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THEORY OF INTELLIGRNCE

It {s necessary, 23 a first step, to formulate a definition >f intelligence.
The usual ¢riterion for a definf{tion is, of course, that the term in question {in
conjunction with other terms in the thaory lead to testable hypotheses. The
definition muet lead to scientifically useful consequences. It 18 also reasonable
to enploy a secondary criterion on occasion, Since intelligence tests are {in
common use, and cince these tests have become firmly entrenched in this society,
the definition of intelligence should be tied directly to nvnilable measuring
devices. This secund criterion ie compatible uith a philogophy of science that
does not dictete anu operational definitfon for every concept in the theory, but
it i{s more convenient to have operational definitione for certain terms in the
theory than for others.

Definition of Intelligenca. Intelligance ie defined as the entire repertoire
of acquired skills, knowledge, leerning sete, and generalization tendencies con-
sidered intellectual in nature thet are available at any one period of time. An
futelligence test contains icems that sample the totality of such a:quisitions.
Intelligence so defined is not an entity such as Spearman's "mental energy.'" Ine
stzad the dufinition suggests the Thomsor "mwultiple bonds' approach. Nevertheless
for the sake of convenience {ntelligence will be discussed as {f {t were a unitary
disposition to eolve intellectual problems.

There {s ona important difference from Thomson's nultiple bonds, &t least as
the Thomson theory hes at timee been interpreted, that should ba clariffed. It
{6 not essential that the person whose intelligence {s meesured have acquired a
specific reaponse to esch stimulus or eet of stimuli preeented. Learning sets
and generalization tendencies were introduced in the definition to preclude
critical interpretatione of this tyye.

The definition of intelligence hare proposed would dbe circular as a functicn




2
of the use of "intellectual” {f it were not for the fact that there is a consensus
among psychologists as to the kinds of behaviois that are lastelled intellectual.
Thus the Stanford-Binet and the Wechsler tests can be considered e~ aples of this
consencus and define the consensus. It is also true that a present consensus does
not rigidly define intellectual for all time to come. One should expect change
to occur. This change will come Blowly, however, becsuse the process of changing
the definition of a test in terms of the items composing it i{s a slow one. As the
empirical basis for change primary reliance must be placed on functional relation-
ships involving the total score on the test.

Contrast with Olger Operationalism. This definition differs from the statement
that intelligence is what iatelligence tests measure. When the intercorrelations
of several different {ntelligence tests do not approximate unity closely after
correction for attenuation, the strict operationalist is left with as many different
definitjons of intelligence as there are tests. From the present point of view,
however, one would not expect different tests to be perfectly correlated since each
e:mples a domain that {s feirly heterogenecous with a limited number of items.
Farallel forms of the same test cvhould be more highly correlated than different
intelligence teets since in tha former there 18 no {tem sampling error and there
is near identity of parallel {tems.

A problem arises in trying to set a desired height of intercorrelations of
tests sampling from Lhe same domain. There {s no easy anewer. An a priori
approach {s not possible since a great deal depends on the number of items in
esch test and tha degree of homogeniety of the domain. A combination of a
rational analysis of the content of the testa in question plus & distribution of
the intercorrelations of the proposed tests provides a partial answer. Tests
of satisfactory relisdbiliiLy but whose correlations with otter intelligence tests

" ,mnt a psrt of the main distribution 2f such correlations can be considered
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3
inadequate representatives of the domain. By this criterion a typical culture fair
test of inteliigence {s not an acceptable measure of intelligence at this point in
time.

A second diffrrence between the two approaches to definition is that the pre-
sent one fits into a larger context. Knowledge of learning and of the constitu-
tio.al bases for learning become {mportant., As a result the definition here
proposed leads to testable hypotheses concerning intelligence.

A third difference between the present definition and -“e older, more super-
ficial operstionalism {a that a distinction is made between the repertoire oi
responses, which 18 intalligence as here defined, and the eliciting of those
responses on tihe test. A person whosp» repertoire of reasponses i{s for somd reason
not availsble at the time the test is sdministored can still be intelligent. This
distinction {s often phrased in the paychol»gical literatur¢ as that between
learning and performance, but the emphasis here is between acquired knowledge snd
skill, on the one hand, and periormance on the other.

Discrepancies between {ntelligsnce snd parforménce on an f{ntelligence test
can conceivably arise in a very large number of ways. The test constructer and
the teat sdministrator try to minimize the discrepancies by writing reliable,
unambiguous items, by standardieing the conditicns of test sdoinistration, snd by
specifying the populations of persons and the set of situations for which the
test is appropriste. How succsesful such efforts sre {s sn ewpirical matter and
cannot be evslusted in the arm chafir. A usefu] generslieation from & great deal
of such research i{s that intellectusl parformsnce is ralatively robust. It {s
not affected substantislly by many of ths a prior{ possibilities. This finding
should not, however, be taken &s an excude for careless or unsophisticated uvse of
fntelligence tests.

ERIC ;
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4

Biological Substrate. Since most theorists have defined intelligence as a

capacity, generally fixed by inheritance, it is necessary to specify the reasons
why this seems undesirable. It should be cleerly understood at the outset that
the present writer does not exclude the possibility, or rather probability, that
constitutional differences among men affect the ease with which intellectual dis-
positions are acquired. He prefers thc term '"bloiogical substrate" for intelli-
gence to cover these differences while intelligence is reserved for the acquired
dieposition.

Biological Jifferences can arise from many causes. In addition to genetically
determined diffurences, biological differences can be acquired prenatally, per-
inatally, and psetnatally. FPurthermore, the genetically determined differences
ary far from unitary. Instead the genes are responsible for a huge complex of
anatomical and biochemical factors. It is extremely doubtful that physiolngical
psychologists are going to find a single key to the differential facility the
human possesses in the acquisition of intellectual dispositions. Biological sub-
strate and genetic substrate, respectively, for intellectual performances are more
appropriate terme than a word which suggests an entity.

From the point of view of the user of an {ntelligence test the most important
reason for not defining intelligence in terms of a genetic substrate is that a
given person's standing with respect to genetic fectors can not be inferred from a
test score. The test measures acquired behavior. Independent assessment of the
genetically determined biological base is presently possible for only a tiny por-
tion of the human population, e. g., phenylketonouria. Some few of the acquired
organic differences can be independently assessed, e. g., certain of the birth
"fnjuries." Experimental control is lacking in studies of human genetics so that
it 1is even impossible to draw conclusions about reletive contribution to variance

ERIC 7
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of genetic factors in an snalyaia of variance design.

The conatruct of a genetic substrate for intelligence is required more by
general biological knowledge and belief in biologicsl continuity from lower animals
o man than by good information concerning human genetics. Family relationship
and other experimentally uncontrolled studies of human genetics are suggeative but
not convincing. It is difficult to believe, however, that the controlled breeding
studiea of behavioral traits in lower animals could not be duplicated with the
human {f controls were posaible. More basic te this line of reasoning 18 the
inference that any inter-species cifference will also show intra-apecies differ-
ences. There are clearcut differences between man and other primates in the
genetic aubstrace for i{ntelligence. It 18 reasonable to assume that {rdividual
wen will also differ in their genetic substrate for use ot aymbols, abatract rea-
soning and problem solving, etc.

While a biological aubstrate for intelligence i{s made neceasary by biological
knowledge, the construct can not at the present time enter into testable hypotheses
in any except the moet general fashion. Any given organiswm may have innate capa-
city for the development of his intelligence, but the limits of this are very
nebulous indeed. This capacity, furthermore, {s not necessarily fixed at a giver
level throughout the life span. There may be genetically determined differences
in the rate of maturation and of decline of the biological aubstrate that will in-
fluence individual differences in intelligence. It is safe to conclude that no
amount of training will transform a chimpantee into 8 human being intellectually,
or a Mongoloid into a genius, but present data do not sallow much more 8pecific
fnferences than theae.

Paycho-social Substrate. Por basically the same reasor. that a test user can

not draw infarancea concerning genatic causes from & test score, he can not draw
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6
inferences concerning environmental causes from & test score. Bach human being is
biologically unique. Two different biological organisms de.eloping in seemingly
identical environments will acquire different intellectual repertoires. Identical
biological organisms developing in dlffergnt environments will also acquire differ-
ent intellectual repertoires. It is also true that similar repertcires can resuvlt
trom different mixes of heredity and envizonment. It is useful, therefure, to
define a concept parallel to the biological substrata: naxely, the psycho-social
substrate. The psycho-gocial substrate for intelligence ia just as {mportant as
the biological substrate, but 15 almust 2qually dlfficult to assees independently.
Furthermore, the two are by no means orthogonal. Piobable genetic differences
among social classes, for example, accompany psychossocial differences.

It was stated earlier with respect to the biologicel a=bstrate that only the
most general sorts of inferencea could be drawn legitimately, The same 18 true
concerning the psycho-social substrate. 1f & man were raised in isolation, his
intelligence would be very low. Quasi experimental spproaches to this condition
are furniehed by canal boat and gypsy children (Ansstasi, 1958). It is alao
probable that one could increese the quality of the psycho-sociel substrate with
xespect to developing intelligence and obtain an increase in intellectual level,
Lut relatively little is known experimentally about this matter. Again, & quasi
experimental approach to this problem is furnished by the compsrison of intelli-
gence of World War I and World War Il drafteea (Tuddenhaw, 1948) and of the World
War II and 1963 norms of the Air Force Classification teats (Tupes and Shaycoft,
1964). The results are quite dramatic. Between the two World Wars, the increase
smounted to approximately one standard deviation of the World War I distribution
while subsequent to World War Il the increase appears to be about one-half of a
ttandard deviation.
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In sumvary, responss icquisition requiree bo:h a biological (including
genetic) substrate znd & psycho-social substrate vhich {nteract throughout the
life span. Responses are acquired, and lost, during developmant, maturity, and
decay. 'he tast user can not draw specific inferinces from a8 svbject's test
scora about either of the tw> substrates.

Iypes of Behavioral Repertoires. A distinction is drawn trasi:.ionally between

intelligence and achievement tests. A naive statarent of the difference is that
the intelligence test measures capac’.y to learn «nd the achizvement test weasures
what has been learned. %Bui {tems in all psychological and educational tests
maasure acquired behavior. The measures of even the simplesc sensory and wotor
functions require a backgrournd of learning i{n order for the examinee to understand
the directions and to provide answers.

A statement that recognizes the incongruity ¢f a behevioral measure as s
measure of capacity is that intelligence testa contain items that all examinees
have had an equal opportunity to learn. This stalement can be dismissed as false
on {ts face. The psycho-social substrate is simpiy not equal for all. Opportunity
depends on the characteristics of father and moth:r, siblings, other relatives,
friends, the nefghborhood, the schools, and cther environment. There is no merit
in maintaining a fiction. There {8 8l80 no merit in belaboring this fiction as
an argumcnt against the use of taests.

Intelligence is herc defined as the totality of responses available to tha
organism at any one period of time for the solut:en of intellectusl problems.
Intellectuai {6 defined by a consansua among psy:hologists. The intelligence
test sauples the responees in the subject's reperhclre at the time of testing.

So defined, there are no differences in kind betunen fntelligence and achievement,
or between aptitude and achievement. There are instead three dimensions appro-
ERIC
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priate to the description of tests and the repertoires they sample (Humphreys,
1962). There are quantitative differences among different types of tests on
these dimensions.

1. The moet i{mportant of these dimensions is breadth. An intelligence test
is much broader in coverage than individusl achievement tests. Concurrent corre-
lations between intelligence and achievement in a specific sudbject matter are
» quite high, but far from perfect. When a number of achievement tests in different
subject matters ar2 administered, thus achieving greater dbreadth on the achieve-
meat side, the total score obtained from the test battery is very highly correlated
with measured intelligence. As a matter of fact, this correlation is about as
high as the intercorrelations among recognized tests of intelligence.

2. A second dimension of difference (s the extent to which a test is defined
by a specif{ic educational program. The achlevement test I8 tied to a particular
academic curriculum while the fintelligence teat samples both learnirg in school
ard out of school. An achievement test muint be revised when the course of study
changes while an {ntelligence test is wore independent of what {s being taught {n
a4 particular school at & particular period of time. The peycho-social substrate
for the achievement test {6 more narrowly defined.

3. A third dimensfon of difference f{s ths recency of the learning samplead.
The achievement test mezeures recent learning primarily while the intelligence
test sanples older loarning. Thue 8th grads arithmetic {s & psrt of the "apti-
tude" section of the College Board teate and high school algebra is tapped by the
"aptitude' sectfion of the Gracuate Record Examination, but similar questions
sdoinistered in the 8th or 9th grade would be achievement items.

The use of aptitude requires additional clarf{fication. The term is used

commonly for one of the components of general fintelligence as well as for an

¢ O not coneidered a component of {ntelligence. The former fe the sense of
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9

ite use by the College Board and the Graduate Record Examination. Aptitude is
also used at times in a very general sense to include both intelligence and non-
intellectual abilities. No matter how used, however, there is no problem in
fitting aptitude into the present analysis of differences among test {tems and the
behavioral repertoires they sample. When used nsrrowly, aptitud2 and intelligence
teats differ on the first dimension, but not on the second and third. Both apti-
tude and achievement teats would be classified as narrow, but an aptitude test in
contrast to an achievement test assesses older learning tkat is not restricted to
the clasaroon.

The dimenaional analyais is useful in indicating why there is confusion con-
cerning the proper category in which to place certain tests. Just because differ~
ences among test iters g.e quantitative and not qualitstive, it {s possible for
cne man's intelligence test to be another man'sz achievement test. Thus Jensen
(1968) categorizes the National Merit Scholarship Examination as an intelligeace
test, but precisely the same ftems are used in the Ilowa Tests of Educational
Develcpyment for asseesing achievement. Frequently, the distinction between
achievement and fntelligence (cr aptitude) tests is stated in termc 0% the purpose
for which the test is used (Wesman, 1968). Purpose is independent of type of
ftem, A test used for the prediction ~f future performance is called an aptitude
tert white the same test used to evaluate lecarning ie called an achievement test,
Thus, there 18 no conflict between the present definition of intelligence ard the

types of items used in measuring schievement and aptitude.

Contributions of Learning to Theory. Several different well eatablished
principles of 'earning contribute to the theory of intelligence being devaloped.
The principlen that sre most useful are Vfry broad and are also independent of the
ngancea of varioue¢ lesrning theories. They might ba said to be within the nublic
(8
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10
domain of accepted psychological knowledge.

1. One of the most important principles of learning for the developwent ofi
intel)i ence 1s the presence of an intellectual psycho-social eubstrate. No one
can learn to use abstract words.who hLas had no contact with language. In the
achool the paréllel principie is that of curriculum. A student will not acquire
mathematical knowledge and skills who has had no exposure to mathematics. Note,
furthermore, that 4t {s exposure, not adequacy of exposure, that is the issue.

In experimental attacks on type of exposure, type makes little contribution to
variance. There are many cases also in which the expusure was highly ideosyncratic,
¢. 8., Abrahsm Lincoln studying by fire light.

2. There must be motivation cr incentive to learn. Motivation may be positive
or negative, intrinsic or extrinsic, but must be present in some form. This
statement of principle {s intended to avoid an {ssuc important in the psychology of
leai.s.ng. While reinforcement for some theoriste is an easential part of the
mechanism of learning, for others reinforcezent ie necessary for performance but
not for learning per se. Nevertheless, all theorists acknowledge the importance
of motivation for increased effectiveness of performance. Latent or incidental
learning may exist, but it {s very fnefficfent, and motivation is required for
per formance.

Given the fact that children differ in the type and degree of nmotivation for
fntellectual learning at a givan moment in time, what f{s the source for these
differences? There are sgain biological and psycho-social substrates for motiva-
tion s» well as for intelligenca. In this case the psycho-social substrate in-
cludes both the reinforcement history and current situational factors. In the
absence of ability to msnipulste the genetic substrate, for one who i{s interested
in changing the course «f future learning the neceesary procedure f¢ to control

ERIC 13
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11
type of exposure and to r¢inforce the behavior desired.
3. VPForgetting is very slow for well learned or overlearned behavior. Given
occasional rehearsal of lesrned hshavior, practically no forgetting occurs. This

means with respect to the developmant of intelligence thaE‘tQ:}lntellectual

repertoire continues to grow as long as the subject remains in an fptellectusl
environment. This environment does not need to be an academic envirdgment since
an educated man cast away on an uninhabited {eland with & set of encyclppedias
could still remain in an intellectual environment. There will be so iittle loss,
in comparison with gain, for students during the school years that loss can bz
disregarded. For purposes of assessing the gain a total score uncorrected for
differences in chronological age must be used; i, o., mental a3e units are ade-
quate, but intelligence quotient units are not. With respect to the latter a
person who does not show as much growth ss his fellows will show a loss in . Q.

4. Transfer of training takes place typically within 8 domain that the wan
on the street would consider quite narrow. In general measured transfer turns
out to be less than nonpsychologists assume will be the case. For the development
of intelligence this means that a great msny relatively specific learnings have
to take place. Primates can develop learning sets, but Harlow's monkeys learn
relatively narrow sots (Harlow, 1949), e. 8., the odd stimulus among a set of
three. It takes esch monkey a relatively large number of trials to acquire esch
such set. While the human brings to the learning situation a different and move
efficient constitutional rubstrate for the acquisition of learning sets, or con-
copts, than does the monkey, it is still necessary for the human to acquire a very
large nuaber of these within the intellectusl domsin. {(The number of these {n the
human {s indicated roughly by the sire of his comprehensive vocabulary.) wuhile
he does not hsve to acquire separately and individually each specific tresponse

Q
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12
that psychologists would lable intallectual, even the number of tearning aets or
generalization tendenciea fa very large so that a great deal of time {8 required
for the learning.

5. Transfer {s not only fairly narrow, but it can also be both posfitive and
nepstive. Proactive inhibitfon {s juat as tmportant as proactive facilitation.
Or, to revert to terms that are more common {n the literature of {ndividual dif-
ferences, a person can as readily asquire a disability as an ability. Certain
disabilicier are quite stable and quite resistant to change. Thus every person
acquires to a greater or less degree a disability to speak a foreign language
w thout accant. Few adults are able to overcome this disability. There are a
very large number of items in the intellectual repertoire and each of these has
both posftive and negative effects on future response acquisition,

Contribution of Biology to Iheory. Again, only the most general principles
will be described. Unfortunately, the number of principles and their specificity
in this area are not as directly pertinent to the development of fntelligence as
are the principles of lasrning. This arisea because of the difficultiea attendant
upon doing controlled experimental work on the functioning of the human central
nervous system and upon human genetics.

1. The companion principle to the firat learning principle ts that the sub-
Ject must have a oinimally adaguate biological substrate. Persons ahowing the
lowest levels of intelligence typically hzve biologically {nadequate organisms.
Children with phenylketonouria, Mongolism, cretinism, etc. will not be able to
acquire intellectual behavior at & normal rate. Their capacity to learn is not
well defined, and can be draatically underestimated, bur capscity is none the less
limited by their biological limitations.

2. The important distinction between phenotype and genotype is meaningless

QO ess there is independent assessment of the genotype. A diagnoeis of genetically

15




13
determined feeble mindedness from a test score is not>poaalb1e. The combination
of psycho-aocial and biological substrates leading to performance at the moron
level may differ widely from one person to arnother who test at that level. It {a
veeful at this point to repeat the injunction presented earlier: namely, {t is
imposaible to draw causal implication# concerning any aubstrate from the test
score alone.

3. Bach human being ia blologically unique aa a function of the number of
chromoaomes and number of genes in the genetic substrate and the large number of
biological effects of evente in the prenatal, perinatal, and postnaial environ-
menta. It is not even necessary to exclude monozygotic twina in making this
statement, although the uniqueness of genotypes muat be discarded for such twins.
In spite of the uniqueness of genotypea, it 18 also true that there is a cluster-
ing of sorts among genotypea. This arises from the partiasl segregation of gene
pools in sub-populationa of the human species,

4, The biological substrate for intelligence includes a very large number of
specific anatomical atructures, physiological functions, and biochemical agents.
It {s highly probable that there are genetically determined individual differences
in each of these and that these individual differences are for the most part inde-
pendent of each other. The characteristica of all synapses {n a piven organism
can probably not be determined from those of 8 particular synapse, or the char-
acteristics of one ganglion in u given organism are not those of all ganglia.
There are also poesible a multitude of environmental effects on the biological
organism that start at the moment of cunception and extend throughout the life
apan,

Developmental Principles. There are at least two important principles for a

theory of intelligznca that can not be clearly distinguished as either iearning
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14
principles or biological principles. Both maturation and learning are presumably
involved.

1. A person's present behavioral rapertoire is an imperfect predictor of a
future repertoire. This principle has been well documented by Fleishman and
sasociatee for motor learning (1954, 1455, 1960). Barly trials s1¢ not correlated
nearly as highly with later tri{als as adjacent trials are to each other. For
the intellectual repertoire the principle has been aubstantiated by Anderson (1940)
and Roff (1941). Thesc latter i{nvest.zators found that gains in mental age from
year to year were independent of the base mental age at the start of the year.

There ia ample a priori rationate for this principle. There is a great deal
of seeming randomness in anyone's environment which will affect the psycho-social
substrate and even at times the biological substrate for intelligence. The school
a child attends, the particular teacher 1o whom a child happens to be assigned,
the particular peer group he happens to become intimate with, the characteristics
of his parents and aiblings, accidents producing nervous aystem injuries, ill-
nesses leaving neurcl defects, all of these impinge on the developing organism and
interact with hia current astatus. Such influencea, e&. g., characteristics of
parents and sibs, are only partially correlated at best with the charscteriatics
of the chiild. This means that motivation to learn fluctuates somewhat unpre-
dictably and exposure to various kinda of learning is somewhat unpredictable.

Both lead to unpredictability of future learning and thus to an uncertain future
repertoire.

Biological development also does not procead a: the same rate for all
structuces nor for all individusla, Those¢ who srrive at sexual maturity early
tend to be taller than their aga nates at that time, but achieve shorter adult
height. There is a possible genetic basis for differential growth rates that
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would account for reduced correiations betwean present status and future develop-
ment. Thus it is not possible to rule out unevenness in biological development
as at least a partial cause of the findings of Anderson and Roff. There is8 a
seeming randomness in both the biological and psycho-social substrates that leads
to imperfect predictions of future status.

2. Desirable human characteristica tend to be positively correlated with
each other. This principle is particularly evident in unselected samples from
the entire population, For example, in an American or Western European population
the correlation between height and intelligence is approximately .25. There is
evidence (Husen, 1959) that this relationship 18 not genetically determined but
that it may be determined prenatally. As another example, the ability to make
simple perceptual discriminations is positively correlated with general verbal
knowledge. Some of these poaitive correlations may be determined genetically,
some Ly the psycho-social environwent, and some by biologicsl ‘'accidents.” What-
ever the explanation may be, however, the principle {s importsnt for a theory of
intelligence,

Summary. This chapter Introduced n behavioral definition of intelligence
that goes beyond the simple statement that intelligence 18 what intelligence tests
measure. The behavioral repertoire thst is called intelligence snd that is
sampied under controlled coanditions by intelligenca tests, develops out of
biological, including genetic, and psycho-socisl substrates, but without indepen-
dent assessment of these sulstrates it is not possidle to make inferences about
them from a8 test score. |

From thie definition 1t follows that there ara no qualitative differences
arong {atelligence, aptitude, and achievement, but there are quantitative differ-
ences along three separate dimensions. These are the breadth of the repertoire,
ERIC
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its age, and {te tie or lack thersof to a specific educational experience. From
these defined propertivs of ths concept of intelligence and from some very general
principles of learning, genetics, and development, teatable hypotheses can be

derived. These are presinted in the next chapter.
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HYPOTHESRS DEVELOPED FPROM THI! THEORY

Hypotheses derived from the theory are presenti(d in this chapter. The
deductions are not tight bacause the theoietical ststements are not quantitative.
Guantitative statements can coma only from more and better data, and the rigor of
the deducticns is not importent if there is a consersus that the conclusions do
indeed follow from the theory. At eny rate, the check of theorem against data is
the conclusive step in the enterprise.

It {1 obvious that meny of the hypotheses are circular; 1. e., the theory was
derived from the dats concsrning intelligence tests &nd the nature of intelligence
tests, and the "tests' of the theory had known outcines at the time the hypotheses
were derfved. Certain onas repressnt predictions from the theory for which data
are not available, however, and consequently rapresant better checks on ita
adequacy.

Three important classee of hypotheses will te discussed. One class includes
effects on mean performance of groups. A second c.e83 includes effects on sta-
bility of individual differencea. The third class includes predictions or con-
current inferences made from intelligence tests. 3cth of the latter classes in-
volve effects on correlations, but in the second class the ernjhasis is on the
stability of intellectual perfoxmances while in th» third class the emphasis is on
generality,

Mean Performance of Groups. A fsw of the hypirheses that follow from the

theory are almost trivial, but are worth sta:ing as an antidote t. common psycho-
logical and lay thinking concerning the fixed naturs of intelligence. It must
also be remembercd that changea in means will be represented by arbitrary scales
of measurcement with a mean and standard deviation bassed upon the performance of
some reference group. Change {u expreseed in age or grade units, or in standard
scores within age or grade groups.
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When dJdala are used to support hypotheses in this srea, it must also be recog-
nized that experimental controls are frequently lecking. Statistical control in-
volving some variant of the partial correlational technique such as covariance
analysis is never a complete subatitute for the control obtained through random
asaignment of subjects to experimental groups. For oane thing, measurement error
reduces the accuracy of statistical control. Faflure to measure ai. iwportant
component of variance i1s & sacond source of inadequate control. It is also possible
to control too much variance statistically and, as it were, throw the baby out with
the bath. Partialling reading comprehension mcasures out of relationships in-
volving intelligence tests would be considered suspect Ly most investigators.

There would be more dibate concerniag the partislling out o{ a wessure of soclo-
economic status from those same relstionships. The presence of debate and the
lack of objective answers on such issues indicates all too clearly the harards
involved. The lack of experivantal control does not mean that research work
should cesse on important problems. It does mean that a céreful investigator will
be modest with reaprct to the conclusions he draws from his data.

1. Change will occur. The evidence here was referred to earlier. Isolated
and depr’- ad groups show progressive declines in intelligence. The population of
the United States, as evaluated by military tests, has shown a progreasive
increase {n intelligence. Scottish children batween 1933 and 1947 showed an {n-
creane in intelligence, as measuved by the group test administered on both occa-
slona (Scottish Council for Researsh in Educetion, 1949)., After equating the
1916 and 1937 Stanford-Binet individual tests vy an i{nadequate methodology, how-
cver, the original inves-igatcrs concluded ttat 'real' intelligence, 1. e., thut
wenaqured by an Lndividual test, had not risen. The present writer using published
data and a more ndecquate methodology (Humphreys, 1970) has shown that the
ERIC
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individual test results were almost completely parallel to the group test results.
The Scottish guin 18 not aa large as the American gain, but the Scottish retest
occurred immediately after the close of World War 1I. The children tested h.d not,
by any means, had a normal Scottish educational expirience.

2, Measurnble changs will occur only with tho expanditure of substantial
effort. The literature concerning tha sffects of varinus educatlo;al'methods is
pertinent here. Tcaining experiments lasting up to one semeéter and involving an
hour or less per day have little differential effect on performance. The effects
of brief cramming or review sassione prior to taking an intelligence f{or college
cntrance) test are consistently very small, Nationwide testing program sponsors
advise students that cramming will do little good. Yet when a8 young man attends
a preparatory academy ful’'-time for a year, thea increase in scores on tests of
the College Board averages approximately 100 points on the three-digit scale
{Marron, 1965). Data for the ssparate tests are presented in Table l. Marron
slso found that some preparatory schools produced greater gains than others, but
no attempt was made to explain these differcnces.

Consue figures show that the educational level of our population has risen
in cach decade. These figures reflact a very substantial additional educational
effort over the years between the two World Vars and rmay well be a primary causal
factor in tho measured increase in intelligence over that same period. Further-
morce, there has been some decrease in the growth rate of years of formal educa-
tion since World War 1I, and thare has been & corresponding decrease in the growth
rate of intelligence.

3. For a given levol of effort there will Le greater effects on young chil-
dren than on older children. Growth curves of intell.,ence aw a function of age

certalnly do show decreasing returns with fncresse in age, Lut this finding is not
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quite to tha peint with respect to the application of special efforts to facili-
tate growth {n intelligence with different age groune. There is also a problem
with vegard to the units of messurement used since there {s a general consensus
that either mentai or educational age unite decrease in size with increase in

i chrowological age. 1If change were measured in these units, empirical findings
would almost certainly te the reverse of those expected on the basis of the
hypotheeis. Change muet be measured, therefore, in relative units such as standard
score or claaeical intelligence quotient units. If the problems involved in the
measurement of both effort snd intellectual growth ave solved, however, it should
be easier to obLtein change when the rcpertoire is emall thsan when it ie large.

'4. Changes in intelligence are a function of the kind of {nterveiing educa-
tional experiences. Bxposure to the treditional academic curriculum, with atten-
tion to the problem of the learner's motivation, should be effective in producing
change in intelligenca. Techniquee of instruction conducive to the formation of
learning sete and generalieation tendencies should also be effective in producing
change.

A good many yesrs ago, Lorge (1945) published data on the relationship
bLetween retest gains on an intelligence test ard intervening educational exper-
tence. There are also good recent data published by a Swedish investigator for
changes tetween 13 and 18 (Harnquiet, 1968). Since difforent tests were used at
the two age periods, Harnquist ob%eined canonical composites. The major comprri-
aons involve the first canonical composite which has reliabilities of .943 and
952 for the initial and final neasuras, respectively. The metric differs ou the
two occasinns, however, with the i{nitial standard deviation being 10,10 and the
final 8.37. There may bo a small ceiling effect on the finsl csnonical comoosite.

Table 2 summarizes two of Harnquist's estimates of gain {n the major educa-
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5
tional groupings suggested by him. Alsoc included are data for regressions of scor:s
tased upon the eatimated within groups reliability of the cancnical composite com-
puted by the present writer. Keraquist concluded that the gains computed from

scores regreesed in accordance with the estimated "true' etabilities of the tests

were probably most valid. Gains based upon differance scores corrected for differ-
_onces in metric represent the most consarvative estimate of gain. Gains computed
from estimated reliabilities are intermediate.

The present writer has little confidence that he has the last wurd on the
most appropriate method of estimating gain from these data. It does not seem
reasonsble to use stability coefficients, either obtained or corrected for errors
of measurement, aince the exparimental conditions affecting the means also pre-
rumably affect the stabilities. On the other hand, something other than correcting
for a change {in metric is in order. The {ntermediate values based upon reliability
are nore conservative tha: those based upon stability of wmeasures over time. By
ony method, however, gains are differentially associated with the amount and type
of intervening education. While gains for the higher groups may be somewhat
attenuated by toe ceiling effect, it is also evident that the differences among
Rroups are not spectacularly large, snd there is much overlap. Many other factors
teyond formal schooling are obviously involved. Since subjects were not assigned
to groups 2t random, caution is-.also indicated concerning sttributions of causc.
Any laboratory snalogue, on the other hand, must be considerably lees realistic
than the present ''experiment" which lasted for 5 years.

9. For intellectual grivwth there must be a continuous supportive psycho-
rovinl substrate. There {8 no magic key or no critical time for intellectusal
«timulatica. Temporarily succsseful Head Start type programs will not be success-
ful In the long run {f the children {mmedistaly revert to the prior psycho-social
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eavironvent. There must be continuing exposure and continuing effort. The cx-
posure can be readily manipulated by the society, but the effort required is that
of the learner. Social effort that does not affect individual effort will not

pay off. Current evidence concerning these issues is almost entirely lacking, but
the obtaining of such evidence 19 one of the most critical research issues of our
time. It is also & difficult research area.

6. Change is slower for intelligence than for more narrowly defined abilities.
Intervention in 8 narrow sres will produce more rapid :nd larger amounts of change
than intervention in a broad area. Differential gains on the so-<alled aptitude
and achievement teste of the College Board resulting from prepsratory school
cxperience are relevant. ‘“(sble 1 presented esrlier showed that there is greater
goin in English and in Mathematinrs achievement than in Verbal or Mathematical
aptitude.

7. There will be 1ittle decline in intellectual performance in the absence
of clcarly discernible biological deterforation. Since there {s tivtle forgetting
ol overlearned and continuously practiced skills, the repertoire should not shrink.
Older data scemingly contradict this statement. The more recent and better con-
trolled research, however, indicates thut the well documented decline is the
resull of fallure to control (ntergenerational dl!fereﬁcea in intelligence. Older
research was entiioly cross-sectional. Cohorts of different ages were mecasured
at the same point in time. The more receni data (Schaie, 1965) involved measurinp
diffcrent cohorts at the same point I[n time, but an sdditional test administraticn
uaa required of the same cohorts five years later. The analyais of vartance
allows one to cst.mate cortridbutions to varisnce of age cohoit and of aging with
the result that the former is found to make tne mafn contribution. A reonalysis
of the same data by Wachwite (1970) shows this phenomenon even more clearly.
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3. The educational practices of a society will have an effect on the age at
which intelligence levels off. Por example, pushing up the age limit for compul-
sory education ahould increase fntelligence. It ims of interest, in this connection,
that the 1960 revision of the StanfordeBinsat accepts the reality of mental growth
for people in general to a higher age level than earlier editions of the test.

The change in occupational patterns from a concentrstion of persons in manual labor
to an incraased proportion in more intellectusl occupations should have a positive
cffect also.

9. There are mean differences in intelligence among groups defined demo-
graphically. This proposition {s one of the best supported in the psychological
literature. With the exception of sex differences on certain tests which were con-
structed to minimize such differences, all sorts of demographic varialles show
differences on intelligence tests without resort to Ns of astronomical size. Race,
section of country, rursal-urban, location, education of parents, education of
examince, school attended, level of teachers' salaries, etc., etc. all show
differences. Interpretation of these differences is snother matter, however.

With adequate experimental controle an analysis of variance design could lead to
cetimates of percentsge contributions to varifance of psycho-social and biological
substraten for the particular fixed levels of the indepandent variables studied.
Results from a fixed variable design would hardly qualify as earth shaking in
their implications for the heredity-environment isecue, but in the absence of
cxperimental controls conclusions with respect to percentage contributions are
botter characterized as meaningless rather than ss limited in generality.

10. Among adult representatives of groups demogrsphically defined £t will be
difficult to overcome oxisting differences. This proposition is independent of
the attribution of degree of importance to psycho-social and blological substrates,
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8
or within the latter to genetic versus acquired biological differences. Psycho-
social deficits are not quickly and easily compensated for. Change takes place
slowly.

11. There will be genetic differences among members of demographically
defined groups whenever the definition of group accompanies some degree of segre-
gation of gene pooln. These differences will vary in size and sign of the differ-
ence from one of the very large number of biological characteristics to another.
To take & concrete example, Negroes will be superior tv Caucasians on some char-
acteristics, infevior on others. The summation of the effects on developing in-
telligence from the entire gamut of blological characteristics will also show a
race difference, simply becaues it fe inconceivable that the algebraic summation
of the effects of a very large number of partially segregated indspendent causal
factors would be vero. On the basis of present data it is not possible to specify
cither the site or sign of this overall difference though it is certainly smaller
than present observed differences in performance.

12, The selective breeding experiments with lower animals, such as those by
Tryon (1929, 1940) could, with adequate coutrols, be replicated for high and low
intclligence groups in the human. While this experiment will probably never be
done, and with good resson, it is still uscful to suggest the hypothesis. <
summary of the controle necessary to reproduce the resultes with lover animals
servea to make explicit the fallecies in the thinking of those persons who plgce
great weight on social class or caste {n human society.

‘the experiment starts with upper and lower groups of subjccts selected from
the tails of the distrilution of intelligence. High subjects arc wated only with
high and low with low; all aversge subjects from the first gencration are discard-

¢d. Subjects in the rext generation asre agsin massured and offspring who do nut
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meet the standards of their parents axre ruthlessly discarded. /fter about a dozen
generations of highly selective wating and discarding of unwanted offspring, rats
show two distributions of mate running ability with very little overlap. The
genetic substrate for intelligences in the human 10 probably more complex than the
' genetic substrate for mare running in the rat, for one thing there are more
~ chromcsomes {n the human, so that many more than 8 dozen generations would be
required to separate bdright and dull groupa an equal amount in the human.

Since the r.2cessary conditions for the experiment are so greatly at variance
with human breeding pstterns, sven in relatively highly stratified societies,
there {8 no juatificetion from this hypothesis for an aasumption of large, fixed
differences in genetic substrates among existing social classes 2nd for the use of
this recasoning as a basis for a highly stratified class society. For example,
there {8 a common aaying among conservatives that any revolution that abolished
existing social classes would aoon result in their reestablishment. While this
recms to be true historically, end while {t is reaaonable psyctologically as well,
it overlcoka two {mportant factors: the new superior class would be composed of
different people than the vld, with mauy coming from the loweat social class;
and the offspring of the new class would be {nferior to their parents, just as the
present clasa that currently i{s {n a power position in a highly stratified
soclety {8 inferior to thelr pacents who were in turn {nferior to theirs. That {s,
without both selectivity in mating and tho ruthless discard of inadequate off-
spring, an tnitfnl genctic difference Lntween persons of high and low achievement
wlll Jdiminish progressively in their descendsnts.

Stability of Individual Differences. Hypotheses in this area are mainly con-

cerncd with changes in the cank ovder of individuais over time. Time {s not, of
course, the effective varfavie, but i{n the absence of control »f type uf experience
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or growth time i{s the appropriate dependent variable. Research tha< will pin down
the factora that occur in time that produce the instability should have very high
priority.

It will also be noted that many hypotheses are parallel to those in the m=2an
performance of groups section. It seems resasonable that changes in rank order of
{ndividual differences will accompany changes in the mean status of groups.

1. Stability coefficients will always be smaller than relianbility coeffi-
cienta, Change is inevitable. While this generalization will be modified in
subsequent theorems by such variables as age of the subjects, awount of tfme in-
volved, and intervening exporience, raw change ia the primary phenomenon. [t is
a phenomenon, furthermore, with which psychologists concerned with prediction have
not dealt {n any systematic, comprehensive way.

2., Stability over time is & funition of the age of the subject. With in-
creasing nge there is greater stability. This follows from the increasing size of
the intellectual repertoire with increasing age and the relative size of increments
to that repertoire as & functiru of age. John Anderson phrased the principle in
cerms of the churacteristics of the part-whole correletion, assuming that incre-
ments were uncorrelated with the base at the beginning of the period. (hile his
data were congruent with the lattar assumption, It is not neccessary to make that
assumption i{n ''deriving' the hypothesis. A correlation between increment and base
that is lower than unity after correction for attanuation ia a sufficient condi-
tion, Some degree of unpredlictal.ility of future learning or development is
1equired, but not completen urnpredictabiliry,

It is well known thst correlations batueen infant and early grade school tests
nf intelligence are approximately zero. This has traditionally Leen explained as
due to a difference in functions messured by tests at the two time periods. This

Q
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explsunation is unneceseary aince changa will tske place rapidly starting with the
very small infant repertofre. Tha data are almost precisely what would be pre-
dicted 1f the teats were measuring the nsme function. The only discrepancy between
prediction and actual outcome, {f it is real ia the sampling sense, {8 between an
expected small poattive correlation and those obtained (Bayley, 1949) small
negative correlation.

The degree of inetability of intelligence and the increasing degree of sta-
Lility wich age, ars well shown {n the intercorrelations of mental ages obtalned
in the Harverd Growth Study. Data for boys are shown in Table 3 and data for
firls in Table 4. One can aleo see in these tables some evidence for a perfod
uf i{ncreasing fnstabilfcy around the perioi of sexusl maturity. This secondary
finstability appears earlier in the data for girls than for boys.

3. Instability over time is as characteristic of physical traits as of in-
telligence. While there 18 a psycho-social subatrate for height and weight, {t is
reasonable to believe that the genetic subatrate for height and possibly weight is
relativaly more {mportant than for intelligence. Change in these characteristics
la shown in Tablos 5 and €. Height {s clearly more stable than weight and both
are more stable than intelligence, but all show the same pattern of intercorrela-
tiona.,

4. The amount of instabfility is a function of the amount of time between test
and retesr, holding ago constant. The continuous addition of uncorrelated or lowly
vorrelated Increments to an fnitfal Lase results in more and more change in the
ronk order of individuals with the pasnsage of time. Dats previously presented in
Tables 3 to 6 confirm this hypothesis.

5. Change is more rapf{d with nariow than with broad functions. Other thinge
hntyu egial change should be more rapid in verbal or quantitative ability alone
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than in intelligence, A prime exemple of thie hypothesis is the learning of a
motor skill. The intercorrelations of triale, or blocks of trisls, all obtained
during a single learning session, ehow the same pattern of instability found for
intelligence and height over & period of several years. Changes in the rank order
of {ndividuala obtained in the couree of half a day for & very narrow, rapidly ac-
yulred disposition are compsrable to those obtained over a period of several ye:rs
for a much broader, more slowly acquived dlspostt161. '

Stability coefficients for the College Board fests for the period from Septem-
ber to March were presented in Table 1 along with the gains made by students in a
preparatory school. The aptitude tests ahow greater stability than the achievement
tests. The former sample broader and older repe:toires than the latter.

6. Change is & function of the intervening psycho-social substrate. With
reapect to intelligence there should be more change in individual differencea for
atudents in an academic curriculum than in a skilled trade curriculum. There
should be morce chsnge among 8 group of profesrional men than among a group of
skilled workers. Change should also be dependent vpon avocational interests. In
general, the greater the opportunity to add :o the intellectual rapertoire, the
greater should be the shift of individunl dffferences ¢s a function of the amount
of time the cxposure continues.

Harnquist (1968) presented regresaion coefficlentn for the several groups
of aubjects studied, but with stsndard devintions made available (1969) these can
be converted to correlations. The within group correlations for the four major
cateporfes of type of education are prosented in Table 7. Withln group standard
devintions are also ehown. The results are in the expicted direction, but they
are also equivocal., The two groups whose experience hie presumptively been less
ncat;m(c have {arger gtandard deviations which might alone produce the higher
ERIC
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correlations obtained. There is, however, no applicable correction for restriction
of range of talent.: An interpretation involving restriction of range of talent,
on th: other hand, depends upon equsl units of measurement in the several parts of
the s:ale which the possibility of & celling effect makes suspect. Again, as with
the man gains, {t can be said that the differences are not dramatic and that better
control of intervening experience than that afforded by type of schooling will be
nocesrary to teat the hypothesis more precisely.

. Degrce of incentive to lesrn or strength of motivation presunt in a group
vill be positively associated with samount of change. Students in a highly competi-
tive ucademically oriented educational institution will show morc change in rank
otder of individual differences than will students in 8 more placid environment.
it is possible that persons in a free, fluid society will show more cheuce than
persons {n a highly structured aociety in which position is dependent ¢+ : i..5s or
cAaste,

There appears to be no available evidence concerning this propositivn. On
an anccdotal Lonsis, therc may be more early stars that crash, and studcuts that
Uloom late, at colleges such as Read and Oberlin than in state colleges. n
lnvestigatuor would, of course, have to cuntrol range of talent for any work in
this area.

There arc data on amvunt of change in rank order of grade averages iv ¢ large
state university over the four year time apan (Humphreys, 1968), bLut theis are
mesently w comparative data frum other types of institutfons. The shccr amount
«1 change [s sufficiently impressive, however, to give inferential supp.it to the
‘heorem.  Intercorrelations of {ndependently computed semester averaijcs ar¢ shoun

n Fable 8. It can be inferred that the changes {n grades parallel, t» = ¢xtent

At least, changes in measured academic abilities,
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8. The stability of individual differences in intelligence from person to
person among & set of related persons 18 nongzero, but less than the reliabilities
of the measures. This proposition, furthermore, follows from the influences of
both the psycho-social and bilological substratss, All substrates are involved in
determining individual differsnces in intelligence and, except for monozygotic
twins for whom there are no genetic subatrate differences, all substrates diffet
among sets of related persons. The much discussed regression from parest to child,
or from child to parent, for exemple, depends upon a finding of less than perfect
corrclations between parcnts and children 2nd nothing more. Attribution of cause
te the genetic substrate without independernt assessment is barred here just as {t
{[s tn interpreting the I. Q. of un individual, Parents and children have different
childhood environments, the children themselves have different functionsl environ-
wents within the family, and different genotypes may interact with similar environ-
ments {n a very dissimiiar feehior.

The genetic {nterpretation of family resemblances does have onc advantage over
an environmental {ntexpretation in that the degree of resemblance expected can be
set with at least a modest degree of precision. The degree of precision must be
called modest, however, because for paychological characteristics there is some
degrec of assortative mating, and th. heritability coefficient is iess than unity.
[nformation is lacl.ing as to the number of generatiols of assortative mating there
has been and vhether the same degree of resamblance between parents held in times
pant as in the present. Fstimates of heritability of i{ntelligence algo vary from
about .40 at the tup to substantially lover values. By fixing either the genctic
correlaudon, arlsing from assurtative mating, or the degree of heritability,
hypatheses Involving a range of correlstion coefficients can be tested.

9. Regressfon from i{nitial standing to final stoanding in intelligence is
O
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toward the mean of the identifiable subgrcup of which the individual {s a member.
For the entire range of talent, without differential intervention in terms of
interveaing experivunce, the stability coefficient for intelligence will be less
than the reliability coefficient. As a result subgroups defined by score on the
initial test will regress more toward the populetion mean than would be expe-ted
on the basis of mecsurement error slone. Different forms of intervention may
acceterate, retard, or reversa the expoctéd rygression toward the population mean
and will involve {nstead the subgroup meen,

An example of the importance of this theorem is available iu the folklore of
higlier aducatlon. It has been ssid that the graduates of superior colleges are
no more superior then they were as entering freshmen. This allegation — firm
data are lacking — 1is typically usad to belittle the quality education claims of
such colleges and places the empbusia on {nitisl selection of the student bedy.
On the hanis of the present hypothesis, however, sn institution that preventa the
expected resression is doing 8 superior educational jobd.

It would not be difficult to obtein data concerning this {ssue. The College
Boord aptitude tests and the Craduate Record Examination sptitude tests are suf-
ficiently similar that one could be quite confident corcerning equipercentile
conversions Lassd on a random sample of applicants for college admissions. Cou-
parison of pre and post test results for a veriety of types of instituzions would
then be possible. There is one diffilcult matter thet interferes with & ‘omplete
assessment: the expected regression in the populstion in the absence of differ-
ential intervention {s unknown.

The present hypothesis is intimately related to current social problems such
as integrated education and admission of marginally qualified students to college,

but the proposition is not sufficiently pracise at ths mOment to make the needed

<L
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predictions. Certain extreme cases sec¢n cleec. A merginal atudent who quickly
fails will not profit. A marginal student who ia only slightly marginal and who
survives should profit., Presumably each student should be pushed hsrd intellec-
tually, but it {s also pocsible to push too hard. Dut what is the result if the
student {s kept In a generally superfor learning environment by means of special
sections or di{ferential standsrds of evaluation?

A partial answer to some of these questions {s furnished by a reanilysis of
the data in the Coleman report (1966)., Using partial correlation techniques to
control f{or varfables such &3 socio-aconomic status, McPartland £{1969) hass shown
that integrated classrooms saemingly {ucreagse the academic perfoimance of Negroes
while integrated schools having segregated classrooms do not. Similar studies
necd to be done on the academic performance of Caucasian children in integrated
schools and fintegrated clossrooms.

The efficacy of the severs! components of a superior lesrning eavironment is
algo unknown., In addition to faculty and facilities such as libraries ard labora-
tories {t is probable that the pear group itself i{s very lwmportant. If peers are
{mportant, the important ones would be the functional peers, or the significant
pcers, not merely those who hap,en to attend the same instftution. In large
unfversities particularly there are large numbers of functional peer groups having
vary diversc¢ characteristice., Measurement of the characteristics of the functional
peera, which *stin (1965) hss done on an tnstitutional scale, should provide very
useful Lnformation,

Validitics of Intellfgence Tests. Test validitfes are usually descrived by

cocrelation coefficlents jugt as arc thz ectabiliti{s of {ndividual differcnces.
When the time fnterval lLetween test and criterf{on is the critical varisble, parallel

hypotheses result. 1In these cases hypotheser in this sectlon are presentaed with a
(4] 97
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minimum cf discuesion. HMore attention u;ll ba given hypotheses concerned with the
generalieability over content of {nferences drawn from scores on intelligence tests.

L. The extent to which predictive validitiss of intelligence tests will
decrease wich the passage of time I{s 8 function of the age of the sulbjects. With
increasing age there is lese shrinksge of tha validity coafficients.

2, The exteat to which validities of tatelligence tests will decr=ase over
time is a function of the emount of time that intervenes between test administra-
tion and the accumulation of criterion information. Prediction of college grades,
semaster by semester, would geew to ba an appropriete setting to test this hypo-
thesia. The data obtained, which show that the proLlem is more complex experi-
mentally than it appeare superficially to ue, are presented in Tible 9. The
predictive validities (Humphreys, 1968) fall off very nicely in accordance with
the hypothests. The postdictive validities (Humphreys, 1970) show that therc has
been a change {n the rank order of ytudents' academic sbilities a8 a function
of the educational experience, but the correlations for junior and senior grades
are not as high as they should be 1f only changes in abilities were finvolved.
While tha hypathesis {s supported, the amount of change was overestimated from
the presictive validities alone.

3. Vvalidity coefficients change more for narrow than for broad functions.
wechsler-dellevue Intelligance quotieats should show & less steep gradient of
validitien than a college admissions tast, slnce the Wechsler test represents a
Lroader gamut of abilities than dces the typical college adnissions test.
tmplirical support for this hypothesis can 0s obtained from the postdictive study
discussed under 2 above. Teble 10 contains a comparison of correlations letween
the "aptitude' and advanced test sections of the Graduite Record Examination and

aerenrter grades. Therc is clearly more change in the corrclations for the

O 3‘5
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narrover tests (Humphreys, ibid,).

4, The gradieat of validities over time i{s a function of the c. tent of the
intervening psycho-social substrate. There should be a steeper gradient for intel-
ligence tests in a highly academic curriculum than in a skilled trade curriculum.

5. The gradient of validities cver time is & function of the degree of moti-
vation present in the group. Sige of validities in a highly competlitive academic
inatitution will ahrink more than thrse in a more placid environment.

6. Gradients of predictive validities of inteiligence tests are accompanied
by simiiar gradients of postdictive validitiea. The gradients are not necessarily
fdentical in shape, but age, tiwe, and intervening experience will have similar
e{fects both fo,ward and backward in time.

7. 1Intelligence tests have a Lroad spectrum of concurrent and predictive
validity coefficients. The intelligerce test is Lroad, covering verbal, numerical,
flgural, and pictorial items requiring a wide range of types of responses such as
assuclation, conprehension, induction, deduction, memoriczation, etc. on the part
ol the examinece. Furthermore, desirable qualities are positively correlated.
nt. a result (t Is difficult to find a criterion measure in the full raﬁge of
talent for which an intelligence test does hot have n positive nonzero validity.

d. 1t follows from 7 atove that differential validity of narrow aptitude
tests Is difficult to estsnlish {n the full range of talent. The restriction of
ronge assoclated with passsge through the educational hierarchy affects the generat
factor primarily so that differentisl validity patterns are more readily olscived
tu restricted populations such aa college undergraduates. Validation studies in
the military cnlisted population support strongly this proposition.

9. Even though the validity spectrum {a broad the very highest validfties

arc obtaincd {n eduratlonal settings., Test content 18 more like the academic
Q
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currlculum content than that of other common learning experiences. wWithin the
educationsl setting the highest validities are ohtained with criteria that have
the most overlap in content ~ith the test., Prediction of l4iter reading compre-
hsnsfor and proficiency in arithmetic are higher than predictions of spelling
accuracy. Music, art, and athletics are evin less intellectual, in the present
sensc of that term, than spelling. Correlations with grades in foreign language
couises stressing the spoken language are also low and, by the same token, the
performance i{n foreign language trafning is not very intellectual.

10. There are many important criteria that are not predicted highly by
acores on intelligence tcets, Ar analysis based upon transfer principles is a
reliable guide to the expected sire of these correlations when test and criterion
relial{lities are held constant. For example, leadership, sales, and manipulative
criterie are not predicted well by intelligénce tests.

Psychologists have been able to raticnalize low correlations with the la“ter
two criteria, but the first has been difficult to accept. Acceptance is made
difficult by ccmmon Leliefs concerning the nature and Importance of intelligence
and the impcrtance of leadership behavior in our society. Correlations are fre-
quently computed {n a very restricted ranga of talent when lesdership is involved,
but this 18 only a partial explenation of their small size. When the same sample
of officers is sent back to school for efther officer or technical trafining,
cortelations with schoot grades become substantislly higher itan those previously
obtuined with rated officer effectiveness. In such comparisons, of course, the
range of taleat {n intelligence f{s constant.

11, Thoury {s not now and will not in the foreseeable future be an adequate
basis for the use of sn {ntelligenco test {n a new situation or with & new popula-
tion of examinees. Accurate use of & test requires a regression equation or an

Q
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cquivalent actuarlal table., It is not aufficient to decide that a test will he
corrclated with 8 particular criterion. Making predictions concerning individuals
or groupa requires precise information concerning errors of cstimate, slopes of
regression lines, and intercepts of regreasion lines. In spite of some 60 ycars
of use of intelligence testa, furthermore, the amount of information required to
use teats properly ia still quite inadequcte. The common definfition of intelli-
gence as a fixed general capacity along with the ease of making inferences from
this interpretation is partially responaible for thias state of affalrs,

A case in point is the controversy concerning the use of intelligence tests
for the "underprivileged.'" Typically, this boils dowr to a question concerning
the vee of teats for American Negroes. A conaiatent finding, théugh one uot as
broadly documented as it ahould be, ia that for periods up to ainut one ycar the
same regression equation can be used for membera of both Negro and Caucastan
groups for the prediction of a variety of criteria. Within this body of data
there are some small exceptions to this generalization, chiefly with regard to
the intercept of the regression of the test on the critirion, but the sum of
thesc small intercept differences does not favor the Negro.

The nuive environmentaiist who accepts the conmon definltion of intelligence
os sume entity fuside the person may be dismayed by the above emplirical fiudings,
but they are quite rcasonable fcom the point of view of the present theory. The
intelligence teal predicts later Intelleclual performance whether that performance
te another test or a soclally deslratle criterion. it does thils just vecause both
vccaatons sample overlapping Intellectual repertoires. The amount of overlap and
the 1apidity of change arc functions of the variables previously discussed In
this chapter.

12. / neceasary empii (cal basis for concluding that low cn-the-job validi-

O
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ties, as opposed to high training validities, demonatrate that the job and training
situations are functionally different involves both a predictive and a concurrent
validity for measures of tha same disposition, A lnw long range predictive
validity snd a high concurrent validity show that the people in the sample have
changed, A low concurrent validity for an intelligence test, when the intelligence
test was highly correlated with early training criteris, 8long with a significantiy
higher correlation for a test of acme other dispositicn, is a necessary condition
for concluding that training and joL ability requirements ~re indeed different.

There have been many claims that on-the-jol criteria have little relationship
to intelligence. ‘s a matter of fact some writers have gone so far &s to claim
that this ie 2 nearly universel phenomcnonl An {mplicit essumption basic to the
claims that have Leen made to date is chat abilities are fixed. Once this assump-
tion {s questioned, the controls that no one previously considered Lecome essen-
tial.

13. Early training succesa {8 not a criterion of the degree of {mportance
that {t has assumed in test validation., The first 6 hypotheses concerned with
validity are sufficlent grounds for this assertion. In the absence of ability to
predict changea, for many selection purposes retention or turnover has many
attractive characteristics for criterion purposes. In deciding lLetween early
training success and retention as criteria questions that must be faced, among
others, are the following: how much change takes place, how rapid is the change,
how large are training coste how much capacity for training is available or can
te obtained, what are the characteristics of fast learners that slow learners
would replace, what are the differences {f any between as,mptotic performances of
slow and fast learners?

The preceding dicussion doss not presuppose that man i{s infinftely trainable
O
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or that individual men are indefinitely trainable, but in the absence of informa-
tion concerning capacity, which is not furnished by any aptitude test, one can not
stake everything on initiel trsining auccess. The only sclution lies in more and
Letter research.

14. Tha lowering of standards of initial selection for a group will result
in lower final perfoimance even though the time span between selection and per-
formance is sufficiently loug to reduce validity coefficients to near zero. This
hypothesis is based on a previous one to the effect that change within a subgroup
glven special treatment is about the mean of that subgroup rather than about the
population mean. Since the present hypothesis is a secondary one based in turn
upon an carlisr hypothasis it must bea stressed that it {s highly speculative.

Although speculetive, thia hypothesis is needed as an antidote to a different
and prolably overoptimistic inference from drastically reduced long term validity
coefficients: namely, that inf{tial selection does not matter. For example, in
the well publicized World War Il unsalected group of pilot traireea (DuBois,
1947), if training standards had been reduced in line with the input, wculd the
mean performance in the air of the group after training heve been appreciebly
lower than the performance of control groups even though correlations with on-
the- jol: criteria were essentially zero? There ars no deta concerning this

yuestion, but it should have high priority in an applied research progrsm.
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TalLle 1

Gains on College Board Scores as a Funciicn of Preparatory School Attendance

Scor:: N September March Gain Stability
% s 3 s Coefficient
Verbal A)titude 714 471 - 89 528 85 57 .81
Mathematica
Aptitule 715 532 99 611 9% 79 .83
Engliah 649 458 82 540 93 82 .69
Inteo:v.aediate
Yatherotics 610 497 89 629 100 132 .76
Advancea
Mathematics 251 4%4 85 620 96 126 714
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Tadble 2

Guin as & Punction of Type of Intervening Schooling
Type of Schooling N initial PFinal Corrected Gains

Mean Mean Retest Reliability Standard-
Regressed  Regressed 1zed Diff.

Compulaory Level 1518 36.58 39,08 4.99 6.23 6.70
Vocational 946 39.46 40.23 6.72 7.50 7.80
Luwer Secondary [ $1:] 44,49  43.40 8.58 8.13 7.96
Gymnasium 1194 49.90 47.00 10.39 8.55 7.86
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Table 3

Intercorrelation of Mental Ages of Doys

at Various Chronological Ages (Pirst Test)

8 9 10 11 12 13 4 15 16 17 18
8 721 712 747 729 657 598 648 652 556 444
9 721 751 121 714 696 634 615 609 583 509
10 7112 2151 816 769 704 726 738 699 604 543
1 747 721 816 859 787 745 810 802 736 638
12 729 714 769 89 854 778 786 806 775 132
13 657 696 104 787 854 864 785 770 780 754
14 598 634 726 745 178 864 839 778 750 765
15 648 615 738 810 786 785 839 868 778 144
16 652 609 699 802 806 770 778 868 848 788
17 556 588 604 736 775 780 750 778 848 828
18 444 509 543 638 732 754 765 144 788 828
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Table 4
Intercorrslations of Mental tges of Girle

at Various Chronological Ages (Firet Test)

8 9 10 11 12 13 14 15 16 1?7 18

730 719 761 735 661 661 719 696 603 5649

730 746 744 776 757 705 698 723 704 607
10 719 246 812 820 794 788 784 756 709 710
11 761 244 812 884 832 804 841 837 187 730
12 7135 714 820 884 881 841 846 8517 844 6.7
13 661 757 794 532 82l 871 823 830 837 82)
14 661 705 788 304 841 871 865 812 817 830
15 719 698 784 84l 846 823 865 903 839 337
16 696 723 756 837 as57 830 812 903 912 857
17 603 704 709 787 844 837 817 839 912 900
18 549 607 710 730 817 821 830 837 8517 900




10
11
12
13
14
LS
16

987
980
957
920
897
88?7
866
836
810

987

989
969
234
914
904
882
850
824

Intercorrelations of Standinp Height of 275

Table 8

Girls at Various Chronological Ages

980
989

986
954
927
909
881
844
814

10

957
969
986

979
947
911
865
816
780

11

920
S
954
979

974
923
855
790
747

12

89?7
914
927
947
974

964
887
810
763

13

887
304
909
911
923
964

961
$01
860

14

866 -

882
881
865
855
887
961

974
948

15

836
850
844
816
790
810
901
974

989

16

810
824
814
780
747
763
860
948
989
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3
t4

16

890
880
835
810
793
755
773
244
732

890

920
896
871
856
825
812
771
759

Table 6

Intercorrelations of Weight of 275

Girls at Varfous Chronological Agea

880
920

932
©06
882
840
818
773
756

10

835
896
932

958
936
892
842
727
735

11

810
871
906
938

967
921
866
790
762

51

12

793
856
882
936
967

954
892
816
775

13

755
825
840
892
921
934

944
880
839

14

73
812
818
842
866
892
944

953
916

15

44
771
773
m
790
816
£30
953

965

16

732
759
756
755
762
775
8139
916
965
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Table 7

Stability as a Function cf Type of Intervening Schooling

Type of Schooling N Initial 8, D, Pinol S. D. Correlation
(Within Groupa) (Mithin Croups) (Within Groups)

Compulsory Level 1518 8.44 7.00 .67

Vocational 946 8.29 6.92 .67

Lower Secondary 958 2.48 5.40 «56

Gymnaa{um 1194 7.35 5.08 « 56
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v

Vi

vIl

VIIl

Intercorrelations of Independer.tly Computed Semester

Table 8

Grade Averages for a Constant Range of Talent

(N 18 approximately 1600 for each correlation,

556

111 v
456 439
430 445

562

399
418

496
512

o3

Vi

415
383
456
469

551

Vil

as?
364
445
442
500

Sk

VIiLi:

342
339
354
416
453
482
541
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Table 9

Comparison of Predictive and Postdictive Validities

of College Aptitude Tests

I 11 III v v vI VIl VIIL
Predictive
ACT English 345 278 226 236 236 222 216 160
ACT Math 279 189 171 171 145 162 156 121
Postdictive
GRE Verbal 349 308 255 268 251 218 213 163
GRE Quant, 48 333 311 251 215 205 170 146
Corrected to Freshman Range of Talent
Predictive
ACT English 40 35 27 25 22 22 24 20
ACT Math 40 30 25 23 20 20 18 15
Fostdictive
GRE verbal 42 40 k) 33 31 28 28 21
GRt Quant. 43 43 38 37 34 26 22 19

o4




Table 10

Comparison of GRE Aptitude and Advanced Test Validities

(Correlations are computed within groups defined
by Advanced Test and then aggregatued; Aptitude
Teat validities differ somewhat from those in

Table 9 which were computed within College and

rox.)
Restricted Sample
1 11 Il v v vl VIl VIII
Verbal 297 283 262 281 275 256 223 195
Quantitative 270 246 209 253 217 215 203 "6
Advanced 286 104 k1% 359 336 343 316 258

Corrected to Freehman Range of Telent

1 11 111 Iv v VI VIl vIIlI
Verbal 37 k1] 33 36 35 33 28 25
Quantitative 34 3 27 32 28 28 26 20
Advanced k] k] 43 43 42 43 40 33

34



THE PSYCHOLOGICAL TEST

The atatus of weaaurement fn a digcipline {s intimately related to the status
of both research and theory in that discipline. Litcle sophisticated research on
alectrical phenomena could be done until measuring devicea such as voltmeters,
smmeters, and ohmmeters were developed. Resesrch was necessary in order to develop

"j.the measurement devices, with tihw firat "measurements'’ being simply presence or

‘\ absence vf the phenomenon, but the devicea also led to better research and theory.
Furthermo.e, as measuring devices became more sensitive, the range of experiments
possible was extended. The ability to measure in microvolts may represent as
important a step as the onc from presence or absence of voltage to the first
voltmeter.

Importance of the Test for Iheory. It is not generally recognized, however,
that the type of meaturement svailable in a discipline also sffects research and
theory. The psychological test, for example, represents a type of measurement
device found infrequently 1if at all elsewhere in the sciences. It ia essential o
understand the iiature of tests 4f ons is to understand experimental or observa-
tional correlatea of tests or the theory that is developad from those correlates.
A scholastic philosopher can define intelligence {n the absence of messur.s of
intelligencs, but & psychologist gqua psychologiat can not do so.

The preceding statement does not assume the necessity for sn operational
definition of euch term in a scientif'c thaory. A direct measure {s nnt requir
for each theoretical con._ruct, but there must always as some point be a return
to data. The dsta in a discipline, {n turn, depend on the measures. A theory
that requires measures vhich do not exist and which can not be developed is not
testal'le and theories which are not testsble sre not acceptable sclentific
theoriea.

o It {s the thesis of this book that most theories of intelligence are not

]El{J!:éntlflc theorles in the above sense. This particular section will develop
oo )
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peychological test theory in some detall to lay the groundwork for the thesis and
85 a basis for developing a theory of intelligence that 1s congruent with the
experimental and observational corrc¢lates of measures of intelligence.

Exaomple of an Ordinal Scale. The first characteristic to be diacusred is that
the psychological test furnishes only an ordinal scale of measurement. Suppose
that an investigator wishes to messure the number of English words known by a
particular population of people, e, g., high school students. He could define &
population of English words by means of the unebridged dictionary and devise a
method of sampling words at random from that population. (Note that a well defined
population of te.* questions {s not ordinarily available to the test constructer
which creates a problem to be illustrated by later examples.) The investigator
obtalns a list of .00 words by bis sampling method and presenta thisg list to a
randon nample of the population of people in whom he is interested and asks for
definition,

The answezs given muet be scored and to score in anything like an objective,
replicable feshion a scoring key nmust be developed. Uill the key demand word for
word definitions c>re or less a» they appear in the dictionsry? Will the test
Author accept Ins'ead approximate definitions, including reasonably close synonyms?
Or will he Le sacinfied L{f the word 1is used in & phrase or ctause in a fashion thit
conveys gencrally the meaning of the word, indicating 3t a minimum that the subiect
has sean the word used somewhere?

Clearly the number of words that are counted as correct uwill depend on the key
which in turn will determine the estimates of the total size of the vocabularies
ot tle subjects. The lstter computation fs made aimply by multiplying the number
correct on the test by the rat{o of number of worve in the dictionary to the 100
sa-ipled by the test, but the figure obtained ts relatively meaningless. Depending

nature of the test key, - Individual's eatimated vocabula.y can vary
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tremendously.

Is anything gained by converting the test from the original open-ended, or
recall, version to an objective teat format such as multiple choice? The objective
test will be easier to score and with care the scoring can be accomplished with
zero error, but subjectivity in the writing and interpreting of the key for the
recall version has been pushed back fnto the selection of the wisleads. DLy
selecting misleads that capitalige upon fine nuances of meaning, the test can be
made very difffcult, and the subjects may appear to have restricted vocabularies.
On the other hand, by selecting misleads that require only the grossest of dis-
criminations, the test can be mede quite easy.

It would be ecasily possible by any method of test construction to obtain
three vocabulary tests with quite diffarent distribution characteristics in the
sawe populadion of subjects. For example, one could cbtain means and standard
deviations approximating thoze in the following table for each of three rundonly

selected {00-item tests with just a little trial and error.

Test A Test B Test C
Mean 25 50 75
Standard Deviation 20 25 20

It ia also reasonable to agsume that there will be no gaps in the distribue
tions of scores and that most of the possille range of scores will e rerresentcl
on each of the tests, Furthermore, in large samples of subjects, say 1000 or sc
the distributions, whatever their shape will appear quite regular. One Goes not
nged third and fourth moments of the three distributici 3, furthermore, tc draw
inferences about the shapes of the three distributions. Test A and € are skewed,
though in oppesite dlrections, while Test B, though probally symmet:zical in dis-
tribution, {s more platy-kurtic than the normal distribution. These inferences
1.'111 follow from the relationships of the standard deviations to the means.

¢
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Characterigtics of Ordinal Scales. The linear intercorrelations of the three

tests may be quite high--even a moderately well constructed test of 100 items for ¢
high school population should be quite reliable~-but these correlations can not be
as high es the test reliabilities would allow. Some high scoring people on Test A,
each with different total scores, will have identical scores on Test B and even movre
of thewm will have identical scores on Tast C. A similar finding for low scoring
people on Test C will be noted in comparing their scores on Teat B and A. Such
cases arise from the differential skews of the three distributions and regressions
are necessarily curvilinear. In general the number of units by which any two scores
differ in one distribution will Ve different than the number of units by which
scores comparable in rank order differ in either of the other distributions.

It i{s also clear that ratios of scores computed for any one of the three tests
nre unioierpretable. The nurler 50 {8 twice 25, but getting 50 {tems right vs.
getting 25 items right does not have the same meaning for each of the tests. Zegro.
furthermore, is quite a common score on Test A, is much lees frequent on Test B,
and {s very rare {f {t occurs at all on Teat C. A score of zero on any test would
rot indicate thst the subject had & vocsbulary of zero length. The accidents of
sampling from the population of words are involved, but more {mportantly the arbi-
trary Jdecisions of the test constructer 8serve to make a score of zero meaningless
uith respect to absolute size of vocabulary. The only information alouvt a score -
zero furnfshed by the test is that {t is smaller than one.

The preceding characteristics of the three test scores define ordinal scales
uf measurement. fhe {nformation furniehad {s basically rsnk-order information
aven though the numbers used have the appearance of an interval scnle. The rank
orders of subjects Inferred from the numbers are not identical for the three tests,
fven allowing for measurement error, because the differences in skew will produce

¢

[E l(:éd ranks on vne tcet that area not tied on another., If we utilize the rank-order
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information, however, and convart the obtained, raw scores to standard scores by
me:ns of a monotonic nonlinear transformation, {. e., by working through the per-
centile ranks, we can increase the linear correlations among the three tests as
compared to linear raw score correlations.

Other cxamples will be presented to develop the argument jin more detail and in
more generality, but for the present the vocabulary test example can Le taken on
faith to represent the general case. Distributions of test scores are arbitrary.
Tests furnish rank-order i{nformation only. Since a8 norma)l distribution has a
number of desirable statistical properties, it is recommended that raw scores on
tests be converted to normal distributions by means of the nonlinear transformation
involving percentile ranks {n a random sample of some defined populatiou. When
this has been done, the scale of measurement is said o have been normaltized, but
it 15 still ordinal. It has not been converted to an equal {nterval scale simply
by means of the transformation. The choice of the normal curve conversiou is 1
matter of convenience not of scientific necessity or conformity to natural law.

If convenience dictates a different type of distribution, e. g., quartiles,
deciles, or centiles for the converted scale, a different type should be used.

The fact that measurement with a test i{s ordinal is only the most obvious
characteristic of this form of measurement. It is far from being the most impor-
tant. It will becowe clear later that ordinal maasurement has little cifect on
relialilicty or validity, Most of the inferences from test scoros that are barred
5y the leck of interval or ratio scales are relatively unimportant and substitutes
ar. generally available,

Possible Functions of Multiple Items. In the example of the preceding section

tests of 100-{tems were assumed. One hundrrd different words were sclected at
random from an unabridged dictfonsry and subjects were awvked to define these or to

8clect the correct alternative from a liat of mislcads. This suggests a property

6o



of the test that is of the utmost lmportance,

Tests are typically compsed of multiple items or "hurdles' with the subject
behaving in some fashion with reference to each item. 1In measuring ability the
performance required {s either right or urong, but in measuring personality or
interest answera ave frequently yes or no, like or dislike, etc, The total score
on the test 1s also typically a linear combination of the scores on the items and,
in many tests, weights for each item are either gero or one. It i{s not an essen
tial feature of the test that the scoring be dichotomous, although dichotomous
scoring {s found very frcgquently. It fa also not essential that the combination of
items be linear, but nonlinear combinations cen be dismissed from this discussion
on grounds that such combinations are used only infrequently for research purposes
and rarely {€ at all in standardized tests. The theory to be developed will
assume a linear combination of dichotomous items for the sake of convenience and
for wide-spread applicability, but the theory is directly applicable to all other
types of {tem scoring with only winor nodifications. Major modifications would
be necessary, however, to adapt it to nonlinear combinations.

For the peraon ateeped in traditional measurement theory the first hypothesis
concerning multiple i{tems is that they are required for purposes of reliability.
All measurement is subject to some degree of measurement error. A scientist or
engincer frequently makes multiple independent readings of his measures and uses
the mean of these as his best estimate of the "true" value. Does the test diffen
{n any rvespect from the need to teka multiple measurements to ceduce ervor?

Therc is, indeed, & difference in the practices of the eangineer and of the
psychologist. The person using & psychological test, when he wishes to {ncrease
his precision of measurement, repeats the whole test or uses parallel forms of the
original test to obtain hia sample of measures for which the mean is the best

tf"m“te of the subject’'s 'true' score. The total test score is considered the
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messure, not the nscore on an item, [t {s true that increasing the number of items
in the teat generally has the effect of increasing the reliability of the total
score, but increasing reliability ie not tha primery function served by use of
mult{ple {tems.

A gecond hypothesis concerning the function of multiple {tems is that they
are required to furnish a scale more nearly approximaring a continuous scale of
measurement than does the dichotomous item. There sre occasions, however, when
it is not merely desirabl: but necessary to add together multiple items each of
which {s measured on a continuous, equal interval scale, {. e., totsl score com-
posed of multiple {tems may be required even though the items are not dichotomous.
fgain, multiple dichotomous {tems do furnisah a scale approxiwating a continuous
measure, but this {8 secondary to their primary function.

Ine Important Function Served by Multiple Items. The principal function

served by multiple {tems is beaet seen as & contrast bLetween test theory per sa oA
traditional mcasurement theory. In the ordinary measurement of height it {s rea-
sonable to assume that each measurement operation for each person measured includes
a true score component and a random error component. This {8 the starting point
for classical mesaurement theory. The variance of obtained scores fncludes the
variance ot true acorea and the variance of error. Correlations involving the
obtained scores are a function of the covariances with true scores and the var-
iances of obtained scores. Prom this bLasls such statistical concepts as the
atandard error of measurement and correction of correlations for attenuvation by
measurement crror are readily developed,
Classical measurement theory is not, however, readily applicable to the test,
EFfforts to use classical theory over the years, furthermore, may have hurt test
1development as puch as it hao helped. The major departure from classical theory

©

]EIQJ!:}lsea from the necessity to start with a definition of item score that differs
i
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sipnificantly from classical theory. An {tem score is compnsed, &s Loevinger has
discussed (1954) most fully, of three distinct psrts: score on the trait or dis-
position (d) in which the test constructer is interested, systematic nonerror
nolse or bilas elements or factors (b), and random error (e). The important effect
of using multiple test items is to minimize the effects of the numerous nonrandom
factors that are subsumed under the label of noise.

To return to the vocabulary example, a high school student may have en-
countered a word in his recent reading for which he obtained a definition and
when this word was encountered on the test he answered it correctly. The word
may be difficult in general and the student's general vocabulary level low, but
e obtained an extra point in his total score for a nonrendom :eason independent
of his gen:ral level of vocabulery competence. There are many such examples.

Somc words are encountered more frequently {in science than in the humanities, in
pulp magazines than in school books, or in certain neighborhoods or socia! levels
than In others, and so on. By taking a large sample of words such effects, al-
though still present, can be balanced off against each other, and the more general
disposition to know the meanings of words will be measured with greater validity.

In this connection it is instructive to look at {tem intercorrelations for
some standard ability tests. In teats that are quite homogzneous both with res-
pect to difficulty level of the {tems and the subject matter of the test, {tem
intercorrelations with a mean as high as ,20 are not common in the full range of
talent and occur quite rarely in special groups who are restricted in range of
talent. While Lt 18 not easy to #ssess the random exror component of variance in
an item--memory for item content makes suspect a repeated measures design and
perallel {tems are not easy to construct-=it i& probable that nonerror or bias
factors are a major contributor to {tem variance for most éf the {tems that appear

Q sychological testa.
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The vocabulary example suggests an altornative designation of nonrandow noise
or bius {n test ftems as item sampling error. This {8 {ndeed one Bource of bias,
but the equivalence breaks dcwn in two important ways. In many, many cases theve
is no definad population of items from which to sample, though the use of itenm
selection error could get around this difficulty. A more {important difficulty,
however, is that certain biaa factors are intrinsic to psychological items. Every
test {tem has a particular {tem format, a time limit or work limit, a set of
directlons. 1In addition, each examinee has a different background of knowledge,
skills, sets, and other experiences. All contribute variance to a test {tem.
Peasoning {a necessarily measured with verbal symbols, numerical symbols, or
“{gural materials. Words that appear in a vocabulary test occur with differentiatl
frequency in different kinds of reading material. The use of noise or bias sug-
gusts unwanted or even uncontrollsble, which is desirable, and the use of systema:
tic {ndicates that the behavior measured {s lawful, which fs also desirable.

Just as a weed ia any plant growing where it is not wanted, systematic noise
or bias includes any factor or element appearing where it is not wanted. One man's
noise, for one purpose, becomes another man's primary mental ability, for another
purpose. But unlike weeds, a great deal of systematic bies {s {mpossible to

nradicate.

Ine Correlation Between Test and Criterion. A little algebra may b licipfH)

at this point. ULlet there be n {tems in the test and let d, b, and e represent the
‘{sposition the tert constructer desires to measure, the bias factors, and randcu
crror, respectively. The corrslation of the test of the disposition with a

~riterion measure of the disposition i{s given by the following:

)y and each X, = d1 + bl +e
n

Txy © r(xl + 00+ x {

| S Cdly +ICHb

Xy v + iCe

A‘L
\IIC -2 7 2 c
S \JIS; + ¢S, +E8, +IL C, , +IL C, , #I
y dL bl L7 dldj 6 ablbj °lej

1

#1C, , wrC, . i€
dyb "t dge, T by
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If error is truly random, than all covariance terms involving e will drop
out. Paychometricians have typically been willing to make this assumption.
Moreover, Lf the b terms were specific to each item and independent of the dis-
position sccre on the {tem, they would have the functional characteristics of
error and covariance terms involving b would also drop out. While it {s not
difficult conceptually to assume orthogonality of disposition and bias factors,
the assumption of s;eclflclty of blas to each item ia almost always false.

It is also reasonable to assume that the noise factors are unrelated to the
criterion measure. (This can be considered true by definition.) With these

considerations in mind, formula 1 can be rewritten as follows:

r = ¢C
xy ! diy

1 dydy 1%y

s, 'stj: IS; +IS2 5L C, , 41D Gy o

Ia the best of cases bias factors are winor sources of variance of total
score on the teat (denominator) and make zero contributions to covariance with
the outside varisble (numerator) currently of interest. In the worst of cases
the nonrandom bias variance of the test is antirely noise from the point of view
of the aims of the test constructer, and the only nonzero terms with criteria
involve sources of variance other than the one the test is supposed to measuve.

By basing the total score on many {tems, it is possible to build up the
validity of the test for @& particular disposition even though any one item has
only & small component of that disposition. The secret 1s to spread item
sclection over as many bias factors as possible so that any one bias factor runs
through a minimum number of items. The goal, though frequently unattainable, is
to make the bias factors specific to {tems. Bven vhen it is {fwpossible to keep
she bias covariance terms near gero in the denominator, the scattering of this
(8
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varlaiice among many blas fectors will avoid the situation in which the total score
is a better measure of some other disposition than the one intended. Many itemws,
therefore, are a necessary though not a sufficient condition for building up the
varience of a particular disposition in the total score on the test. A basic
misconception concerning the original choice of items will result in the test
constructer measuring something, with greater and greater precision as he con-

tinues to add items, that he does not wish to measure.

O
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INTERRELATIONSHIPS OF HOMOGENBITY, RELIABILITY, AND VALIDITY

The concept of homogensity of a test does not appear in classical measurement
theory. Homogeneity with raspect to content is an issue only {n those aftuaticns
in which multiple {tems are used. The statement made esrliar that multiple {tums
did not aerve the same primary purpose &8 nultiple measuras in physics or engineer-
ing, but did have a secondary eflect on relisbility {s important in tix{s vonnec-
tion. Many psychologiats are confused on this {ssue. Homogeneity interacts with
both reliability and validity, but must not be confused with either.

Homogeneity and Reliability. Kuder-Richardson homogeneity coefficients are
frequently called reliatility coefficients. Under certain restricted circum-
stances, {t {s true, one can obtain & reliability estimate from a measure of the
homogeneity of the test, but it is essential that the investigator keep the dis-
tinction, and the conditions, cliar in his own mind and in his writing.

‘The Kuder-Richardson formula best used to estimate reliability is che followe

tng: r=n_ st-gpaq,
nel -—-7——

S

X

Only the number of {tems, the difficulty levals of the items, and the varisnce of
the total score on the test are used. (This is algebraicly equivalent to the ap-
proach to homogeneity of a set ¢ f measures by means of the analysis of veriance
which Hoyt (1940) suggested.) The variance of the total score is, in turn, a
function of the number of items, the item variances, and the item covariances.
fhese parameters do not have a ona=to-oae relationship to reliability dafined as
the correlation between repeated measures or between repeated psrallel measures.

The differenca, and the relationship, between homogeneity and reliability can
beat be shown by writing out the formula for the repeated measures correlation as
a function of the relationships {nvolvirz the {tems. (The priwe refers to the
repcated or parallel {tem or test total score.)
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If item intercorrelations are zero, the right hand term in the nurerator
diseppeara as do the right hand terma under each of the radicals. The reliability
coeffi?ient is then compietely a function of the {tew reliabilities and can vary
from zero to one. Furtherwore, one can conceive of a test in which these condi-
tio.s would be rather clesely approached. A scored blographical data olank, ior
exampie, could contain {tems that were essentielly uncorrelated with each other,
but the recliability of answering an individual ftem would be very high.

As the {ntercorrelations of {tema within and between tasts approaches the
correlations between the paired {tems, th: Kuder=Richardscn homogeneity coeffi-
ciznt aprroachea the reliability coefflcient of the test. For the two to be
equal in conception the ftem di/ficulties would all have to be the same. Other-
wise covariances are necessarily aomewhat attenuated. In practice, this latter
condit{ion can be {gnored ainca the formula doea take out the variance duc to the
main ¢ fiect of difficulty level, and variationa of difficulty level within the
normal range have only a slight, bLissing effect on the interact’on between persons
and {rems which {8 the essential term determining the homogeneity of the test.

?he interaction between reliability and homogeneity is more clearly seen {if
Formu’a 5 {8 revwritten to meke explicit ite assumption that the retest or parallel
measu;e is identical with the firet; 1. o., teat variances are equal and {nter-

correlations within teats are equal to iitercorrelations between tests.

' ® ECx x' +1t C x

XX 1*1 XXy
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The right hand quantities in the numerator =ad denomiustor ave identical, The
left hand quantities represent the ratio between paired item covariances and var-
f{ances. With many iftems in 8 test the right hand quantities will generally be much
larger than the left hand ones; the homogeneity of the {items, in other words,
typically makes a larger contribution to reliability than the reliability of the
paired items. The test constructer by narrowing the focus of his test, {. e., by
redefining the disposition in which he i8 interested to make it coincide with an
important scurce of nonerror noise, can step up test reliabtlity very easily. To
suggest that this may e undesirable may seem strange to those imbued with classical
measurement theory. Why should not the ratio of true score “ariance to total
variance be maximized? The answer 18, of courae, that an increase in reliability
i{s not worth the price if the disposition which the psychologist seeks to measure
is redefined in the procesa of test constructicn to make it less useful
psychologically.

As a matter of fact, the positive steps in test construction that follow from
the concept of disposition, nonrandom nofse, and error contributions to item
variance make it difficult to achieve high reliability with a limited number of
items. The variance of noise or bias factors must be spread arvund as widely as
possible, The more successful the test constructer is in his efforts, the iower
will be the item covariances. He can conpensate for this effect only by increas-
ing the number of items {n the test.

Homogeneity and Validity. No one administers e test, however, simply to

obt in reliable (nformation of some sort about & person. Tests are¢ administered
{n order to make irferences about bahavior: {inferences about jobs, school, mili-
tary aseignments in applied work, or inferencas about functional relationships
fnvolving a particular disposition in more basic research., Validity i{s a short-
d ierm used te cover the {nferences that can be drawn from a score. Validity
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coefficients stated in terms of ilem characteristice were presented in Formulas 1
and 2, but a simpler one wili now be more convenient. This one is stated in terms

of the items, without regard to their cownponents, and their relationship with any
outside variable, y.

r-zcx
xy 1Y

DI e e e« S ——————-t——
R N Y e ——— ——y

Sy ::s:1 > :::cxlxj

Formula 7 shows that, item validities being equal, there is & premium plsced
on low homogeneity. Item covariances occur only in the denominator. High relia-
bility which comes about thicugh an interaction with homogeneity is indeed & mis-
Jleading goal. Only in case certain subsets of items in a heterogeneou:s test have
zero correlations with the criterion does it pdy to increase the homogeneity of
the test and obtain the concomitant incvease in raliability. When all items are
related to the outside variable, by keeping ftem intercorrelations low, the vare
iance of the test score will be kept low and reliabilicy will Lz kept low, i T
the size of the validity ccefficient incressed. Such reasoning is completely
compatible with expectations based upon multiple regression theory, but it doea
require qualification of the classical theory concerning the relationship of
reliability to validicy.

Reliability and Validity. Clasaical theory states the relaticnship of
reliability to validity jn the correction for attenuation.

- r
xy xy

ﬂj Fxx! .\/ Tyy!

This formula is applicable to test theory only in cases where rcliabilicy is

changed by the-addition or, with appropriste chsnges in the formula, subtraction

of {tems of the same type as the originals. Whenever items are discarded
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selectively with others retained, an increase in reliability may accompany a de-
crease in the validity of the test. Increasing the reliability of a test by
doubling its length with exactly comparable items will increase the test's valid-
ity. Increasing the reliability of a test by item selection procedures will not
have a predictable effect on the test's validity.

The same assumption, 1. e., adding exactly comparable items, must be made in
cstimating the reliability of a test of a different length than the original, but
the importance of the assumption in this case is better known. It may be in-
structive, however, to apply it to the hypothetical situation degcribed earlier
in which item intercorrelations in the original teat are zero.

When {tem intercorrelations are zero, test score reliability is more cr less
the mean of the ftem reliabilities. When the length of the test is doubled by
the addition of exactly comparable items, item covariances are no longer zero.
The assumption of comparability means that : each item in the original
test now has itself or a parallel version of itself in the test of increased
length. The new test no longer has zero homogeneity.

Minimuw Requirement for Homogeneity. Even though completely uncorrelated

items would be best to maximize the correlation batweer 3 test and an outside
variable, such a set wouid not be considered to measure a psychological disposi-
tion, It is here that the concept of the homogeneity of the test is vequired.
Various indices of a disposition of psychological inrerest just ought to have
something In cowvmon. If the disposition of glass tc shatter or beams to sunap
under the stress were teasured in a8 fashion analogous to the payvchological test,
the various ltems would be correlated just as the items that measure height or
weight in the other physe.cal analogues to the test are corrclated.

1f the reality, or even the necessity, for some degreec of homogeneity s ac-

apted, it does not nacessarily follow that homogeneity should be as high as
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posaible within the limitations of obtaining & measuring device furnishing a
nearly continuoua score. (If a test of height were given very reliably, maximum
homogeneity would result in a U-shaped distribution. Some degree of spacing of
item difficulties, with the resultant decrease in {item covariances, is necessary
in a test for height to discriminate emong the examinees.) Some degree of h' mo=-
geneity {s expected, but the degree is optional. The degree depends both upon
the psychological facts, {. e., the extent to which behavior is dispositional as
opposed to situational, and upon the breadth of the disposition that the psycholo-
gist wishes to measure. He may be interested in measuring intelligence, or per~
haps something even broader than intelligente, or at the %%her pole in measuring
the fluency with which four letter words beginning with s éan be evoked.

Let the rule be that any set of poaitively intercorrelated items can be added
together, Such composites precduce a psychologically meaningful total score, par-
ticularly {f the {tems are intercorrelated at about the same level. It does not
matter whether this level is low or high. If one is trying to meassure some dis-
position that is very broad, and in consequence each item may contsin only a very
small portion of the variance of the disposition, it will be necessary to plan on
using many items widely scattered in order to dissipate the many possible sources
of nonrandom noise. That otﬁer factors will contribute to the total score is of
no consequence. As a matter of fact, the larger the number of these the better
since this will tend to keep the contribution of each small, The restrictions
that item intercorrelaticns te at about the same level is necessary in order to
avoid giving undue weight to a psrticulsr bias factor. It can, however, be
relaxed {f this is carefully done. The bias factors must themsclives be evenly
distributed.

The Goal of Higih Homogeneity. 1In contrast to the preceding rule, those who

set high homogeneity of the test as their goal, imply that only those items can be



added together that have the very highest level of intercorrelations. If any
given test can be broken down into rubsets of items whose intercorrelations are a
little higher than the croas correlations between subsets, the original test is
"“{mpura'" or heterogeneous and new tests should be constructed as defined by the
subclusters of items.

The reader who believes the rule that any set of positively intercorrelated
items can be added together {s ambiguous--after all there are many possible levels
of {tem intercorrelations and thus many possible tests«-should ponder the ambi-
guity in the high homogeneity rule. How high is the highest possible level of
intercorrelations! When does the correlation between two different items becowe
sufficiently high that it should be considered the correlation between parallel
forms of the same item? If this rule is pushed to the extreme, does it not mean
that the vltimate in homogeneity is reached when one reaches a swall set of items
that are essentially parallel forms of cach other?

In discussing Binet's intercst in multiple intellectual functions and the
development of the Binet acales of intelligence, Guilford (1967) concluded that
Binet's decicion to use a single score for the totality of his items (mental age)
was completely incongruous. In the light of the present discussion 5uilford’'s
conclusion 1s simply {ncorrect. One can accept multiple factors both of the
Thurstone sort and of the Guilford sort, which appear to be narrower than the
Thurstone primary nental abilities, alcng with a genersl factor without any logi-
cal or psychological difficulty. (See Humphreys, 1962, for a fuller discussion
of this issuc). Ability {tems are positively intercorrelated to varying degrees.
Nigh intercorrelations determine narrow factors; moderate intercorrelations
determine somewhat broader factors; low intercorrelations determine a general
factor. It io completely reasonsble for an investigator to measure with a single

O
FRJ(C ¢et the factor or complex of factors that produce the lowest positive correlattors
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among broadly dietributed items,

It 18 important to rcalize that the argument here is empirical, not logical.
Good characteristics as defined socially of the humen being tend to be positively
correlated., The most disparate abilities, with abilities used in the most general
senge, such as correlations between clerical and mechanical abilities, or between
inforwatfon sbout farmi{rg and about social scionces, are positively correlated.
2sychological dispositions of the abilities sort are also positivelv correlated
with physical measures such as height and weight. Terman's gifted children were
healthier, wore fewer glasses, etc., on the average, than other children.

This tendency for '"all good things to go together" is much more marked when
one samples from men or women In general fan a given cultural group than when sam-
ples are drawn from more restricted ranges of talent. Even within samples of
college students enrolled in the most highly selective institutions correlations
still tend to be positive though occasionally negative values occur which can
generally be explained in terms of sampling errors. Negative correlations in a
restricted population do occur, but there {s frequently a sampling explanation.
Highly selective univeraitics can not play big-time football without having
separate atandards for athletes and nonathletes. Correlations between athletic
abilities and intellectual abilities will be negative in such mixed groups.

Arguments Pro and Con. One argument advanced agsinst the broad test is that
"purer' tests are better than more complex tests on grounds basically of scientiiic
estheticn. Here there is a difference In point of view as to what constitutes a
pure test., Guilford's factor pure tests are seen by the present writer as fnex-
tricably complex. Tests of high homogereity that measure one of the "aptitudes"
in Gutlford’s structure of {ntelligence reflect simultancously variance introduced

by all of his three dimenalons. Such tests are like the physical analogue in which

[E l(j veight was measured by having cach subject lie down in a uniform manner at the en¢
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of the lever: scores were highly homogeneous, but reflected both height and
weight in an unknswn combinaticn,

A second argument against broad tests, and an alwmost convincing one, is that
all of the information in the most complex test is basicelly available in a large
number of highly homogeneous tests of the Guilford sort. Potentially also, infor-
rnation is lost by moving from many tests to 8 smaller number of broader tests.
There are two different counter arguments to this point both of which are matters
of feasibility. It would be very difficult to motivate gxaminees to sit through
and work wall for the amount of time neceassary to admiuister 120 tests each suifi-
clently reliable to justify a separate score. It is alco very difficult statis-
tically to obtain stable weights for 120 mcasures for the various sorts of
inferences In which psychologists are interested. It {s not an exaggeration to
cstimate that the nuvmber of cases required would run Into the tens of thousands
for each outside vsriable considerecd. This estimate has a s:-atistical basls in
the formula for the standard error of a beta weight and an empirical basis in th2
ubiquity of positive intercorrelations among ftems and tests.

It 1s even possible given optimum Ne fer weighting purposes, little 1f any
information would dbe lost by the use of broad te.ts carefully constructed (Hum=
phreys, 1962). Tests of the analogue to the main effects in an analysis of
variance for each of Guilford's dimensions wmight well furnish the same information
as the 120 tests representing the Cartesian product ot his dimensions. The 12¢
different combinations of those dimensions become a source for selection of itcws
and a guilde for distrituting noise factors as widely as poassible in this con-

ception, but not a mandate to construct 120 tests for assesasment purposes.

O

RIC

] 75



ILLUSTRATIONS OF TEST CHARACTRRISTICS BY MBANS OF
PRYSICAL ANALOGUES
It is posaible to develop physical analogues to the test that help to clari-
fy the principles that hava been prasanted. Thess principles will also be devel-
oped more fully as the varinus physical enalogues are discussed.

Behavioral Test of Height. A carpenter is asked to make a series of stan-

dards in the form of an invartad L with the only specificsticne baing that the
uprights will all differ from each otnsr and that they will cover the range in
height of adult men., It {s not essential that the horizontal bar be at right
sngles with the upright, snd the essentisl specifications are checked perceptually
only. Bach standstd is given a separate dasignation, perhaps a number. A sample
of wen ia drawn from a population; esch man is confronted with each of the stan-
Jarde in turn in 8 uniform manner; and each man {e given & score representing
merely the number of times the tip of the horitontal bar touchcd.his kead when an
attempt {s made to pass it over his head with the upright deing placed vertically
on the ground.

If a very large number of etandords is cons ructed initially, {t should Le
possible to select from the larger group a smaller set having any specified dis-
tribution of {tem difficultias. (This statistic is readily computed: the number
of heads hit by a standard divided by the total number of men in the sample
messured provides a statistic varying from zero to 1.00 with high values vepra-
senting "sasy' itess.) If 9 standards are selacted having difficulty levels
ranging from .10 to .90 by steps of .10, the distribution of total scores for
herynt will ba rectangular in shape; 1. e., symmetrical but highly platykurtic.

It is not difficult to see how the shape of the distribution of total scorer
can be infarred from the distribution of {tem difficultias. The essiest item har
1 Mfficulty index of .9, 1, ., 10% of the sample fails the easieat itam. Their
O 1 score on the test will be 23ro. Another 10% fail the item having en irdex
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2
of .». While 20% fail this item, one-half of the failing group passed the easier
ftem. Thus 107% will have a score of 1. In a similer fashion the 10% who passed
the most difficult item passed all easier {tems. Since this is the 9th standargd
in order of difficulty, only 10% of the sample will have a score of %,

With 10% of the sample at esch score, the distribution
is rectangular.

It is instructive to make a table in which the items are placed in 1 horizou-
ral array in order of increasing difficulty and the subjects are placed in the
vertical array in order of increasing size of total score. (In this example only,
all subjects having the same score can be represented by a single tally.) The
result, In Table 1, is & triangular matrix of tallies whic" “efines what has become
known as a parfect Guttman scale. No man fails an essier item after Laving passed
» more difficult one. When the number of talllculln a8 colunn i{s counted and
‘ivided by the number of people, the diffi{culty level of the item is the resul:.
When the number of talliea in a row is counted, the total score on the test is a
vesult. (A percentage score on the test is somsetimes obtained by dividing the
total score by the number of items In the test, but th¢ number of items and the
<ero point are quite arbitrary.)

It is of interest that the productemoment intercorrelations of the ftems in
a perfect Guttman scale form what Guttman has called a8 simplex matrix (Cutimaa.
1955). The simplex matrix indicates the presence of & aingle underlying functio:
or factor when the successive veriablee diffsr in difficulty level, comp.cxity,
arcwth, or level of learning (Humphrays, 1960). The intercorrelations of the pre-
sent example are presented fn Table 2 for purposes of {llustratfon. It should
also be noted in connection with this exswple that the presence of a single factor
{s inferred {rom the form of the correlational matrix snd the known differencea {a

IToxt Provided by ERI

culty level of the items. The simple, one factor explanation cannot be oh-
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3
taincd by the application of tha usual factor analytic methods. If squared wrlti-
ple correlations are alternated with unities in the diagonal,

the 2 {tems will define four principal component factors (Humphreys,
1960).

What would the test constructer do if he wished to obtain a normal distribu-
tion of test scores for his measure of height? He would go back to his population
of standards end select those having an appropriate distribution of  tem diffi-
culties. Difficulties ranging frem .96 through .89, .77, .60, .40, .23, .11,
to .04 would produce a distribution of total scores that would be aprroxirately
normal, The mean would be the same as the m®an of the rectangular distribution,
vut the standard deviation would be smaller.

The test constructer by appropriste selection of {tem difficulties can produce
a distribution having any shape he desires. Wide variations in both kurtosis and
rkewness are possible. A test for the seleciion of basketball players can be pro-
duced having a tail at the upper end of the score distribution. After all, the
coach is not concerned about making discriminations among college freshmen who are
in the lower quarter, or even half, of the distribution of height. U-shaped dis-
tributions are possible though hardly useful. For a general purpcse test, howevaey,
the test constructer does not worry very much about the distribution of item diff{-
culties needed to produce a raw score distribution hsving a particular shape.
Instead he takes what the accidents of {item eelection produce and converts the rgw
acores, by means of a nonlinear, monotonic transformation into a distribution of
converted scores. As {ndicated earlier, it is frequently convenient that the
shape of the converted score distridutfion be normal,

A very important reason why the test constructer does not worry too much
about the selection of {tem difficalties in most cases is that psychological ftams

)
]E T(:’t readily scale in the Guttman sense. One reason why this is true i{s the
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uraveidable prescnce of measurement error in each {tem. While the presence of

the Guttman scale made possible the characterization of the shape of the score
distribution from knowledge of the distribution of ftem difficulties alone, it

~was also necessary to assune error free measurement in order to obtain that scale.
The measurement situation had to be highly standardized. Instructions to subjects
were given to control posture; instructiona to the test administrator controlled
the nature of the gsurface on which the subject stood and the placement of the

standards relative to the subject.

Ihe Introduction of Measurepant Error. This principle can be fllustrated by
returning to the test of height and the pcpulation of standards originally postu~
lated. The only change to be {ntroduced is that uniform conditions of measuremei.t
will not be specified. Posture will no longer be controtled. Neither will the
measu’ement surface nor the placement of the standard be controlled. All of thewne
will be allowed to vary at random from subject to subject and from {tem to it=m
withln a subject.

When nine items are now selected having the same equally spaced distribution
of ftem difficulties 88 before, the distribution of total scores will no longer
Le rectangular, but instead will be unimodal. When subjects and {tems are tahles
as before, .rany persons will be found who huve failed an easier item after having
passed a more difficult one, Something like the item data in Table 3 will be the
result though Tehle 3 is schematic only 1{f {t {s taken to represent more than 10
subjects. The number of aubjects who fail casier items after passing, will be
fonctions of the amount «f error that has been introduced Ly the failure to
standardize the measursement situation.

Limitations of the Ordinel &4 Scalae. The usual statistic expressing the

ral{ability of measurement of & test is the correlation between repeated tests oy

)
]E T(:veen parallel forms of the test. If the conditions of careful, standardized
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5
measu.ement did produce a perfect Cutrtman scals, the correlation between test and
retest, or between two separate tests having fdentical item characteristics, would
be unity. 1In a larger group of ftems occasionnl reversals would be found under
even optinuw conditions of measurement and th: relinbility coefficient would only
spproach unity. There is no eaaential reason, however, why the reliabilicy of the
test. of height should not be every bit as high as the realiability of the usual
measurement of height. It is all too easy, however, to be careless with any scale
nf measurement, and it is probably easier to introduce error into the test than
into tue use of a physical scale of measuremert just because ther: are more occa=
sions with multiple {tems for error to occur. Without atandardization of the
measurement aituation, as in the aecond example, reliability coefficients will
depart substantially from 1.00.

There 1is also no essential raason why the correlation between the test of
height aud the criterion measure of height shculd vot approach unlty. Lack of
aniform conditions for the test, sa well as cereleasnesa in the m2asurcment situa~
tion for the criterfon, will attenuate the validity cocfficient of the test, but
there {8 nothing intrinsic to an ordinal scsala that produces a reduction in valid-
ity, The only inferences barred are those tn,olving equal units or equality of
ratios and the absolute zero. For most purposaa to eatablish converted scores i
a meaningful population of subjects provides useful though not full su-stiiutes
for the standard deviation (requiring equal uvnits) and the mesn (requiring an
absolute 2ero) of the ratio scale.

Probsobly the most important type of infurence barred by an ordinal scale {n
the characterization of the form of the func'ional relationship batwean a psycho-
logical disposition meaaured by the test, as the dependent variable, and some inds~-

vendent variable. Thore is no point in worrying about power versus log functions,

QO  example, Lf there is doubt concerning the equality of the units of measuvrement.
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By meking certain assumptions about the nature of human judgment it is fre-
quently possible to get cutside the limitations of the test as here definesd and
obtain equal units. Problems of scaling have been discussed thoroughly by Tor-
gerson (1958). For present purposes {t {3 sufficient to add that i{nterval and
ratio scales formed by such assumptions muat be thoroughly and irdependently
checked. Thus, the supposedly equal interval attitude scales o»f Thurstone and
Chave (1929) do not have intervals tnat are equal independent of the attitudes of
the judges who do the scaling. The lack of equality as a function of attitude of
the judge {s more marked for the equal appearing interval method of scaling than
it 1s for the paired comparieons method, but it {s not completely absent in the
latter (see Edwards, 1937, for an extended discussion of these data). It is also
true that a Likert type scala (Likert, 1932), which is clearly ordinal {n the
sewn here described, is probably just as valid ae a Thurstone scale (Edwards,
1957).

Determinents of Teat Score Distributions. With respect to the shape of th»

distribution of test scores, two generalizations are possible at this stage of
th~ development: (1) the variability of jcem difficulties {s inversely related
to rhe variability of the diatribution of ecores on the test, or is directly
relatad to a change in the form of the distribution toward leptokurtosis. (2)
The anount of error present in tha testing situation is inversely related to tir
varfability of the distribution of scores, or directly to a change in the form oi
the dlstribution toward leptokurtosis.

The second generalization above appears to be at variance with classical
measurement theory. It is eavy to prove in the claseical theory or in the Locvir.
ger variant of that theory that the variance of true scores or of disposition
acores {9 always lcas than the variance of obtsined scorea. It i{s not always

[: T}:nd, however, thut the preceding conclusions dewmand an interval scale of weasurs-
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mrni. For the test this means, when the same set of items 18 aduinistered once
carefully and once carelessly, that two different ordinal scales are the result.
The set of ftems administered carefully will have the larger standard deviation,
but the ratic of the varisnce of true scores to error will also be larger in that
set. In contrast, when height {s measured carelessly on the physical scale, the
varfance of the obtained weasures is largar, and the ratic of true score variance
to error variance is smaller, then when height is measursd carefully on the same
scale.

Another way of {llustrating these principles is to write the standard devia-
tion of the diatribution of total scores cr the test in terms of the item charac-
teristics. The effects of dispersfon of {item difficulties and the introduction
of error can be observed in th2 {tem statistics.

2

ST = +55 C
~ P‘.ql’l i

]

The largest contribution to totasl variance of the {tem variance tecrms is
obtained when p = 9 = .50 for all items. The largest contribution to the item
covariance terms, on the assyvmption that all covariances will be positive {all
items are assumed to be measuring the same furciion), is obraired when » = q for
all {tems. Wide variation in item difficulties reduces the contributions of ‘ton
vociaces and covariancea, For most tests the covarisnce terms are mors {mpor-
tart than the variance term¢ juat berause there are so many more of tnem.

The effect of increasing the amount of random error in the measurement sit-
ution comes about by wey of attenuation of the size of *he covariance terms.
Beror decrcases the aize of correlations among obtained scores relative to true
scoinns.  The greater the smount of error, the smaller the size of tke {tem co-
vrriance terms which reduces the size of rthe standard deviation of test scores.
The varfance of a test score distribution attenuvated in size by the prescuce cf

Q" rot ol measurem¢ 3t will contain a larger proportion of errcr variance reletlv.82

]EIQJ!: teue noore variance than will the larger varianca of an error~-fice test of i1h2
P v v
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sam: nunber and distribution of item difficulties. The absolute size of ihe stan-
dard deviation is smaller, howevsr, for the erroreridden test.

It is obvious also that the size of the standevd deviation of test scores is
a direct function of the number of items. The addition of items of any type,
error-free or erroveridden, will increase the size of the overall standard devia-
tion. The addition of even a single item to a test changes the scalu of measure-
nent -

The Introduction of Nonrandom Biss. In order to consider effects of nonrane-

dom noise or bias {t will be useful to construct another physical analogue to the
teat. A test constructer intereated in measuring waight has a lever, a fulcrum,
and a pile of big rocks. In a pilot study he finds a place for the fulcrum that
will allow the typical rock to just about balance the typical male adult. (The

use of irean rock and mean adult hae been avoided to indicate that the pilot re-
search does not have to be precise.) Again the rocks are each given an identifi-
cation and each man in the sample is placed on the lever opposite each of the rocus
in turn. The score i{s the total number of rocks raised in the air by the passive
man. The test constructer has a partislly incorrect theory about what h> is tryin3
to measure however, and carefully instructs his subjects to lie down on the lever
uith their bare feet precisely at the end and with their heads extending toward the
fulcrum as wmuch at necesssry. (He has been thoroughly indoctrinated with the
necesaity for care in wmeaaurement.)

Proceeding as before, ten items are selacted which produce a rectangular dis-
tritution and a perfect Guttman scale. Scores répresent an unknown mixture of
height and weight, but there are no datas from the messurement operations alone thst
lead to this conclusion. As long as grest care is taken in measurement, no man
w111 *ai{l an easier item after passing &8 more difficult one. The first generaliza-

E i%zuon frow this new example, therefore, is that systematic measurement of nonrandor
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no1se Joes not necessarily raveal Lts presence.

If the test ~onstructer had instructed his subjects to lie down as described
on a spacified one-half of the items and to stand with their heels at the tip of
the lever on the other half, acores would still represent an unknown mixture of
height and weight, but there is a possihility that the presence of a second factov
in the {tems could ﬁe detected. In this new example of measurement of systematic
bias, there are two types of {tems which would be expected to show their differ-
ential similarities {n their correlational patterns which would in turn determine
two factors. Unfortunately, item correlations are affected by range of difficul-
ties as well as by content (see Tsble 2 in this regard). Differences in item
marginals may cloud the statistical differentiation between the two factors, but
there is hope {n this example in beiug able to show the presence of the two fac-
tors in the data. Even with careful messurement, when two factors are present in
~he {tems, a Guttman scale will not be obtained; some subjecte will fail easic:
items after having passed more difficult ones.

Even {f the two types of items are separated perfectly on the basis of infor-
nmation internal to the measurement operation, there is no statistical clue from
the item data as to which is the better measure of weight. The proper identific--
tion of the function each cluster {s measuring might be made intuitively from
inspection of the {tema in the sepsrate clustcre, but external relationships rer=e -
gent 8 more dependable mesns of {dentification. Thus the factor enalytic method is
vulnerable on two counts: (1) the difficulties in factoring dichotorously scorc.
ttowms and {(2) edequate identification of factors without pursuit of differential,
external relationships.

If posture is allowed to vary from standing to sitting to lying dowa and {i{
this variation occurs at random from subject to subject and from {tem to {ter,

)
]E T(:uas nonrandom noise becomes rendcn nofse. The effects of error have been
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10
desc:’bed earlier. There i{s, however, an in-between condition which is more
serious. If poature vaiies from subject to subject but not from item to iiam, one
sut ject'a score may represent a relatively pure messure of weight while another's
identical acore may represent a8 mixture of height and weight. Again, as in the
fiiat example, there are no internsl clues. A Guttman acsle can be obtained under
such conditiona, for example, but information external to the measurement opera-
tion 18 necessary in order to identify those subjecta whose meaaures are valid
measure; of weight. Without scparation of subjects this type of nonrandom noise
uould depress validity coefficients. If subjects could be separated, however,
validity would be very high in one sub-group, quite low in another.

Increasing Complexity of Biss Factors. Although a number of test constructicn
prlnclpies have been demonstrated by means of physical analogues, up to this point
in iz Jevelopment there has been no precise, complete analogue for the most im-
oortant reason for the use of multiple {tems described earlier. Before introduc-
'ng such an analogue it will be useful to return briefly to that argument.

Tests require the subjec: to behave on each of & number of {items. An under-
iying trait or diaposition to behave in certain ways is inferred from the test
acore.  Yet there are myriade of possible causea for behavior. Any one bit of
vehavior nuy reflect the undertying disposition only in amall degree. Knowledge
of any one word does not indicate very much about a disposition to krow many wo wa.
This phenomenon was described {n ternms of an analysis of the teat acore into dis-
gositluﬁ, nonerror noise, and random erzor components. Individual test {tems
cencially contain much more variance from nonerror noise and random error than
they do from the hypothesized disposition.

A physical analogue that will {llustrate this property can sgain be devised,
A test constructar without a tape measure liopes to measure height. He also has nu

O ¢ long enough to nmeet the critevion used in the first analogue exampie.
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de can construct items that will measure the leangth of toes, fingers, lower arms,
lower legs, and head; various measures of width and depth of arms, legs, tiunk,
and head are possible; various circumferences can also be measured. Such items
could be dichotomous, but might @ven be measured by tape or caiipers on the
physical scale of measurement.

The first principle to note for this analogue is that, if dichotomous, the
items would depart radically from a Cuttman scale. Many, many failures on easy
{tems after passing more difficult {tems would be evident. Long fingers do not
typically accompany & broad chest. Also, for a given number of items, the stan-
dard deviation of the test scores would be lower than in previous examples for
stems of sirmilar difficulty levels and with equal amounts of error. The distri-
vutions would be unimodal, even with ninimum error in the measurement operations,
and with little variability of item difficulties. Systematic noise or bias of
this type, which {s typical of psychoulogical tests, reduces mean item intercorre
lations substantially. The net effect on the test score distribution i{s similar
tc the effect of error. With sufficient {tem Leterogeneity the test constructer
does not have to distribute item difficulties in order to have a useful ordinal
scale. Item difficultics clustered closely around .50 will produce a U=shaped
distribution with highly homogeneous items carefully measured, but the same distri-
bution of {tem difficvlties with haeterogeneous {tems carefully measured will pro-
duce a unimodal distribution of total scores,

Criteria for Item Selection. If there were an objective external criterion
2f height available, (a) {t would be simple to obtain multiple regression weights
for the set of items, (b) but under these circumstances it would be unnccessary
to measure height with a set of {tems. The analogue to the test is to combine
these {tems selectively in a linear fsshion on the basis of internal data alonn.
Q

o



12

ha equally weighted linear combination of ali of the items listec woula ua-
doubtedly produce a4 score that would be rather highly corretated with height.
This score would probably be more highly correlsted with height than would euy une
~{ the components, but some sub-set of these ftems might produce an even higher
correlation. Cluatering or factoring might be possible, subject to the reseiva-
cions expressed earlier about the effects ofi disparate itew difficulties, but this
approach s far from simple. Depending upon the density of sampling of bodily
weasures one might find both finger and toe length factors, a long bone factor, a
vody width factor or factors, circumference factors, etc. If only one factor is
{o be used, it is probable that the long bone one is most highly correlated wich
ucight, but the test constructer working without this knowledge would have diffi-
culty justifying this selection. From item dsta alone hie grounds could only Lo
intuitive, following inspection of the items, and the {tems obviously refer to
lone length and not to full stature. Furthermor:, it ls highly probable thar the
entire set of items carries more {nformation about height than does tie long bun:
subset, so the problem of the test constructer is to bring in all of the ugeful
information and exclude the useless information from his test,

This si*uation can also be viewed in terms of the fsctor analytic methods
with parcticular reference to the problem of factoring in several orders. With
the use of very large numbers of items as contemplated in this test of Loigit,
there would probably be seversl firet order factors defined by anatomical locaviua
and by the dimensfon, {. e., length, breadth, or depth, measured. These factorr
would contain relatively little information concerning full stature; instead they
represent mainly systematic noise. Factors more closely related to full stature
wot 1d Le found in higher orders. With many width and bresdth measures along with
tiic measurcs of length, the factor in the highest order would probably represent

]E i%zady volume whilc stature would appear at the just lower order. This complexiiy

T vous 1y lcade to a8 problem of factor identitication aud a rsﬁuirxmonr or xLors
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nal .unctional relationships. In general, however, desired dispositions are not
first order factors.

The test constructer can proceed with simpler statistical methods, such as
item-total score correlations (internal consistency item analysis) than factor
analysis hut there are several problems here. An important one concerns the
original item pool. If it contains substantial numbers of width and depth mea-
sures, item selection by means of the total score correlations will lead to a
measure of body volume rather than of stature. Secondly, there are no criteria
for deciding at what point to exclude an {tem from & test. If the original item
pool ie approximately correct, but {Ff homogeneity atandards are set too high, use-
tul {tems will be excluded; 1f get too low items not contributing to the measure-
ment of height, as distinguished from the correlated measures of weight, will be
included.

Test constructers frequently use the ateepness of age or grade curves fo:
ltems administered to children as & criterion of item selection, but there are
many functions that increase with increasing age. Such age curves have beaen com=
monly used in the development of tests of intelligence, but their use has again
vecn dependent on the original {tem pool. Items from the pool not showing the
expected relationship with age are discarded objectively, but many, many items
that vould have shown the expected relationships with age do not appear 1o tte:
pool. For intelligence tcats the choice of items for the pool has been based
upon theory, tradition, and sveilability--and not necessarily in that order of
‘o0 tanne,

Without recourse to an externil physical measure of height the test con-
structer can only make use of the network of functional relationships involving
his test with measures of other functions as a check on his ftem selection. The

]E T}::atlons for items of the functional relationships involving total scores are

{ndirect so that the change of A measurenant cunstrucce b va. ying Srem 88
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selection {s a slow, arduous, and smbiguous task.

Summary of Multiple Item Punction. It is hoped that the function of nultiple
items, as well as the difficulties inherent in their use, has become clear. The
construéter of a psychological test has no physical measure to use as a criterion.
lle measures bita of behavior ({tems), each of which reflects the underlying dis-
position in which he is interested only to small degree. By adding the right itens
together he can build up the variance of the underlying disposition in the total
score, but he needs to reduce random error and to spread nonrandom noise as much as
possible. In the present physical analogue the test constructer is not interested
in measuring finger or toe length 88 such. Inastead hie interest lies in their
ability to give him a modicum of {nformation about stature. If he {includes too
many measures of finger and toe length in his stature score, there will be too
much variance present from factors in which he {s not interested. Such tias may
e present in sufficient amount to magk the information about stature. By bringins
in as many indicants of stature as possible, and varying their distribution over
the body as much as possible, the nonrandom noise while still present is minimize:-
or spread over 8o many functions or factors other than height that the total scorc
reflects height primarily.

For a psychological function such as verbal compreliension used in an earlies
illustration the availability of a population of words from which to siample ransr: -
ly, and in sufficient number, i{s & very important way in which to define the cen-
cral function or factor that one wishes to maximize in the total score. However,
‘tem populatlons from which to ssmple are relatively rare; when {tems are invente ',
the defining of a population is at best arbitrary and at worst impossille. To
distinguish between the nonrandom veriance of the disposition and of noise involvers
" lt?g term research operstion. The most hopeful procedure if one is restricted «»

FRIC\ evidence 1s factoring the intercorrelations of carefully constructed ite: s
T 89
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in oyders beyond the first. Much more often than not, first order factors repre-
sent systematic noise rather than the disposition in which the test cons.ructcr is
interested, while it i8 only in the second or higher order that he finds ihe con-
struct he 18 seeking to measure.

The above rzasoning represents & complete break with a tradition of test
construction {n psychology in which high {tem homogeneiry has been =n important
goal. The traditional reasoaing has been that, with high homogeneity, one could
infer that the test was measuring & unique, unitary fuaction or factor. With
sufficiently high homogeneity, the tes: becomes a Guttman scale though thls is
rarely attained. Scalability of a univarse of items, nevartheless, became a goal
coward which to strive,

This tradition leaves undefined the question as to how high the degree of
homogeneity should be. This represents a formal objection to the homogeneity
rodel, but the primary objection represented in this discussion {nvolves the
nature of test {tems. Items necessarily involvie several kinds of vompcnents.

For certain purposes one of these can be labelled the primary disposition while
others are necessarily nonrandom noise and random error. Guttman scales are un-
obtainable except under highly restrictive, even artificia?, situationms.

Radical solutions should always be entertained, including the possibility
that separate Guttman scales should be constructed for each source of nciwrsces
rnoise, while trying to hold constant all other sources of bias. What has been
noia¢, in other words, bhecomes many tests. The feasibility of this solution is fa
serrous doult, however, in terms of the sheer number of tests that would result.
any cstimate muat Le labelled a guess, but it {s a guess conditioned by test con-
si.uction experience of psychometricisns generally as well as by psychulogical
ausunptions concerning the number of possible sources, or causes, of responses tr

ERIC
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lonogcneous typically have mean levels of Intercorrelations less than .2U. .n
attitude measurement approximations to Guttman scales can be obtainea sith a tew
itemn having very diverse item popularities (defined statistically in a fashion
: linllar to item difficulty) in which essentislly the eame question is asked with
winor variations {n wording. Correlstions between attitude items and logical
seversals of those {tems are not high. All in all, a guess that tens of thousands
of tests would be the result is not out of line. It seems better to retain the
concept of nonerror noise and to allow test constructers freedom to broaden or
narrow {t at will, and {n accordance with scientific convenience, r.ther than to

impose the goal of high homogeneity on all tests.
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TABLE 1
Score Matrix Which Produces’ a Perfect

Guttman Scale

Items
13 2 3 4 5 6 7 8 S Test Score
a + o+ o+ + o+ o+ o+ o+ o+ 9
b+ + + + 4+ + + + 0 8
c + + + + + + + 0 o0 7
d + + + + + + 0 0 0 6
Jrsons e + + + + + 0 0 0 0 5
£ + + + + 0 0 0 0 (¢] 4
8 + + + 0 o] 0 0 0 0 3
h + + 0 (¢] 0 0 0 (¢] 0 2
i + 0 0 0 0 0 0 0 0 !
J 0 0 0 0 0 0 o 0 0 0

MEflcylty
Level

92




(x5}

Intercorrelations of the Items

.67

.31
T7

41
61
'80

TABLE 2

Guttman Scale

33
«50
.66
.82

.27
41
54

.82

93

.22
.33
43
.54
.66
.80

{n a

17
.25
33
41
50
.61

7

18

Perfect

.11
.17

27
.33
W41
.51
.67



19

TABLE 3
Score Matrix (Schematic) in Which Measurement Brror

Has Been Introduced on Potentially Scalable Items

Ltems
1 2 3 4 5 6 ? 8 9 Teat Score
a + + + + + 0 + 0 + 7
b + + + + 0 0 + + 0 6
c + + + 0 + 4+ o0 o0 0 5
d + + + 0 0 + 0 4+ O 5
Pergons e + + 0 + + 0 + 0 0 5
£ + 0 0 + + + 0 0 0 4
3 + 0 + + + 0 0 0 0 4
" + + + 0 O©0 + 0 o0 O 4
t + + 0 + 0 0 0 0 0 3
[} 0 + + 0 0 0 0 0 o 2

Difficulty
level

|9 l8 l7 l6 '5 04 l3 ‘2 .1
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\ Abstract

A methodology kas been described and illustrated for obtaining an evaluation
of the importance of the factors in a particular order of factoring that does not
require factoring beyond that order. For example, one can estimate the intercor-
relations of the original measures with the perturbations of the first-order fac-
tors held constant or, the reverse, estimate the :ontribution io the intercorrela-
tions of the original measures from the first-order factors alone. Similar

operations are possible a* higher orders.

O
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EVALUATING THE IMPORTANCE OF FACTORS IN ANY GIVEN ORDER OF FACTORING
Lleyd G. Humphreys, Ledyard R. Tucker, and Peter Dachler

University of Illinois, Urbana

One of us (Humphreys, 1962) has recommended hierarchical factoring of measures
of human abilities for reasons connected with a presumed gradient of importance of
factors in the reveral orders. One indication of importance is predictive
validity. Broad tests have generally higher predictive validities than narrow
tests. It is also very difficult empirically to find stable differential weights
for a variety of criteria for very narrow tests.

Valid objections can be raised to the evaluation of the fmportance of factors
based upon correlations with outside criteria, but by factoring in several orders
and using the Schmid~Leiman transformation (1957) to obtain a hierarchical
ortbogonal factor matrix an internal criterion can be obtained, The contributions
to common factor variance of the several factors can be computed and compared. It
occurred to vs, however, that an internal c¢riterion that did not involva higher
order factoring would be useful., Such a criterion i{s readily available.

Mathematical Development

We shall let R stand for any matrix of intercorrelations., The subscripts 2,
1, 2, etc. will designate original intercorrelations, intercorrelations of first-
order factors, intercorrelations of second~order factors, etc. Matrices of rotated
factor loadings (Harman's pattern matrices on the primary axes) will be symbolized
by P, also with appropriave subscripts. Estimated matrices are designated by the

circumflex. Thus, we have the following well known relationships:

I e '

LR, Uo] PR, P (1a)
-\ ~ '

LR - Uf] = P,R,P, (1b)

RIC
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An evaluation of the importance of the factors in a given order is obtained
by replacing the unities in the diagonal of R with the estimated commun:ilities of
the factors and multiplying as before. We symbolize the new matrix, which repre-
sents the estimated intercorrelations at a lower order with the perturbations of
the factors at the next higher order removed, in a fashion analogous to partial
correlations. Thus we have:

R =t & - Tz (22)

Fa) 2 ]
R, =P (R = ’02) ?, (2b)

Other matrices of interest can be derived immediately from the above. The

direct contribution of the first-order factors, in contrast to the control of their

effects, is given by the following:

Ir/‘ "2'\ A A2 ]
LRO - UOJ - Ro.1 a P1U1P1 (3a)
% . AZ4 . A 2t
LR) = U3 = R , = PU,P, (3b)
”~
These direct contributions of the factors can be designated as RD 2.3. .k and
. 9 LI ]

A

Rl 3, .k also in a fashion analogous to p.rtial correlations to indicate that the

effects of higher order factors have beeti removed. Thus the entries in the matrix
A

R0.2,3..k
~

correlations among the original measures. It also follows that R = U,
0.1,2,3..k 0

indicate the contributions of the first order factors only to the

which represents another example of the symbolism.

It has been suggested that low 62 values for factors may be obtaiued when
there is substantial capitalization upon chance (Horn, 1966), or when rotations
have been contrived to force data into a particular structure (Humphreys, 1967).
Low values of ﬁZ can also be obtained legitimately and objectively from the nature
of the data. Whatever the basis may be, if tae matrices of contribution to corre-
lations obhtained in th: fashion of Formula 3a contain valucs close to zero, the

first order factors in question can be consicered relatively unimnortant. A "real”

O
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factor may make only a minor contribution to covariation. A similar statement may
be made for ﬁl.3..k and second order factors,

It is possible to estimate communalities for factors in the several ways that
one estimates communalities for the original measures, but under certain conditions
squared multiples have much to recommend them. Multiple correlations, depending
as they do on the entire matrix of intercorrelations, are more stable than many
other communality estimates. Although squared multiples ar2 lower bound estimates
only in the population of observations and approach '"true" communalities only as
the population of measures is approached, they tend not to be seriously in error
when the number of measures, or factors as in the present case, is moderately large
and when the number of observations is much larger.

When the use of squared multiples is appropriate, it {8 unnecessary to factor
in a higher order in order to use formulas 2 and 3 in evaluating factor importance.
Thus the error of estimate variance, symbolized as 82, can be substiituted for 62

in formulas 2 and 3.

A 2 '
Ry.1 = B (R1 - 87) P, (%)
R =p s?p ()
1.2,3..k 1 1
We can now, in turn, let V = PS, which leads to the following relationship:
A ]
Ro.2,3. "1 V) )

The matrix V contains the projection of the measures on the normals to the
hyperplanes (Harman's reference vector structure), Consequently, these projections
can also be used to evaluate the contributions of the factors. Small corrzlations
with the reference vectors of measures of high communality indicate that the
important factors are in a higher order.

Illustrations of the Procedures

In order to illustrate these procedures we turned to published data. The

ic 98
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Adkins and Lyerly analysis of reasoning tests (1952) contains sufficient numbers
of factors in the first order to allow use of squared multiples as communality
estimates. The same {s true of the first-order factors in Cattell's study of fluid
and crystallized ability (1963).

It {8 not feasible to present large esti ated Intercorrelational matrices.
Other indices must be found. Distributions of the diagonals of the several
matrices constitute one compact way of describing the contributions of first order
and higher order factors. Intercorrelations of selected variables can also be
shown as more concrete {llustrations of the effects of first and higher order
factors.

Table 1 contains the distributions detcribed above along with means and
standard deviations. The first order factors in the Adkins and Lyerly data are
responsible for a higher percentage of the varfance than the first order factors
in the Cattell data. It should also be borne in mind in interpreting these re-
sults that the available communality would ordine ‘‘v be spread over many more
first-order factors than all higher order factors combined. Furthermore, several
of the Cattell first-order factors are specifics so that diagonals on R0.2,3...k
are, in a sense, inflated.

The lesser importance of Cattell’s first-order factors, it should also be
noted, i{s not critical with respect to his conclusions. His study was designed
for higher order factoring. In other studies, however, in which the first-order
factors are of prime iwportancz to the fnvestigator, the technique here being
{llustrated is a desirable, even necessary, check on the conclusions reached.

In both of the two sets of data the correlation between the two estimates of
the diagonal {s only moderately negative., This means that the effects of control-

ling first-order facturs or higher order factors are far from homogeneous with

O
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respect to the measures. Subsets of measures are differentially affected by
factors in the several orders. Table 2, for example, contains estimated and ob-
tained intercorrelations of selected verbal tests from Adkins and Lyerly.

Obtained correlations are below the diagonal while the estimated contributions to
the correlations of first-order fsctors alone and higher order factors alone are
above the diagonal. Within each cell abcve the dlagonal the upper value repre=-
sents R0.2,3..k’ the lower value RO.I" Thus we see that the intercorrelations of
the verbal tests in this analysis tend to be explained more bv higher order factors
than by first-order factors.

Table 3 concains similar data for the Primary Mental Ability measures used by
Cattell. First-order factors contribute only to the correlatinns between the
parallel forms while the higher order factors account, as one would expect, for the
intercorrelations of the different tests. The Fluency test for which no parallel
form was avallable defined a specific factor in the Cattell analysis. This is
clearly seen in the correlationrs presented. Furthermore, 39 of the possible 40

correlations with other variables in the full R matrix are smaller than

0.2,3..k
«10 for the Fluvency measure, and the fortieth is less than .20.

O
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Summary and Conclusions

A methodology has been described and illustrated for obtaining an evaluation
of the importance of the factors in a particular order of factoring that does not
require factoring beyond that order. For example, one can estimate Line inter-
correlations of the original measures with the perturbations of the first-order
factors held constant or, the reverse, estimate the contribution to the inter-
correlations of the original measures from the first-order factors alone. Similar
operations are possible at higher orders.

An estimate of communalii; of the factors at a given level is required in
order to estimate correlations at the lower level. When many factors are involved,
squared multiples can be used for this purpcse. Under these circumstances, also,
the importance of the factors can be gauged by the size of the correlations of the
original measures, or factors, with the reference vector structure for those

measures or factors.
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Table 1

Distributions of Dlagonal Values in Ro.1 and R0.2,3...k

from Two Separate Analyses

Adkins and Lyerly (1952) Cattell (1963)
Ro.1 R0.2,3,..k Ro.1 R0.2,3...k

65 1
60 1 1
55 1 0
50 1 2 1
45 1 6 5
40 3 13 2 4
35 7 14 4 5
30 9 16 8 6
25 7 5 15 9
20 13 5 7 7
15 9 2 2 3
10 5 3
05 3
00 5

-05 2

-10 0

-15 1
X .22 .37 .28 .33
s .13 .10 .10 .11
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Table 2
Comparison of Obtained and Estimated Intercorrelations

of Selected Verbal Tests from Adkins and Lyerly (1952)%*

49 50 59 60 61 62
49 Reading 1 30 26 21 21 44
32 32 38 36 29
50 Reading 2 65 21 21 23 27
36 38 37 33
59 verbal Analogies 57 54 17 20 28
: 41 41 34
60 Verbal Classification 1 58 59 58 30 21
48 41
61 Verbal Classiffication 2 56 60 61 87 21
40

62 Vocabulary 74 65 65 63 62

* Measures are numbered as in Adkins and Lyerly. Entries below the
diagonal are observed intercorrelations; the upper one of the pair of
entries above the diagonal is from R0.2,3..k {first order factor
contributions), and the lower one ie& fron R0.1 (higher order factor

contributions).
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Table 3
Intercorrelations of PMA Measures
from Cattell (1963)*

1 2 3 4 5 6 7 8 )

1 Verbal 1 48 04 05 00 02 =02 -02 08
38 27 26 43 39 36 34 36
2 Verbal 2 86 00 00 00 02 00 =02 09
29 28 43 40 39 36 37
3 Space 1 30 30 53 =02 00 -04 (1) 05
26 24 24 1¢ 13 20
4 Space 2 32 27 79 -03 03 -04 0l 05
25 23 20 14 1¢
5 Reasoning 1 41 42 21 23 40 02 04 03
38 41 41 34
6 Reasoning 2 42 41 25 25 77 02 01 05
39 38 30
7 Numerical 1 34 37 23 16 40 37 44 04
33 39
8 Numerical 2 32 33 19 14 43 39 78 04
36

9 Fluency 44 45 17 22 36 33 42 40

* Entries below the diagonal are observed intercorrelations; thc upper
one of the pair of entries above the diagonal is from Ro 2 3..k (first
. Il [ X ]
order factor contributions), and the lower one is from Ro 1 (higher order

factor contributions).
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abstract

A major conclusion of the 1947 Scottish survey of intelligence was
that there had been a gain since 1932 on the group test but ao gain
on the individual Stanford-DBinet test. This conclusion {s marred,
however, by the use of regression methods of equating the 1916 and 1937
editions of the ifudividual test for which only 89 cases were available.
Avoidance of the sample of 89 cases who had been administered both
editions of the individual test by the use of the equipercentile method
of equation reveals paralicl gains fo: *>~ ¢ the group and the individual
test. There 15 no need to qualify the conclusion that a small in-
crease in Intelligence among Scottish school children occurred between

1933 and 1947.

O
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Footnote to the Scottish Survey of Intelligence
Lloyd G. Bumphreys
University of Illinois

The results of the 1947 Scottish survey of intelligence (Scottish Council
for Research in Education, 1949) were somewhat ambiguous, as reported, with
respect to a gain in intelligence batween 1932 and 1947. The group test, which
was the principal survey instrument, showed a gair. The 1916 2ad the 1937 editions
of the Stanford-Binet were also administered in 1933 and 1947, respectively, to
500 or more students of each sex. When the two editions were equated, by a
procedure which will be described briefly below, the authors reported a slight
loss for girls. Overall the mean intelligence quotients were almost precisely
the same. The conflict in results betweea the group test and the individual tests
has sometimes been interpreted as meaning that ''real" intelligence did not change.

The procedures used in equating the two versions of the individual test are,
howaver, open to question. First, the authors used a regression method for
equating group and individual test scores separately for the two sexes. Then they
used a regression method for equating the scores on the separate individual tests.
The equation of group to individual test involved 500 or more of the special cases
for each sex, but the final equation of the two individual tests involved only 8%
cases of both sexes combined.

A good case can be made against the regression method of equating scores on
tvo tests each of which is supposedly measuring basically the same function. in
even better case can be made for forgetting about the 89 cases who had been given
both versions of the individual test and base the equation of the two on their
relationship to the group test. An N of 1000 >r more for this step in the proce-
dure bas clear advantages over an N of 89 but use of the large N requirea the

equipercentile method of conversion,

O
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There are advantages to the use of the equipercentile method over and beyond
its applicability to the data based upon the large N. 't requires only ordinal
scales of measurement and is thus independent of the shape of the regression. It
is also independent of attentuation in the slope of the regression introduced by
measurement error. It does require the assumption that the two measures are
equally valid measures c¢f the trait, but the regression method requires a different
and at least equally difficult assumption that one of the two measures can be
considered the criterion measure of the trait.

Table 1 contains ccmparable scores for boys and girls for each level of the
group test on the 1916 and 1937 editions of the Stanford-Binet. Also included
are the differences between the fintelligence quntients for each level of the group
test. When these differences are weighted by their respective Ns and averaged,
it is seen that the mean difference in intelligence quotients for boys between
the 1916 and 1937 editions is 3.14 units. The comparable figure for girls 1is
~.99. There is clearly an interaction between sex and the two editions of the
Stanford-Pinet when the conversion is based upon the group test common to both
testing periods. This same interaction is also seen in the results from the 6-day
sample in which girls are slightly superior to boys on the group test and signi-
ficantly inferior to boys on the 1337 revision. For some reason, Scottish girls
secmed to be at a relativ