spelling, etc) showed good correspondence with psychometric
variables (84) One especially interesting aspect of speech performance 1s the
ability to “shadow” speech at short time intervals, Marslen-Wilson (113)
found that some mdividuals can shadow accurately at intervals as short as
025 sec To our knowledge, relations between shadowng abiity and other
cognitive processing vanables have not been mvestigated from an ID stand-
point

Creatwvity and Fluency of Ideation

The nature of creative thinking has been further explored m a number of
books (156, 177) Stewn (152) reviewed procedures for increasing creativity
m group and individualized settings, see also experiments by Locurto &
Walsh (104) and Meichenbaum (118)

MEASURES OF CREATIVE THINKING Ward (175) contrasted conver-
gent and divergent measures of creative thinking by admimstering the
Remote Associates Test (in both a recogmtion and a production format)
and Uses and Pattern Meanings tests to children Convergent and divergent
measures shared lLittle varnance not also shared with IQ and achievement,
both of which tended to correlate more with convergent than with divergent
thinking Gough (56) found that word associations of moderate but not
extreme atypicality provided a better prediction of rated creativity than did
very rare responses, which may be more indicative of some form of distur-
bance An alternate explanation 1s that the result arose from a statistical
artifact, in that measures derived from very rare responses may have had
much lower rehability Gough also obtained tentative support for a hypoth-
esis that sumul drawn from a specific domain provide better prediction of
creative achievement 1n that domain than would a general word association
task In an approach similar to Gough's, Fredenksen & Ward (50) devel-
oped a sertes of items utihzing complex hife-like problems in psychology mn
order to assess creative potential among undergraduate psychology majors
Following Flanagan’s method of obtaining critical incidents in research
activities, they composed four types of situational tests. formulating hy-
potheses, evaluating proposals, solving methodological problems, and mea-
suring constructs Construct and criterion validity information was
obtamed from a large sample of persons taking the GRE Advanced Psy-
chology test The newly developed Tests of Scientific Thinking (TST) were
found not to overlap greatly with GRE scores Students scoring high on the
TST tended to engage 1n more professional activities as first year graduate
students, a pattern that was not found for the GRE, thus, the creative
thinking tests may provide useful predictive mformation about graduate
student performance
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DIVERGENT THINKING AND COGNITIVE PROCESSES Sacks & Ey-
senck (139) related the convergent-divergent thinking distinction to the
retention of abstract and concrete sentences Young adulis were classified
as convergers or divergers based on an intelhgence test and five items of
Uses of Objects presented without a time limit Subjects were then shown
six abstract and six concrete sentences and mmmediately following were
given a forced-choice recogmtion test to measure retention of the sentences.
The effect of abstractness-concreteness was highly sigmificant for convergers
but not for divergers Convergers had more difficulty in recognizing abstract
sentences These authors proposed that understanding of abstract sentences
requires consideration of more mnterpretative possibilities than 1s requred
for concrete sentences, and that divergers are better than convergers at
producing a variety of interpretations

Thinking, Reasoning, and Problem Solving

Measures of several rather poorly differentiated pnimary abilities in the rea-
somng domain are offered in the ETS Kit of factor tests (62) General
Reasoning, Logical Reasoning, and Induction General Reasoning appears
to have strong elements of mathematical aptitude. Logical Reasoning seems
to represent what was previously called Deduction Strangely, no test in-
volving analogy ttems was included in measures of these factors, possibly
because tests of analogical reasoning may relate to a lhugher-order factor
such as Gf, and because these tests frequently include an advanced vocabu-
lary component

Experimental studies, at any rate, have begun to provide detailed analyses
of processes i solving several types of reasoning tasks, including inductive,
analogical, and deductive reasomng. The most ambihous program 1s that
of Sternberg (153), whose “componential analysis” procedures have already
been mentioned After reviewing earhier theories, Sternberg presents a the-
ory with six information processing components of analogical reasoning
that can be operationalized i various experimental settings. encodmg,
mnference, mapping, application, justification, and (as a general control
process) preparation-response Several models concerning the combined
operation of these components are tested, some models being better sup-
ported by data than others It 15 concluded that whatever model 1s most
correct, it 1s general over subjects, in that there 1s no evidence of consistent
IDs 1in models used by different subjects. IDs are revealed 1n the extent to
which individuals use any model at all, however, and n their strateges,
differentiated by relative amounts of time devoted to the several compo-
nents—particularly when the discovery of relevant attributes 1s critical to
solution success Component scores from experimental tasks account for
large proportions of vanance in reference ability tests, especially 1n letter-
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series, reasoning, and vocabulary tests The preparation-response parameter
tends to make the strongest contributton mn this Sternberg claims, with
much justice, that lis approach represents an information processing analy-
sis of what 15 ordinarily meant by intelligence. A somewhat related ap-
proach, also concerned with analogical reasoning, 1s that of Whitely (180),
but 1n this case 1t 15 addressed particularly to verbal analogy tests Compo-
nents classified as short-term and long-term memory processes, control
strategies, and response implementation were operationahized m ten tasks
representing segments of analogy-item performance, a FA yielded three
factors corresponding generally to the three hypothesized types of compo-
nents All three factors contributed to the prediction of response time
measurements on a complete verbal analogy test In a further study,
Whitely (181) attempted to identify “semantic structures™ that govern ver-
bal analogy performance

At this pont 1t 15 difficult to ahgn the generally sumilar results of Stern-
berg’s and Whately's studies, but these approaches deserve further explora-
tion Sternberg’s analysis seems the more detalled and ngorous, but as
Whitely notes, “individual differences in rtem-solving strategies and the
content of memory stores” (180, p 476) need more attention Whitely &
Dawis (182) have made some progress in exploring effects of cognitive
intervention on analogy-item performance

Effects of cogmtive intervention were of central interest in a study (67)
of performance on letter-series completion tests, ordinanly regarded as
measures of the Induction factor Following a model provided by a com-
puter stmulation, the investigators gave school children explicit training on
two out of four hypothesized component processes, the detection of interlet-
ter relations, and the discovery of peniodicity Both experimental and con-
trol groups made gains (varying somewhat with age); part of the gamn could
be attributed to practice, but the greater gains in the expenimental group
indicated that the hypothesized processes are tramable “Consequently,”
the authors remark, “this study supported the psychological reality of the
identified processes and suggested the potential of mstruction i these pro-
cesses for improving intellectual competence” (67, p 356)

Possibilities of accounting for and modifying IDs 1n problem solving
ability through cognitive processing analysis have been addressed 1n several
books and monographs (1, 132, 141) Allwood (1) concludes that the analy-
sis of these IDs must take account of the type of problem (a taxonomy 1s
needed"), the indtvidual’s knowledge base, and the individual’s characteris-
tic solution strategies as they interact with problem type

The studies and reviews mentioned here have made no explcit attempt
to explain or clanfy the factorial structure of the abilitzes 1n the reasoning
domain In fact, Sternberg’s (153} work shows only small evidence of differ-
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ent mformation processing components as predictors of scores on several
psychometnic tests that ordinarnily have different loadings on verbal, induc-
tive, and deductive factors It 1s apparent that much further theoretical and
emprrical work m coordinating experimental and psychometric findings will
be needed

Abilities Concerned with Number and Quantity

The ETS Kit (62) offers tests of only one factor expheitly concerned with
number and quantity, the Number factor, defined by tests of speed 1n simple
arithmetic operations As mentioned earlier, however, the General Reason-
g factor 18 defined by tests involving reasoning with quantitative concepts
There appears to be hittle recent work 1n the experimental analysis of either
of these factors One can continue to assume that the Number factor repre-
sents degree of practice and retention of basic arithmetic skulls, still largely
unknown 1s whether individuals differ i the extent to which they can
develop these skills. Some of the work of Hunt et al (79) found relations
between quantifative reasoning aptitude and certam information processing
variables, but some of the tasks from which these vanables are derived
involve nurnenical operations, as i the Brown-Peterson paradigm where the
terference phase of the task requires the subject to count backward by 3s
Persons high on N or quantitative aptitude may incur less interference from
this phase

Taylor et al (155) sought cognitive measures related to high school stu-
dents’ performance m algebra and geometry Contrary to what might be
expected, verbally oriented tasks were more prognostic of success in geome-
try than they were in aigebra Sowviet studies in the mathematical abilities
of children have become available through a translation (95) of a work by
Krutetskn, who has even used FA, i addition to detailed observations and
interviews of indtvidual children solving mathematical problems, in shaping
a theory of mathematical giftedness Some components that help determine
giftedness, even though they are of a very general character and not specific
to mathematical behavior, are the speed of mental processing, computa-
tional skills, good memory for symbols, numbers, and formulas, spatal
abihity, and the abity to visualize mathematical relationships and depen-
dencies Krutetsku believes that giftedness in mathematics 1s furthered by
what he calls “mborn mclinations ™

Perceptual Skills and Processes in Vision and Audition

Several factors represented by tests in the ETS Kit (62) pertain to abilities
mn perceiving and manipulating visual forms Perceptual Speed, Spaual
Onentation, Spatial Scanning, Visualization, Flexibility of Closure, and
Speed of Closure Possibly Figural Flexibility and Figural Fluency should
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also be mentioned 1n this group as involving the generation of visual forms
The tests of visual perceptual skills included under this group of factors
contain many tasks sumilar to those studied 1n ¢xpenimental cognitive psy-
chology We can discuss only a small sample of the relevant studies

As pomted out by Ekstrom (40), factor analysts have had continual
difficulty 1n differentiating and interpreting Spatial Orientation and Spaual
Visualization factors (131), both of these (as well as some other factors mn
this domain, such as Perceptual Speed) could be said to mvolve some kind
of mental encoding and representation of spatial configurations along with
“mental rotation,” operations that have been stucied experimentally (125,
146) Let us consider whether experimental studies of visual perceptual
tasks might throw light on the structure of abilities 1n this domain Because
of the paucity of available data, however. much of what we have to say 15
speculative

Cooper (29) studied IDs 1 performing a task 1n which subjects are first
required to mentally rotate a visual shape to a specified position before
companng 1t as same or different to a probe stimuius that may exhmbrt any
of several degrees of change or perturbation (over and above rotation) from
the onginal Subjects differed 1n therr mental rotation speeds (during the
*“‘preparation” phase), they differed also, somewhat mdependently of mental
rotation speeds, 1n the manner and extent to which they were affected by
the amount of perturbation 1n the probe suumulus Type I subjects were fast
comparers, unaffected by perturbation, they appeared to make a holistic
companson of mental representation and the probe stimulus Type II sub-
jects, more plentiful m the small sample tested, were generally slower than
Type I subjects on “different” responses, and were much affected by amount
of perturbation; they appeared to make analytic, point-by-point compari-
sons This difference between Type I and II subjects presenis a rough
parallel to the contrast between ‘“‘structural” and “analytic” comparers
reported by Hock & Marcus (64), but Cocper powmnts to differences n
procedures and results that make this parallelism somewhat suspect Unfor-
tunately, neither Cooper nor Hock & Marcus admimstered any spatial
ability tests whose correlational patterns with the experimental task param-
eters muight have suggested something about the interpretation of factors
underlying the tests At the same time, the finding of different types of
subjects suggests that linear correlational analysis of the data would be
problematical, except perhaps by analysis for separate groups Also, Cooper
reported (unpublished mformation) that to some extent subjects may
change strategies when the structure or demands of the task make it appro-
pnate to do so

One of the few studies to investigate correlations between spatial ability
test scores and parameters of experimental tasks in this domain s that by
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Egan (39), who adapted Spatial Visualization and Spatial Onentation tests
to a format that permitted taking lateneies of correct responses. Egan found
that number-correct scores on these tests were rather hughly correlated, but
that they each had neghgible correlations with mean latencies of correct
responses. He suggested that accuracy scores on Spatial Orientation tests
represent “a form of concept venfication in which examinees serially check
the three spatial dimensions of a figure against their concept of what the
figure should be ” Visnalization tests, on the other hand, “have properties
analogous to physically turning an object in space, so that problems requir-
Ing a greater number of turns or turns of greater length required more time
to solve” (39, p. 24) Putting these results together with the data from
Cooper’s experiments, we would suggest that the essential element 1n Spa-
tial Visualization represents IDs in the speed of mental rotation n the
preparation phase, while Spatial Orientation taps the abihity of the subject
to encode a visual form 1n order to compare 1t with another. In any case,
Egan’s results suggest that 1t 15 imperative to score spatial ability tests for
power or accuracy separately from speed 1n making correct responses
Further analysis would have to take mmto account the possibility that sub-
Jects can use erther of two strategies in making visual comparisons It 1s
concesvable that these different strategies are reflected 1n scores in Percep-
tual Speed tests such as Identical Figures, where figure comparisons are
required

The suggestion that there may be IDs n skill m mental representation
and mampulanon of spatial forms raises the question of the possible rele-
vance of imagery abiity Ernest (41) identifies three approaches to the
measurement of IDs in imagery. self-report questionnaires, spatial ability
tests, and performance tasks Most of the research she reviews on correlates
of imagery with learning, memory, perceptual processes, and conceptualiza-
tion has used self-report guestionnaires, but even self-reporied 1magery
appears to be multidimensional Ernest postulates three dimenstons. vivid-
ness, habitual use, and control, Cartwright et al (23) specify three dimen-
sions relating to content figural, symbolic, and mimetic An elaborate but
m some respects questionable FA by Richardson (134) supports relative
independence among several dimensions of self-reported mmagery, as well
as relative mdependence of self-report dimensions and spatial ability test
scores Nevertheless, Ernest believes that self-report and objective test score
dimensions are not wholly independent If the spattal ability domain could
be clanified along the lines suggested above, 1t might be possible to confirm
certain relations with dimensions of imagery identified by self-report proce-
dures

We briefly note several other intriguing studies i the visual perceptual
domain Duda (38) used an analysis of IDs in the power-law exponents of
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several subjective magnitude estimation tasks to establish a theoretical m-
terpretation of Stevens’s empincal findings i psychophysical judgment
Forsyth & Huber (48) used an ID approach to study stimulus factors in the
perception of ambiguous figures as either human or nonhuman Taylor
(157) followed up an early study by Thurstone to identify ID dimensions
of susceptibility to visual 1llusions

Extensive FA work m auditory abilities 15 currently bemng completed (J
L Homn, personal communication) but has not been published in time for
this review

Memory Skills and Capacities
Theories of cognitive processing assume that memory, 1 the sense of the
acquisition, storage, and retrieval of information, 1s implicated 1n practi-
cally all performances that could be called cogmtive Eysenck (43} reviews
current theory and research on memory, with special attention to relating
this work to IDs mn intellectual, personality, motivational, and affective
variables He stresses the importance of a process-onented approach as
opposed to a “boxclogy” that assumes memory storages of different
“terms” (short, long, etc) Some of Eysenck’s review overlaps considerably
with the present review, i fact, except that he pays less attention to FA
findings

However memory 15 regarded, memory of one kind or another 1s mnvolved
1n all the domans and factors of IDs being considered here For example,
the verbal knowledge factor refers to the richness and variety of the individ-
ual’'s memories for words and other ingwistic entities, spatial abilities may
volve the clanity and persistence of short-term memories for spatial forms
But in FA work, the memory domain has been implicitly defined in terms
of abilities that appear to control the individual’s success in certain one-time
learning tasks such as PA learning and memory span The latest edition of
the ETS Kt (62) offers tests of three factors in this domain Associative
Memory, Memory Span, and Visual Memory, the last of these being a new
addition as compared to earhier editions. Ekstrom (40) reviews the empirical
support for differentiating these factors

In an effort to get an interpretaton of memory processes that would
depend on various assumed attnibutes of memory contents such as imagery,
acoustic, temporal, and affective, Underwood et al (165) performed a FA
of 22 vanables denved from episodic memory tasks that included standard
paradigms in verbal learming research such as PAs, free recall, senal learn-
ing, verbal discrimunation, and memory span “Semantic memory” vari-
ables such as SAT, vocabulary, and spelling were not included 1n the factor
analysis because they showed no strong or interesting relationships with the
episodic memory variables Five rotated orthogonal factors resulted, all
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more or less task-specific, roughly they may be 1dentified as Paired-Associ-
ate and Seria] Learning, Free Recall, Memory Span, Recogmtion Memory,
and Verbal Discrimination A tentative reanalysis (21} suggests that the first
two of these are substantially correlated to form an Associative Memory
factor at the second order These authors failed to find evidence of IDs 1n
the use of memory attributes, explaining this failing as due to the “swamp-
mg” of the data by an associative learning factor and to the possibility that
subjects are highly flexible in using whatever memory attributes are appro-
pniate 1n a given task Thus, although the study confirms and expands
previous knowledge about dimensions of memory ability, we come away
from 1t with the feeling that 1t contributes hittle to therr theoretical explana-
tion Memory abilities simply exist, they can have considerable generahiza.
bility over tasks and conditions (126), but they defy psychological analysis
Even Hundal & Horn’s (75} finding of connections between primary and
secondary memories and Gf and Gc abilities, respectively, does hittle to
advance deep understanding of memory abilities

Jensen’s assumption of a distinction between “associative (Level I)” and
“conceptual (Level ITy” abilities has continued to be questioned by mvesti-
gators (99, 162) who pont out that associative and rofe memory tasks can
engage higher-order conceptual operations They find that all types of
school success are better predicted by conceptual ability than by associative
ability

As noted above, Bachelder & Denny (5) propose that a general theory
of mtelligence can be erected on the basis of memory span phenomena But
memory span ability has eluded theoretical analysis as much as associative
memory abihity Although 1t had been suggested (42) that memory span
tasks tap individuals’ use of mnemomc strategies such as rehearsal, group-
g, and chunking, Lyon (109) obtained results that virtually rule out such
possibthities Cohen & Sandberg’s (27) data suggest that the connection
between IQ and memory span centers m the mdividual’s ability to retain
the terminal items of a presented string, but 1t is not clear from this study
what kind of memory store or process 1s mvolved Although they do not
note the fact, their results also suggest that there may be other sources of
ID vanance it memory span performance Chit (25} suggests that memory
span deficits in children may be due to failure to encode the stimuh rapidly
and completely

Cogrnitive Speed

Cogmtive Speed 1s hardly a distinct domawn of abilittes, many factors in
domains discussed above are characterized by speed elements or contain
them to the extent that the tests used to measure them are speeded or
administered under a time limit But perhaps Cogmitive Speed ought to be
considered a separate domain, constituted by reclassifying the speed ele-
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ments from other domains into this domain This might be especially desir-
able 1n view of the fact that many of the parameters of laboratory tasks refer
to rate or speed of performance It has been noted above that Egan (39)
recommended that spatial ability tests should be scored separately for speed
and accuracy The generahizablity of a speed element in spatial amhty tests
to speed elements drawn from other domans 1s unknown, although earher
studies (e g 105) have identified one or more general speed factors Al-
though cogmizant of the problem, Lunneborg (107) might have been more
successful in relating reaction time measurements to psychometric variables
if lus procedures had taken more account of the speed aspects of the latter
It would seem that a desirable strategy in studying relations between labora-
tory and psychometric tasks would be to insure that speed and accuracy
components of performance 1n each case are separately considered Such a
strategy has seldom been employed in the history of ID research, see also
White (179) on this matter

COGNITION AND PERSONALITY

Factor analysis continues 1o be a useful tool in the 1nvestigation of personal-
1ty-ability relationships Messick & French (119) found speed and flexibihty
of closure factors related to personality vanables. Hakstian & Cattell (60)
used both Tucker’s mterbattery FA and canonical correlations 1o examine
relationships between 20 ability variables and 14 personality variables sepa-
rately for males and females Relationships between the two domains were
tenuous, especially in the case of females It was suggested that males and
females may differ in the extent to which personality and ability measures
are related

Schwartz (145) sought to explamn previous findings that arousal dunng
acqusition affects memory sometimes positively and other times negatively
He hypothesized that arousal focuses memory on physical rather than
semantic cues, and that its facihitative effect thus depends on the nature of
the matenal to be learned Results supportive of this hypothesis were ob-
tained for PA learming and clustering in free recall, but the data also permit
other explanations

Turner & Horn (164) used a double cross-validation procedure to exam-
tne relattonships between the 16 PF (Personality Factors) test and three
factors identified m the WAIS Significant verbal ability-personality rela-
tionships were maintained under cross-validation, but there were no such
refationships for memory and numerical abihties and only mixed findings
for spatial ability Their methodology emphasizes the need to control for
testing the sigmficance of the numerous correlation coefficients 1 such
studies to 1nsure that obtamed relationships are not simply spurious results
due to Type I errors
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Field Dependence-Independence
The field dependence-independence distinction, regarded as related to both
cogmion and personahty, continued to provoke research during this pe-
riod, as indicated by an extensive bibliography (186) Witkin et al (188) and
Goodenough (54) reviewed implications of field dependence for education
and also 1ts relations with learning and memory Field-dependent and field-
independent persons are said to be about equal in learning and memory
abilities but different m the strategies they are likely t0 employ and 1n the
types of material they learn easily Field-independents tend to make greater
use of mediators, field-dependents often either cannot or do not impose
structure on material, and thus need an external source of structure
Writing on the development of field dependence at both the individual
and the cultural level, Goodenough & Witkin (55) state that the ontogenetic
trend into the midteens 15 from dependence to independence, but the histori-
cal trend 1n the culture has been 1n the other direction Biological, environ-
mental, and cultural factors are mvoked to explain these trends A major
restatement of the field dependence theory has also been presented by these
authors (187) It now seems that there 1s no general restructuring ability or
style across all domains, because FA studies have revealed that restructur-
ing tendencies in visual and anditory modalities are separable, and such
tendencies are related very little if at all across visual and verbal modalities
Further, it 15 now thought that some individuals are “fixed” 1 their style
while other persons are “maobile,” 1 e by adapting their style to a particular
situation they can be field-independent and exhibit high interpersonal com-
petence This reconceptuahzation would seem to represent a departure from
the original value-free notion of the construct, i that now 1t seems that
persons can be classified along a dimension of interpersonal competence as
well as along a second (perhaps correlated) dimension of cognitive restruc-
turing, neither of which s value-free

CHANGES IN ABILITIES OVER THE LIFE SPAN

Recent years have seen mcreasing emphasis on abilities both in the very
young and mn the aged This research has proved useful mn broadening our
understanding of the nature of abilities, especially of how abilities change
with age

Abilities in Infants and Young Children

The development and measurement of cogmtion and cognitive abiliies
young children has received much attention in books (14, 91, 93, 101, 168)

Two noteworthy studies mvestigated infants’ cogmtive performance, with
emphasis on examuning the vahidity of different measures of mtelligence.
Lewis & Gallas (102) related scores on the Mental Development Index of
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the Bayley Scales of Infant Development, the Corman-Escalona Scales of
Object Permanence, and measures of habituation and recovery on an atten-
tion task for 12-week-old infants The study 1s distinctive for 1ts sample size
(N =189) and the narrow age range of the chuldren The highest correlation
obtamed between any two performance measures was 0 22, suggesting that
a developmentally constant, general mtethgence factor does not exist in
mfancy Miller et al {120), however, found that measures of first fixation
habituation ratio obtained from infants between 2 and 4 months old were
predictive of performance at age 15 months on scales developed by UZgins
& Hunt (168) It thus appears that although habituation measures do not
correlate highly with standardized measures of intelligence 1n the infant,
they may nevertheless possess short-term predictive validity for later cogm-
tive performance

The Piagetian approach to assessing the development of mtelligence 1n
young children has only rather recently been related to psychometric re-
search 1n IDs mn abihities of young children This research has largely
involved correlating performance on Piagetian tasks with performance on
psychometric tests For example, Neimark (122) established a connection
between performance on the Embedded Figures Test and development from
concrete to formal operational thought m a longitudinal study of several
cohorts of children, but 1t 1s unclear whether cogmtive style per se 1s
mportant or whether general mtelligence 1s actually responsible for the
relationship Kuhn (96) found that the WISC correlated more laghly with
Piragetian task performance for children in grades 1-3 than for children n
grades 57 Kuhn’s explanation for this was that a child’s general expen-
ences affect performance on Piagetian tasks, whereas specific experences
affect performance on traditional 1Q tests. However, other explanations are
certainly possible, and indeed the finding itself needs to be rephicated with
different Pragetian tasks and with one group of same-age young children
and another group of same-age older children. Hruza et al (72) concluded
from a FA of adult data that Piagetian factors are independent of psycho-
metnc factors Examnation of their factor matrix, however, suggests that
an oblique structure would disclose a substantial relationship between the
two types of factors Siegler (147, 148) has used a rule assessment methodol-
ogy 1 an effective way to discover bow children attempt to solve certain
Piagetian tasks Although the focus of this research 1s on age differences,
1ts methodology would seem useful 1n investigating mmdividual differences as
well

Abilities in Older Children

Research with older children has been concerned with stabihity of test
scores, relationships between development of different abilities and relation-
ships between age, test scores, and cognitive task performance Hopkins &
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Bracht (68) noted that most previous research on test score stability has
concerned individual rather than group IQ tests Children were admums-
tered the Califormia Test of Mental Maturity 1n grades 1 and 2 and the
Lorge-Thorndike Intelhgence Test in grades 4, 7, 9, and 11 For verbal 1Q,
correlations mvolving measurements at grade 1 or 2 tended to be in the
range 0 4 to 0 5, whereas from grade 4 onward, correlations were 0 75 to
0 85 Similar findings occurred for nonverbal IQ, except that stability first
became evident at grade 7 rather than at grade 4, and the correlations were
overall substantially lower than they were for verbal 1Q

Atkin et al (4) used a multivariate modification of the cross-lagged tech-
nique to examine developmental relationships from grade 5 to 11 on 16
cognitive tests Separate analyses by race and sex revealed that the fifth
grade measure of Listening, an aural comprehension test, consistently pre-
dicted a composite score from all tests in the eleventh grade better than the
composite predicted Listenng No other measure exhibited such cross-
lagged differences, a finding that imphed that Listening taps sources of later
mtellectual development more directly than any of the other tests, perhaps
because only the Listening test 15 presented orally and mvolves no repetition
of stimul, so that 1t more than any other test demands attention, crucial
to development We suggest an alternative explanation, namely that Listen-
ing measures rate of basic language development better than the other tests
used, which are affected by extraneous sources of variance due to early
differences 1n the acquisition of reading skills Atkin et al (3} also examined
the differentiation hypothesis using these same data Several methods of
analysis all suggested a small, gradual mcrease in the number of common
factors, expecially for the white groups Interpretation of any race differ-
ences must be very tentative because of small sample sizes for the black
groups Olsson & Bergman (123) used a confirmatory FA model to mnvesti-
gate differentiation 1n a sample of Swedish children tested at ages 10 and
13 Dnfferentiation occurred in the sense that factors were more separable
at age 13, but integration occurred 1n the sense that unique variances were
smaller at the upper age This finding emphasizes the need to consider not
only the particular tests employed and the ages of the subjects but also the
definition of differentiation

The important and pioneermg work of Keating & Bobbitt (88), briefly
noted above, extends the research methods of Hunt et al (80) into the period
of childhood The basic design included three age levels (grades 3, 7, and
11), two ability levels (classified according to performance on Raven’s
Progressive Matrices test) and sex of subject Effects of these factors were
examuned for vanables denved from three cognitive tasks the Posner letter
companson task, choice reaction time, and the Sternberg memory scanning
task Age and ability main effects were generally sigmficant, but there were
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no significant sex effects or interactions Based on a stage analysis of the
tasks, results showed that tasks or differences between tasks that had steps
in common tended to yield correlations higher that those from tasks with
no steps in common These resulis supported the validity of the stage
anatysis and furmshed evidence for consistent IDs 1n the components

Aging and the Question of Declines in Abilities

The long-standing controversy as to whether any mental abilities dechne
with age has continued to be debated Botwinick (10) concludes that both
cross-sectional and longitudinal studies show that some declines definttely
occur, but that they may begin later in life, may be smaller in magnitude,
and may include fewer abihities than previously thought Horn & Donald-
son (70) engaged 1n a senes of spinited debates with Schaie & Baltes (142)
These debaters seem to have arrived at a substantial consensus regarding
the facts, but their interpretations of the facts and their implhcations still
diverge widely Horn & Donaldson mnsisted that the important finding 1s
that aging decline 1n average intellectual performance is not mythical, there
15 decline for at least some abilities and some individuals Schate & Baltes
emphasized, 1n contrast, that decline does not necessarily occur for the
totality of individuals or for all abilittes In any case, future research should
examine why some persons show a decline while other persons’ abilities
remam stable, and there should be further investigation of why different
abilities tend to dechne at different rates Schae & Parham (143) continued
the mvestigation of the relative impacts of cohort and age on ability dechne
data With equivalent age and cohort ranges of 7 years, cohort effects were
generally larger than age effects until subjects were 1n their late 60s, at which
pomnt age effects began to predomunate

AGING AND MEMORY Robertson-Tchabo & Arenberg (135) performed
a FA of measures of free recall, recogmtion, forward digit span, dichotic
digit pairs, and vigilance for healthy males in three age groups, ages 20--39,
40-59, and 60-80 Data for the pooled groups yielded four factors, intes-
preted as Speed of Information Processing, Secondary Memory, Attention,
and Pnmary Memory Factor scores correlated sigmificantly with age (older
subjects having lower scores) for all factors except primary memory These
findings tend to corroborate Craik’s (31) conclusion that age differences
primary memory are nummal as long as stimubi are fully perceived, no
reorganization is required, and attention 1s not divided, but that if matenal
exceeds the capacity of pnmary memory and thus engages secondary mem-
ory, elderly persons tend to be somewhat defictent Friedman (51) found a
loss of differentiation of memory functions in an elderly group for whom
the correlation between digit and word span performances was significantly
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higher than for younger subjects This result may provide an example of the
similarity between the elderly and children 1n some respects, since abihities
appear to be less differentiated in children than 1 young adults Such
factors as motivation must, however, be considered as rival or supplemen-
tary explanations

Thomas et al (160) assessed the effects of age on speed of retrieval from
long-term memory for healthy males whose ages ranged from 25 to 74
Qider subjects were found to have longer picture-naming latencies, but the
differences could be mmimized by practice or cueing The fact that the age
effect did not mteract with word frequency was interpreted as showing that
the pattern of results for healthy elderly persons 1s not the same as that for
bramn-damaged persons, for whom word frequency has an effect Walsh &
Baldwin (174) investigated age differences in semantic memory, pointing
out that most previous research has focused on episodic memory tasks,
which may be less mteresting to the elderly and also less ecologically vahd
Results using the Bransford & Franks paradigm of linguistic abstraction
(but 1s this really semantic memory?) showed that an elderly group did not
differ from a group of college students 1 precision of retaned semantic
mformation or 1 the degree to which hingwstic information was integrated
into holistic 1deas. The elderly group was inferior 1o the college group on
tasks involving secondary memory, as would be expected from previous
research These results suggest that ecologically valid semantic memory
functions may not decline with age

CONTROL OF AGE EFFECTS BY TREATMENTS Instead of accepting as
mevitable a dechine of abilities with age, researchers are begmning to investi-
gate other factors that may be responsible for declines as well as to search
for treatments that may prevent such a decline Birkhill & Schae (7)
assessed the effect of differential reinforcement of cantiousness 1 perfor-
mance on PMA subtests among elderly subjects averaging 73 years of age
Results showed mcreased performance on verbal meaning, space, and rea-
soning subtests when subjects were encouraged to guess answers to ques-
tions they mught not otherwise answer Some reported test score declines
may thus be artifacts due to overcautiousness Jordan & Rabbitt (87) exam-
med the effects of increasing practice on the mitial disadvantage of elderly
subjects in senal choice reaction time to stimuh of varying complexity
‘When subjects were unpracticed, the magnitude of the repetinon effect was
greater for the old than for the young subjects, but with moderate practice
the magmtude of the effect was the same for both groups. Also, initially
there was a complexity-by-age nteraction for both number of errors and
RT, older subjects being more adversely affected by increased complexity
With practice, however, increased complexity was no longer a problem for
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the older subjects Thus finding indicates the possible importance of practice
vanables i examinng age differences mn abilities

Plemons et al (130) developed a training method to modify fluid intell-
gence In the elderly Subjects in the treatment group received a seres of
eight 1-hour practice sesstons on figural relations tasks over a 4 week period
They were found to be superior to subjects 1 a control group 6 months later
on a similar set of figural relations tasks, a result that suggested that the
treatment effect was lasting Companson on a less similar set of figural
relations tasks, however, showed the treatment effect to be sigmificant 1
week after the traiming but nonsigmificant 4 weeks later This study suggests
that tested fluid intelligence may be somewhat modifiable, but at least in this
mstance generalization of freatment effects was limted

The limited success up to now of efforts to modify abilities 1n the elderly
should not be taken to signify that greater success cannot be achieved in the
future Further research holds promise of enhancing our understanding of
age-ability relationships in a major way

GENETIC AND ENVIRONMENTAL INFLUENCES
Nature-Nurture Issues

GENETIC INFLUENCES Because of the availlability of recent reviews (35,
36), we need only do some updating and add a few remarks We very much
agree with previous reviewers who point out that “cognitive abihity 1s far
too complex to be assessed by a univariate number such as IQ” (36, p. 180)
We would nsist further that even use of multiple measures of cognitive
abilities such as PMA scores does not guarantee that sufficiently well-
defined dimensions of cogmtive IDs are bemng employed The great “IQ
controversy” documented by Block & Dworkin (8) and persisting in current
debates 1 the literature (82, 121, 159, 171) 1s thus doubly flawed, to say
nothing of the numerous problems of sampling, study design, statistical
models of phenotype-genotype relationships, etc with which research 1n this
area 15 beset. There 15 even a question, raised by Roth (137), whether
research using cognitive measures attends sufficiently to the “negotiated
features of mtelligence measurement,” 1¢e the social and sociohingustic
conditions under which measurements are taken

At the same time, we also agree with previous reviewers that “a prudent
person has no alternative but to reject the hypothesis of zero heritabihty™
of tested cognutzve abihity (35, p 501) We can agree with McGuire & Hirsch
(116) in denying the “genetic reality” of a general factor of intelligence and
m drawing attention to the possible importance of genotype-environment
mteractions in phenotype-vanance equations, on the other hand, on the
basis of the considerable evidence on the relative unmodifiabihity of cogm-
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tive abihity (32, 66) we find 1t hard to believe that the ranges of genotype
reactions over different environments (e g teaching methods) can be so
large as these authors appear to assume We belhieve the accumulated evi-
dence suggests that 1n representative populations heritability of at least
some cogmtive abshities can be at least as lugh as 04 or 05 It appears,
however, that the question of whether cognitive abihties differ in heritability
15 far from settled

On matters of the genetics of specific cognitive traits we can mention a
review by Vandenberg & Kuse (170) concerned with spatial ability (or
abihities”} and Vandenberg’s (169) findings suggesting genetic factors in
learning abilities manifested 1n several verbal learming tasks. These latter
abihties, however, are perhaps to be 1dentified with the Associative Memory
factor identified m FA studies

ENVIRONMENTAL INFLUENCES Even if heritability values for cogm-
tive abilities are assumed to range as high as 0 8, there 15 still play for the
operation of environmental vaniables There 1s now mmpressive evidence for
the role of such variables and much interest i1n modeling relations between
such variables and dimensions of cognitive ability (18, 112, 173) Bradley
et al (11) found an environmental process measure to be better than SES
in predicting IQ at age 3, Trotman (163) obtained similar results for envi-
ronmental measures as predictors of 1Q for both white and black ninth-
grade muddle-class girls Kellaghan (89) found relationships between home
variables and cogmitive measures to be highest for scholastic attainment,
somewhat smaller for crystallized intelligence measures, and still smaller
for flmd intelhgence measures

Several major studies of environmental intervention appear 1o show that
cognitive abilities can be mcreased 1o a certain extent Through a program
of maternal rehabilitation and cognitive stimulation, the Milwaukee Project
(52) continues to report success 1n improving mtellectual performance,
language development, and behavior styles among young children identified
as cultural-familial mental retarded m low SES populations McKay et al
(117} reported that the gap in cogmtive ability between “chronically de-
prived” and privileged children in a Colombian city was significantly nar-
rowed by a treatment program combining nutrtional, health, and
educational features The younger the cluldren entered the program, the
greater the gamns, also, the gamns permsted for at least a year after the
treatment ended Interestingly, the study utiized a fair number of differen-
tiated cognitive measures, although the detailed results have yet to be
reported

Zajonc (190) offered further evidence for his “‘confluence” model of the
association between mtelligence and family size and birth order, a model
that surely implicates environmental influences i the form of teaching and
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tuition among family members Crucial tests of this mode! are apparently
as yet unavailable

Group Differences

SEX In a comprehensive review of sex differences m motor, spatial, and
hingmstic abilities, Fairweather (44) suggests that the incidence of reported
sex differences 15 outweighed by qualifications of age, culture, sex of experi-
menter, etc He thinks theory development in this area 1s premature, espe-
cially as regards lateralization effects Nevertheless, proposals are rampant
Believing that maturation rate may be a critical factor, Waber (172) found
that among adolescents, early maturers were better at verbal than spatial
tasks, the opposite being true for late maturers, regardless of sex Further
analysis showed maturation rate related to spatial ability but not to verbal
ability Late maturers were more lateralized for speech perception In a
study by Welsh & Baucom (178), masculinity-femimmty (as defined by
self-ratings) was correlated with scores on a nonverbal reasoning test, mean
scores on the latter not being significantly different between sexes

RACE Research on race differences has continued to focus on black-whate
differences, although mterest in other racial and cultural groups has -
creased (61, 92, 100). There have been new looks at deficit hypotheses and
attempts to investigate factors affecting group differences 1n test scores
Finding that the notion of a perceptual defect 1n some black populations 1s
still alive, Mandler & Stein {110) were unable to find solid evidence of such
a defect after effects of early experiences and the charactenstics of the
measures used were discounted In two studies, Jensen considered the cu-
mulative deficit hypothesis, which he called the “keystone of the rationale
for compensatory education” (81, p 996) In the first study, data from
younger and older siblings in black and white famihes in Califorma showed
a smail verbal IQ decrement for blacks but none for nonverbal IQ A second
study (83) using data from rural Georgia showed blacks but not whates to
have a substantial decrement 1n both verbal and nonverbal IQ as a linear
function of age Although both heredity and environment could contribute
to the decrement, Jensen favors the environmental mterpretation because
of the superior environment for the California groups

Bridgman & Buttram (12) found strategy traunng to reduce race differ-
ences 1n nonverbal reasoning scores, but Humphreys (74) cnticized their
methodology and the test they used Samuel (140) investigated effects of test
atmosphere, tester expectation, race and sex of tester and of subject, and
SES on the performance scale of the WISC Several complex mnteractions
were obtamned, but blacks tended to score below whites across almost all
condimons Samuel concluded that short-term mampulations such as these
have hittle impact on black-white differences in WISC performance scores
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APPLIED DIFFERENTIAL PSYCHOLOGY

Determinants of School Achievement

Relations between abilities and school achievement have been considered
m several books Bloom (9) provided a thorough explication of his theory
of school achievement and what he calls “mastery learming,” describing
relative influences, 1n mteraction with charactenistics of mstruction, of cog-
nitive and affective “eniry characteristics” of students upon learnming He
claimed that IDs m aptitudes and achievement can dimmmish markedly
under a proper regimen of teaching, a claim that tends to be supported by
his own studres and one by Anderson (2) Cronbach & Suow (32) rekindled
mterest 1n aptitude-treatment interaction (ATI) research after a penod of
discouragement regarding the possibtlity of finding useful and replicable
ATIs had set in

Marjortbanks {111) used complex regression models allowmng for non-
Iinearities and interactions to examine relations among ntelligence, cre-
ativaty, and school achievement Measures of creativity and of nonverbal
reasoning had different relations with achievement, a finding suggesting that
creativity measures do not function sumply as a second measure of intelli-
gence There was no support for the view that mtelligence 1s related to
achievement up to a threshold pownt ar which creativity overndes intell-
gence Instead, at high levels of both dimensions, neither 1s a good predictor

Drenth (37) discussed the use of psychological tests i predicting school
performance in developing countries

VALIDITY STUDIES CHILDHOCD Stevenson et al (154) studied lon-
gitudinally the elementary school learning of reading and arithmetsic Third
grade reading and arithmetic achievement were rather highly predictable
from scores on an extensive series of cogmitive measures taken 4 years
earlier, these scores were more predictive than teachers’ ratings

VALIDITY STUDIES ADOLESCENCE AND ADULTHOOD Hakstian &
Bennet (58) provided evidence of the validity of the Comprehensive Ability
Battery (59) for predicting high school grades, this battery was found to
compare favorably with the Dhfferential Aptitude Tests McCall’s (1135)
longitudinal study obtained correlations between IQs taken at different ages
with educational and occupational attainment at age 26 Correlations were
found to nise until about age § after which they remained fairly stable at
about 0 5, a finding that McCall explained as due to the onset of formal
schooling near age 8§ Lin & Humphreys (103} found continued confirma-
tion of their claim that the psychological nature of college achievement
changes from freshman to semor year, with mtellectual measures relatitig
less to senior grades than freshman grades even when abihity i1s measured
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it the senior year Data for undergraduate and postgraduate grades sug-
gest that the first vear in a new academic learning situation represents a
greater mntellectual challenge than subsequent years It 15 not clear to what
extent this 15 true because of more stringent course requirements in the first
year of a curniculum

Schmeck et al (144) developed a self-report instrument measuring four
types of IDs 1n learning processes that they found to be related to perfor-
mance in college under study conditions. The four scales were Synthesis-
Analysis, Stady Methods, Fact Retention, and Elaboration Processing

CONCLUDING REMARKS THE STATE OF OUR
KNOWLEDGE AND ART

Twenty-five years ago the semior author wrote the chapter on individual
differences for Volume 5 of the Annuael Review of Psychology In writing the
present epilogue, he hardly dares consuit what he wrote earlier, perhaps
because he fears that it would be only too panfully evident that in the
intervening period ID psychology has not made the substantial progress
that he then looked forward to

If in 1954 he had been able to have a true vision of 1979, he would have
been surpnised that m 1979 people would still be arguing over what mtelh-
gence 18 and the extent to which 1t 1s genetscally determined, that by 1979
a number of thoroughly respectable, scientifically based batteries of mul-
nfactonal ability tests for different age groups of the population had not
been devised, and that m 1979 there wouid still be a paucity of knowledge
about the rate at which different cogmitive abilities develop and change over
the life span under normal circumstances, or about the extent to which
measured abilities are modifiable through expernience, traiming, or instruc-
tion

It would take a lengthy excursion wmnto the intellectual and social history
of the mtervening period to inquire why differential psychology has not
made the kind of progress that might have been possible There has been
some progress, to be sure—certainly in the sophistication of methodologies
and to some extent 1 the accumulation of pertinent knowledge—but 1t 1s
disturbing to think that even i 1979 psychologists nterested wn IDs find
themseives mn a vulnerable position Their knowledge of many aspects of the
nature and determinants of cogmitive abilities 1s still far from satisfying, and
they cannot make clear and well-supported statements about the ecological
relevance of these abihties or about how they might be susceptible to modfi-
cation through different social and educational maneuvers

The fresh wind blowing 1s that of cogmtive psychology and the prospect
that 1ts perspectives may be able to reform psychometrics and the theory
of IDs 1n a radical way Previously in this article we raised the question of
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whether this new trend, a Phoemx-like revival of directions that were
evident 80 years ago, might succeed where the earlier movement had failed
1t 1s not yet possible to answer this guestion. Our review shows that the real
problems and limitations of the new approaches are only begmmning to be
recognized, promising as they may be Already it has become clear that
there 1s little hope of bemng able to replace standard psychometnc mstru-
ments wholesale with series of reaction-time measurements or the like. But
the new directions may prompt ID theorists to reexamine traditional as-
sumptions, and encourage psychometricians to restructure testing mnstru-
ments and procedures to take account of interactions of psychological
processes and mental contents in different individuals under different condi-
tions

The next 25 years will take differential psychology mnto the twenty-first
century There 15 just a famnt possibility that some of the things that seemed
to be around the corner 1n 1954 will have come to pass by the year 2004,
but if they do, 1t will surely be 1n ways that could not have been anticipated
then
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