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The Foundations of Verbal Comprehension 1

2Earl Hunt

The Univers ity of Washington

It is currently fashionable to extol] the intuitive , who] istic ,

non-verbal process of the right hemisphere at the expense of the picky ,

verbal , serial processing of the left (Fincher 1976). The tyranny of

language is deplored by those who profess to be humanists . This is

amazing. Language is what makes us human , few of us have the spatial

orientation of a hawk. The predomi nant mode of our thought is verbal ,

and if we are going to understand human cognition we must understand

verbal thinking.

It is easy to measure verbal aptitude . By aski ng a few basic

questi ons about vocabulary , grammar , and simple paragraph comprehension

one can predict performance in a wi de variety of situations . To illus-

trate, Table 1 shows the correlations between verbal aptitude scores,

as measured by a conventional scholastic aptitude test, and grade

point averages for a variety of majors at the University of Washington .

Tables 1 , 2 about here

Outs i de academi a similar relationships have been found. Table 2 shows

the verbal apti tude scores achieved by a group of World War 11 aviation

cadets , as a function of their subsequent civilian occupations. There 
~~~~~~~~~~~~ 

j

are real , easily measured di fferences in verbal competence , and these G~ctti~j

di fferences have importance in our lives. Why these di fferences exist a

is very much an open question.

Di fferential psychologists search for the genesis of verbal
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competence by searching for a set of basic traits from which observed

di fferences in behavi or can be generated. Thei r methods of investigation

are des igned to reveal how many ~basic ” traits must be postulated , and

to determine how these traits are related to other talents , such as

spatial reasoning. I and my colleagues have taken a rather di fferent

app roach , based upon our view of thinking as a problem in information

handling. We have exam i ned tasks that , on theoreti ca l grounds , ought

to be important in handling linguistic info rmation processing problems ,

and asked how behavior on these tasks is related to performance on

verbal apti tude tests. An important point is that we are not trying to

“explain the test scores.” Rather , we v iew the tests as conven ient

meas ures to assure that we obta in a range of verbal competenc ies in the

populations we study. As will be shown , we are qui te willing to use

other measures of general intellec tual competence. Our goal i s to

understand how informati on processing varies over individuals , not to

predi ct the vari ance on a speci fic test.

It would be ni ce to believe that our approach w ill coa l esce with

more tradi tional research on aptitudes. After all , we are studying the

same phenomena. There is no guarantee that this will happen . Indeed ,

I and my colleagues have begun to suspect that there are fundamental

conceptual incompatabi lities between the ways that di fferential

psychologists and information processing psychologists view the problem

of explaining individual di fferences (Hunt, (lacLeod & Lansman , Note 1.).

The ex pl anations I shall p ropose for our findi ngs comp lement rather

than rep lace or ampli fy the explanations generated by convent ional

psychometri c studies.

2
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Theoretical Cons iderati ons

A basic assumption of information processing psychology is that

‘4 

. language messages are handled in stages. The first is a decoding stage,

in which arbitrary physical patterns are recognized as representations

of concepts in the lexicon. The second stage is an active memory

stage, in which the recognized lexical i tems are rearranged in memory

unti l they form a coherent linguistic structure. The thi rd is the

sentence processing stage, in which the semantic meaning of the linguis-

tic structure is extracted and i ncorporated into our knowledge of the

current situation. In the fourth stage the current situati on itself

is analyzed wi th respect to information held in long term memory and , if

appropriate , a response is chosen and emitted.

If people were literally computers,and if human languages could

be analyzed by the techniques used to deal wi th computer languages such

as FORTRAN or ALGOL , these stages would be executed in a strict sequence.

People are not computers, and language analysis is not sequential.

Nevertheless , the conce pt of stages i s a useful one even when allowan ce

is made for plenti ful feedback between stages . I shall argue that

individual differences appear at each of the stages of information

processing and that they are important in determining verbal competence.

My concrete ev idence , though , will be confined to an analysis through H

the sentence process i ng level.

A listi ng of stages does not consti tute a model . We must also

consider the kind of control involved in analyzing language data. A H

substantial amount of information processing in the earlier stages of

linguistic thought appears to take place in what Posner and Snyder (1975)

have referred to as the automati c mode. Thi s mode is simply defined
,3
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an automatic process takes place whether we wish it to or not, and it
- 

. does not interfere with other ongoi ng processes. Recognition of the

meaning of very familiar printed words is a good example. This process
‘4

cannot be supressed even when it is advantageous to do so (Stroop,

1935). Once past tI~ lexica1 stage , we begin to see more use of what

Shi ffrin and Schneider (1977) refer to as “vei led control p rocesses ” ;

processes that are not subject to conscious inspection , but that can be

shown to draw upon attentional resources. The search processes

psychologists have postulated to explain memory scanning experiments

are frequently cited examples. Simil ar ve i led processes occur when we

are requi red to understand the mean ing of very simp le sentences , such as

“The p lus i s above the star ” (an examp le to whi ch I shall return). We

are not aware of how we analyze these sentences, but it can be shown

that the analysis requi res attentional resources.

A thi rd level of attention allocati on is represented by the con-

scious strategies people adopt to make sense out of language stimuli. An

example of such a process is the strategy one mi ght adopt for solving

multiple choice test items. One could look at the question , select

the best answer gi ven the question , and then search for that answer

among the alternatives provided. Another strategy is to read al l the

alternatives , and then examine the question to see which one fits best.

Each strategy has diffe rent implications about attention allocation , and

people are consciously aware of the strategies that they use.

More complex ver bal problem so lv ing situati ons requi re stil l more

complex skills for representing and attacking probl ems . To solve the

mystery in a detective novel , for example , one must di scover who had

the motive , who had the means , and who had the opportuni ty. Some people

4
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may do this by constructing scenari os that they exami ne for plausabi lity ,

perhaps through the use of visual or verbal imagery . Others may prefer
a

the abstract logic of Sherlock Holmes. We know very little about

individua l di fferences at this level. Our lack of knowledge is a ser-

ious problem, for it biases our theorizing. There is no reason to

believe that verbal performance is the result of a linear combination

of component abilities , or that the same linear combination of components

is applicable throughout the entire range of human verbal competence.

Letter naming speed may be a good discriminator of the di fference be-

tween the lower and average ranges of verbal ability , while the differ-

ence between the average newspaper reporter and a Pulitzer Prize winner

may be more subtle. This must be kept ir, mind when we draw conclusions

from the results of studies of “common garden variety” p rob lem so l vers.

In spite of this warning, we must concentrate on what we know. We

have found that there are reliable individual differences in mechanis-

tic processes of information handling within the population represented

by unive rsity students, and wi thin populations of somewhat lower ability .

These di fferences appear to account for a substantial porti on of the

individua l variation in verbal competence observed within these popula-

tions. The differences we have found do not appear to be associated

wi th di fferential possession of knowl edge about the language , but rather

wi th di fferential ability to manipulate the symbols that compri se it.

Structural Process es

Decoding . Lexical analysis requires the decoding of arbitrary

physical signals to connect them to conceptual units in a language .

The sound /cat/ must be recogni zed as a referent for the an imal.

Posner and Mi tchell’s (1967) stimulus ~ .~ification paradi gm has

5
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proven to be useful in studying thi s process. In a stimulus identifica-

tion study the subject is presented with a pair of highly overlearned
‘4 

stimuli , usua l ly letters. The task is to state whether the two

stimulu have the same name. First , consider the pair A-A . Thi s is a

physically identical (P1) pair , it would be possible to determine that

these symbols had the same name even if you did not know what that name

was. Next, consider the name identical (NI) pair A-a. In order to

complete the i dentification task the names of these symbols must be

retrieved from memory . A third possibility is that the pai r is di f-

ferent (U), as in the case of A-B. If 0 and i~I pairs are mi xed it is

necessary to retrieve the name of all letters in order to make the

correct res ponse .

Posner and Mi tchel l, and since them many others , found that it takes

longer to make an NI than a P1 response. A strictly serial model , in

which physical identifi cation is attempted fi rst, and name i dentifi ca-

tion attempted only if physical identi fication fails , justifies sub-

tracting P1 reacti on time from NI reacti on time in order to arrive at

an estimate of the time requi red to retrieve the name of a symbol , surely

an important part of verbal comprehension . For brevity , I shall refer

to the IJI-PI measure. A number of investigators have found that the

NI-PI measure discriminates between persons whom one would think to

have more or less verbal thinking ability . This data is sumari zed in

Figure 1. The range of the measure is striking. A typical difference

between NI and P1 reaction times for a college student scoring in the

upper quartile of a verbal aptituc~test (a “high verbal” in subsequent

remarks) is 65 milliseconds , whereas educabl e menta l retardates show

an NI-PI di fference score of over 300 milliseconds (Hunt, 1978)
.6
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Figure 1 about here

In spite of the regular and interpretable picture presented by

Figure 1 , work with the stimulus identification paradi gm in other

settings has rai sed serious question about the accuracy of the serial

model itself (Posner & Snyder, 1975). It appears more correct to assume

that both the NI and P1 tasks involve identi fi cation at the name level ,

followed by a binary choice and a motor response. The name retrieval

process is more important in the NI task, because the names of two

symbols must be retrieved , but the subtracti on operation no longer has

a simple theoretical interpretation. The resulting analysis becomes

quite detailed , because the data analysis technique one uses to deri ve

a measure of name retrieval depends upon the precise model on espouses

for the task. (See Hunt et a]., Note 1 , for comments on the general

problem.) Fortunately for those who wish merely to determine whether

or not the name retrieva l process is important in ~ndi vidua 1 di fferences,

the fact is tha t almost any reasonable choice of a response measure is

satisfactory. The ratio of NI to P1 reaction times increases as ver-

bal competence decreases 3, and the correlati on between measures of

verbal competence and NI reaction time alone is generally in the .35 to

.45 range (Lansman, Note 2; Jackson & (IcCielland , 1978).

If decoding is an important part of verbal competence one would

expect to show a developmental trend for decoding, as verbal competence

clearly grows with age. Table 3 presents some data gathered by Judith

Warren as part of a doctoral dissertation now in progress. As can be

seen, there is a strong developmenta l trend. Warren also found

7 
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Table 3 here

significant correlations between the NI-PI measure and WISC verbal IQ

scores . Furthermore, there were signi fi cant sex di fferences in favor of

girls, which is consistent with the genera] finding that girls outperform

boys in verbal tasks (Maccoby & Jacklin , 1974).

Finally, if name retrieval is an important part of verbal compre-

hension one would expect it to have its maximum effect upon tests of

reading. Jackson and McClelland (1978), using an extreme groups design ,

reported a correlation of .45 between NI alone and skill in reading in a

co l lege popula tion , surely a group with a restricted range of reading

comprehension . Our own results in studies of reading comprehension in a

more general population confi rms Jackson and McCle lland ’s finding, and

further suggests that the relation found may depend upon the leve l of

verbal ability .

We can sum up these results by saying that there clearly is an

associati on between verbal competence and the simple act of i denti fying

the name of a symbol . This observation is of interest for two reasons;

it provides a link between an important stage of verba l cognition , as

identified by cognitive theorists , and individual di fferences as measured

by conven tional aptitude tes ts. Furthermore , the process does not seem

to be an operation that would be influenced by di fferential knowledge

possession. Most university students know the alphabet fairly well.

Holding information in acti ve memory: In principle , one’s memory

should be involved in such simple cognitive acts as determining that a

.:
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sentence i s grammatical. The re clearly are di fferences in short term

memory capacity that are associated wi th language capacity , as shown

by the many experiments that have related IQ to digit span. The

correlation found , however , is often due to a radi cal drop in digi t span

in persons w ith very low general mental competence (Matarazzo , 1972).

In order to cons ider the rel ation between primary memory and general

mental competence in depth , we need to consider in more detai l the

components of the act of retaining information for a bri ef period of

time .

Hunt, Lunneborg , and Lewis (1975 ) examined the acti ve memory

capacities of “high verbal ’ and “ low verba l” college students , (i.e.,

students with low verbal scores for college students). We used a ve r-

sion of the Brown-Peterson short term memory paradi gm, in which the sub-

ject was fi rst shown four letters, then repeated aloud a string of

digits , presented visually one at a time,and finally recalled the letters .

Figure 2 shows recall performance as a function of the number of digits

shadowed. The high verbal students appear to establish an initial

Figure 2 about here

advantage (perhaps due to rapid decoding) and then retain it in the

face of the inte rfering material. This can be explained by the assump-

tion that the high verbal students code information into recognized

i tems more rapidly than do the low verbal students , but that they did

not have an advantage in resisting interfering material .

In Hunt et al. ’s study very short lists of i tems were used. What

would happen if longer lists were used? Cohen and Sandberg (1977)

9 
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report a large study of the relation between intelligence and the re-

call of supra-span lists by Swedish schoolchi l dren. Their subjects had

to memorize lists of nine digits , which is well beyond the memory span

for most grade school children . Using a probe recal l procedure , Cohen

and Sandberg estimated separately the childre n ’s ability to recall

the first three digits presented (primacy), the mi ddle three, or the

last three (regency). They found that the correlations observed between

recall and scholasti c aptitude were due to the more competent children

performing better on the recency portion of the curve . This is shown in

Fi gure 3. Note that this is consistent wi th Hunt et al. ’s results ,

Fi gure 3 here

since the shorte r lists that we used would be within the recency portion

of the recall curve had we used the Cohen and Sandberg procedure.

The ability to recall strings of digits and letters is not parti-

cularly useful in most situations . We need to conside r what advantages

mi ght be gained by having a good “recency” short term memory in Inte l-

lectual tasks in general. We have found evidence for two types of

advantage. Larger short term memories may increase the strategies

that a person can use i n a p rob lem sol v i ng tas k, and performance on a

short term memory task may indi cate the attentional effort required to

hold information in active memory. The less effort requi red to do this ,

the more capaci ty there is available for other tasks.

Suppose a person is asked to recall a list of some thirty or more

wor ds. Obvious ly errors w ill be made. Recall w il l be more accura te

if the list is made up of items drawn from a relatively few semantic

10
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categories; say animals , vegetab les , and minera ls. In thi s case free

recall displays the clusteri n.g phenomenon ; the typi cal subject will re-

call i tems from one semantic category and then i tems from another

(Bousfield , 1953). Hunt , Frost, and Lunneborg (1973) found , somewha t to

our surprise, that high verbal students cluster less than low verbal

students . The relevant portion of our data is shown in Table 4. This

Table 4 here

result was something of a puzzle to us, unti l Schwartz (Note 3) combined

this result wi th the results on short term memory. Schwartz reasoned

that hi gh verbals could afford to not cl uster part of a supra-span list

because they could simply read out the last few i tems from active memory.

If this were the case , then high verbals should show less clustering

than low verbals on the first few i tems recalled , but would show

progressively more clustering as recall progressed, because the later

recalled i tems would be retrieved from long term rather than from acti ve

memory. Table 4 also shows Schwart ’s data , it is clear that his hypo-

thesis was borne out. Because of their greater short term memory

capacity , the high verbals had a strategy available that the low ver-

bals could not use.

The fact that students with hi gh verbal apti tude scores have larger

acti ve memories need not imply that they have larger skulls. An alterna-

tive formulation of active memory capacity focuses upon the allocation

of attention. Lansman (1978) combined the Atkinson and Shiffrin (1968)

continuous paired associates procedure with the secondary task method-

ology (Norman & Bobrow , 1975) to measure the effort devoted to

11 
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memorizing info rmation. Her subjects had to respond to a light by

pressing a button , while keeping track of the changi ng state of 0 van-

ables (no memory load), 2 vari ables (light memory load), or 6 var iab les

(heavy memory load). There was a substantial i ncrease in reaction times

to the light signal from the no memory load to the light load condition ,

even though subjects made virtually no errors under the light load.

Furthermore, the amount of the inc rease in the light load condition was

a predictor of the number of errors that would be made in the high load

condition . This demonstrates the fact that active memory maintenance

is an attention demanding act, and that there are individual differences

in the ability to bring attentional resources to bear on it. Since

memory load is a component , but only one component, of tasks such as

sentence pa rsing or the solving of simple ari thmetic problems (Hitch ,

1978), and since these tasks are also attention demanding, it is clear

that it would be advantageous to be able to devote less capacity to

memory and more to problem solving in many situations . But is it the

case that the verbally competent simply have a greater attentional capa-

city, or are they more able to focus their resources?

Attenti on Allocati on

Posner and Boies (1971) distinguished three separate aspects of

attention ; general arousal , the capacity to restrict attention to task

re levant cues , and the ability to switch attention from one task to

another. A l l, one, or two of these components might vary wi th general

verbal apti tude. An unpublished experiment by Steven Pol trock and my-

self provided some relevant data. Sixty high school students parti cipat-

ed in a series of tasks designed to measure different aspects of the

12



ability to control attention.

In order to measure general attention level we used a simple two-

choi ce reaction time task , in which the subject faced a screen on wh ich

a light appeared. The light could appear at either of two locations,

and the subject’s task was to press a switch imediately under the light

location . Thus this task provides a measure of general alertness , plus

a component due to choi ce reaction time under condi tions of high

stimulus-response compatability .4 Measuring selective attention pre-

sented a more di fficult problem , as one could imagine different forms of

selecti ve attention , depending upon the nature of the stimulus to be

attended to and the nature of the interfering stimuli. We decided to

average performance on three separate tasks thought to requi re selective

attention. These were :

(1) The Stroop (1935) effect; measured by the time required to

name the ink in which color names were printed minus the time required

to name the color of the ink in which asterisks were printed.

(2) The time required to read aloud a randomly ordered sequence

of words minus the time requi red to read the same words in a coherent

text. The reading of random words requi res that the subjects suppress

the normal tendency to scan ahead when reading aloud , in order to pick

up cues concerning voice and intonation .

(3) Shadowing in the presence of dichotic interfe rence.

Mi xed lists of words and digits were presented to each ear. The task

was to report the digits presented to one of the ears, the measure of

interfe rence was the number of intrus ions , defined as the report of a

digit presented to the wrong ear.

13
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In order to obtain an overall measure of sensitivity to selecti ve

attention the score s in these three tasks were standa rdi zed and added.
- -I Finally, we required a measure of attention switching. Here ,

fortunately, we could benefi t from previous work (Gopher & Kahneman ,

• 1971; Kahneman , Ben-Ishai , & Lotan , 1973) that had shown substantial

individual differences in a vari ant of the dichoti c listening paradigm.

As subj ects we re shadowing one ear they would be signaled to swi tch to

the other ear. On control trials they simpl y received a signal indica t-

ing that they should continue to monitor the ear they were now shadowi ng.

Our measure of speed of attention reallocation was the number of digits

correctly reported immediately following a switch.

There was no correlati on (r = -.06) between the simple reacti on

time task and verbal aptitude . On the other hand , there were significant

correlations between verbal apti tude and measures of both selective

attention and attention swi tching. These correlations are shown in Table

5. In addition to the significant first order correlations , both

selecti ve attention and attention switching have signi ficant partial

correlations ~iith verbal aptitude when the other attention measure is

Tab le 5 about here

controlled.

This experiment is at best a start toward the study of attentional

factors in intellectual competence. While a great deal of work needs to

be done, the result is consistent with the i dea that the control of

attention is important. This becomes of interest when we consider an

explicitly verbal task that requires attention allocation , the

14
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comprehens ion of sentences.

Sentence Comprehens ion

The experiments to be considered in thi s section deal wi th veri-

fication of simple linguistic descriptions of a simple world. The task

• was developed by Clark and Chase (1972), who used sentences of the

form PLUS IS ABOVE STAR or PLUS IS NOT BELOW STAR and pi ctures of the

form ( ) or ( ). In the “sentence fi rst” version of the paradigm

the subject is first shown a sentence, then a pi cture, and must indicate

whether or not the sentence accurately descri bed the picture. The

dependent vari able is veri fication reaction time, the time between dis-

play of the picture and the subject’s response. An alternati ve pro-

cedure involves presenting a large number of pictures and sentences in

paper and pencil form, and asking how many the subject can veri fy in a

fixed time. There is a correlation of .70 between the two procedures

(Lansman, Note 2).

The sentence veri fication task has a number of features that

recommend it as a measure of verbal information processing. On the face

of it , the task is impossible unless one knows the meaning of words ,

but on the other hand the words used are so common that it can be

presumed that they are in the vocabulary of every junior high school

graduate. We are confident that any variati ons in veri ficati on time due

to individual differences in word identifi cation will be due to decoding

di fference rather than bei ng due to di fferences in vocabulary . It is

an attention demanding task, as can be shown by an analysis using the

secondary task methodology (Hunt & MacLeod , Note 4), and the attention

15

L~. • _____



- — - - —~.--=-———--—.~~ —-..•~~~.

demands are closely tied to the complexi ty of the comparison process.

Veri fi cation reacti on times increase for negati ve compared to affi rma-

ti ve sentences , and false sentences generally take longer to reject

• than true sentences do to confi rm (Clark & Chase , 1972). Gi ven these

facts, it is not surprising to find that people with high verbal aptitude

scores are more rapid at sentence verification (Baddeley , 1968; Hunt ,

Lunnenborg & Lewis , 1975; Lansman , Note 2). The correlation between

sentence veri fication reaction time and verbal aptitude measures is

F generally in the .35-.55 range. Lansman (1978) found that this correla-

tion can be substantially improved by introducing choice reaction time

as a covariate. Note that this is a reasonable thing to do because the

final motor response is a choice of making the “true” or “false ”

response. When simple choice reaction time (measured by a procedure

similar to that used by Poltrock & Hunt) was “held constant ,” the

partial correlati on between sentence veri fication time and a vocabulary

test was .73. A similar correlation was found with a reading compre-

hension test. As the vocabulary and comprehension measures in Lansman ’s

study referred to tests taken as much as three years before the experi-

ment itself , this correlation approaches the test-retest reliability of

the psychometri c measure . Furthermore , on the face of things there is

no reason why someone who knows many words should also be quick at

veri fying sentences consisting of simple words.

These results are encouraging to those who seek a rapid measure

of verbal competence that is not bound to knowledge. I shall now report

some studies that show how much strategies can infl uence information

processing. A slight change in procedure , from the s imul taneous

16
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presentation condition used by Lladdeley and by Lansman to the sentence

fi rst procedure used by Clark and Chase, introduces a new and signifi-

cant source of vari ance. In the sentence fi rst procedure the subject

can choose di fferent strategies , and thi s choice can play havoc wi th an

analysis of the trai ts that underlie performance.

To recall the task briefly , in the “sentence first” procedure the

subject is shown the sentence, given a chance to read and comprehend it ,

and then shown the picture. MacLeod , Hunt, and Mathews (1978) found

that when this was done some people read the sentence, memorized it ,

described the picture to themselves when it w,~s shown , and then compare d

the descriptions. Let us call these people “verbal problem solvers .”

Another group of subjects , whom I shall call “visual problem solvers ,”

used the sentence as a cue to visualize the expected picture , and then

compared the actual picture to an image of its expectation. Individual H
performance of the verbal problem solvers was well predicted by a test of

verbal apti tude , while performance of the visual problem solvers was

wel l predicted by a test of spatial apti tude. This statement , however ,

does not really capture the contrast between the data of the two groups

who, it will be remembered , were the same stimuli. To bring the

distinction out more clearly, Figure 4 plots the mean veri ficati on

reaction time for each group of subjects as a function of the linguistic

complexi ty of the veri fi cation task , calculated by applying Carpenter

and Just’s (1975) linguistic comparison model to the task.

Figure 4 here

The close fit of this group to the Carpenter and Just model is

—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - -- -
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not surpri s ing . MacLeod et a l .’s method of definition of groups ensured

that there would be one such group. What is interesting is the complete

lack of fit of the second group. A result that was not dictated by the

analyti cal procedures. Further , the “visual” group’s data could not be

fit by ~~ reasonable linguistic model , as this data shows no effect of

negation , which many studies have shown to be a powerful psycholinguis-

tic vari able.

For one who seeks stable predictors of performance thi s result is a

mi nor disaster. We have shown that choi ce of strategy may determine

correlational patterns, a situation that is anathema to orderly psycho-

metric models. In theory, predictive power might be restored by using

a person ’s choice of strategy itself as a marker in making predictions .

Unfortunately this will not work , either , for one can change an individual’ s

pattern of data simply by requesting that the subject use an alternative

strategy. Figure 5 shows some data from one of the subjects in a

second (yet unpublished) study by Mathews , MacLeod, and myself. This

subject was first allowed to choose a strategy , and evidently chose a

verbal one. Subsequently he was asked to use avisual strategy , and then

a verbal one. Similar switches can be produced in the behavior of

Figure 5 here

subjects who initially begin with visual strategies . If qualitati ve

changes of behavior can so easily be produced in this straightforward

task , how many strategies are there for understandin g War and Peace?

18
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Concludi ng Comments

It seems clear that there are strictly mechanica l components to

individual differences in verbal competence. I have argued that these

di fferences lie in three major areas; automatic , structura l processes

such as decoding and short term memory capacity , the ability to control

attention , and the use of strategies. While the automatic processes

are reasonably stable over time and situati on , it is clear that the

attentional processes and strategy choi ces are liable. Are these

processes reasonably conside red part of intelligence?

They certainly are components of individual mental competence .

Gi ven that , who needs the concept of intelligence? I believe that we

ought to drop the notion of intelligence as a trait , or even as a space

of trai ts, when we are trying to understand intellectual performance.

Trai ts are statistica l abstractions , and do not refer to any physical

processes inside the head. If our theories of cognition are correct

(admitting a big “if”), parameter estimate of information processing

stages and structures may be closer to measuring real things than are

the psychometri c procedures for trait estimation. When mental

competence is to be studied as a phenomena to be explained , informa-

tion processing measures provide more useful dependent mea~ures .

For example , it seems to me that studying the genetic correlates of

performance on an omnibus “IQ” measure has little point , but that study-

ing the genetic correlates of symbol decoding or short term memory

capacity is reasonable. It seems equally reasonable to speak of two

indi vi duals as being comparable in their norma l mental competence, and

then adding that one is more prone than the other to deterioration

in attenti onal control mechanisms due to some pathological condi tion ,

- 
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such as alcohol intoxi cati on . Is one “less intelligent” than the other?

The question does not make sense.

The questi on changes somewhat when mental measurement is to be

used as an independent vari able in a predicti ve situation. At times we

legitimately make predictions about abstract concepts on a mass basis ,

e.g., predictions about occupational success as a function of mental

competence. In such cases we are predicting from one statistical

abstraction to another , and the traditional psychometri c methods are

quite appropriate. In other cases, though , we may desire absolute

rather than rel ative prediction. This is particularly likely to occur

when we are interested in the performance of identifiable individuals

on speci fic tasks. To be pragmati c, will Astronaut Smi th be able to

l and the mars probe wi thin x meters of the target point? In such

situations the absolute , informati on processing approach to mental

capacity may be made more useful than the relativistic approach of

psychometrics.

In spi te of the fact that this article presents a number of correla-

tion coefficients , I stress again that we are not interested in explain-

ing the intelligence test.. .we simply use these tests as rough and

ready measu res of genera l competence . We have shown that the measures

one would expect to be important in information processing are roughly

associated with general competence. If the correlations are not

higher this may be at least as much the fault of the apti tude tests as

It is of the informati on processing measures. In our future work I

and my colleagues plan to go beyond these correlational studies , to

exami ne how the informati on processing measures covary wi th each other ,

20 
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and how they change as indi vi duals and as ecologically valid variables

in individual life change . We will be looking at changes in individuals

over age, time of day , relationship, and drug state. While we may never

compute another correlation coefficient between an i nformation processing

measure and a psychometric trait (although I suspect that we will),

we will still be developing a theory of individual di fferences. This

• theory is intended to provide a complement to trait theories. It

certainly will nei ther expand nor replace them.

21
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The research reported here was supported by that contract and by a grant
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Cognition ,” to the Univers i ty of Washington . This paper is the text of
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Cogniti ve Process Analyses , sponsored by the Offi ce of Naval Research ,

in San Diego , Ca., March 1978.

2. I am happy to acknowledge the considerable advice and assistance

I have received from Marcy Lansman , Clifford Lunneborg , Coh n MacLeo d,

and Steven Poltrock over the period duri ng which this research was con-

ducted. Naturally I must shoulder the blame for writing and for any

mistakes , misstatements , or erroneous conclusion in thi s paper, no matter

how much I should like to share it!

3. This measure cannot be compared across experi ments , as motor

reaction time will be markedly influenced by apparatus variables.

4. A warning signal always preceeded the choice signal in this experi-

ment. In retrospect, we ought to have compared conditions with and

without the warning signal , in order to measure the speed wi th which the

subject could alert him/her self to the stimulus situation.
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Table 1

Anthropology .34 English .30 Scandanavia Lang . .34

Astronomy .35 History .35 Nursing .41

• Chemistry .19 Psychology .27 Forestry .34

Economics .30 Sociology .31 Mathematics .14

Correlations between verbal apti tude scores (Washi ngton Pre-college

test - verbal composi te) and game point average in selected major.

(Source: U. of Washington Records)
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Table 2

Accountant .28

Chemi cal Engineer 1.06

Engine Mechani c - .28

Insurance Sa lesman - .05

Lawyer .39

Physician .59

Social Worker - .08

Vehicular Mechani c - .72

Mean standard scores of cadets on
A i r Force Test Battery (genera l
i ntell igence ) as a function of later
occupati on. Data from Thorndike and
Hagen , 1959.

28



-- 

-
~~ 

—• -------- -j
~

-
~
:---------

~
-- - - --- - --

~
-‘----- ---- - - - - •

Table 3

Age NI P1 Diffe rence

13 1.91 1.74 .17

10 2.07 1.85 .21

7 2.50 2.21 .29

NI and P1 reaction times in seconds
for chi ldren at var ious ages
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Table 4

Hunt et al. Schwartz: Data by Order of Recall
Full List 1st 1/3 2nd 1/3 3rd 1/3

High Verbal .68 .29 .81 .79

Low Verbal .84 .71 .82 .84

Cluste ring index by recall order and verba l
apti tude. Items presented in random order.
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Table 5

Attenti on Switching Verbal Aptitude

Selecti ve attention .30 .40

Attenti on switching --- .48

Correlations between verbal apti tude and attenti on measures.
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5001 Eisenhower Avenue Denver , CO 8023C
Alexandria , V~ 22333

1 Dr. William Strobie
McDonnell Douglas Astronautics Co. East
Lowry AFB
Denver , CO 80230
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Marine Corps 1 Military Assistant for Human
Resources

1 Director , Office of Manpower Office of the Director of Defense
Utilization Research & Engineering

HQ, Marine Corps (Code MPU) Room 3Dl29, The Pentagon
BCB, Building 2009 Washington , DC 20301
Quantico , VA 22 134

1 DIrector , Management Information
I Dr. A. L. Slafkosky Systems Office

Scientific Advisor (Code RD-I) OSD, M&RA
HQ, U.S. Marine Corps Room 3B917, the Pentagon
Washington , DC 20380 Washingto n, DC 20301

1 AC/S , Education Programs
Education Center , MCDEC Other Government
Quantico , VA 22134

1 Dr. Vern Urry
Personnel R&D Center

Coast Guard U.S. Civil Service Commission
1900 E Street NW

1 Mr. Joseph J. Cowan, Chief Washington , DC 20415
Psychological Research Branch

(G-P- 1/62) 1 Dr. Andrew R. Molnar
U.S. Coast Guard Headquarters Science Education Dev. & Res.
Washington , DC 20590 Nationa l Science Foundation

Washington , DC 20550

Other DoD 1 Dr. Marshall S. Smith
Associate Director

1 Advanced Research Projects Agency NIE/OPEPA
Adminsitrative Services Nationa l Institu te of Education
1400 Wilson Blvd . Washington , DC 20208
Arlington , VA 22209
Attn: Ardella Holloway 1 Dr. Joseph L. Young, Director

Memory & Cognitive Processes
1 Dr. Harold F. O ’Neil , Jr . National Science Foundation

Advanced Research Projects Agency Washington , DC 20550
Cybernetics Technology, Room 623
1400 Wilson Blvd . 1 Dr. James M. Fersti
Arlington , VA 22209 Employee Development: Training

Technologist
I Dr. Robert Young Bureau of Training

Advanced Research Projects Agency U.S. Civil Service Commission
1400 Wilson Boulevard Washington , DC 20415
Arlington , VA 22209

1 William J. McLaurin
12 Defense Documentation Center Room 301

Cameron Station , Bldg. 5 Interna l Revenue Service
Alexandria , VA 22314 2221 Jefferson Davis Hwy.
Attn: TC Arlin gton , VA 22202
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Miscellaneous I Dr. Victor Bunderson
Institute for Computer Uses in

Dr. John R. Anderson Education
Dept. of Psychology 355 EDLC
Yale University Brigham Young University
New Haven , CT 06520 Provo, UT 84601

Dr. Scarvia B. Anderson 1 Dr. John Seeley Brown
Educational Testing Service Bolt Beranek and Newma n , Inc.
Suite 1040 50 Moulton Street
3445 Peachtree Road NE Caithridge, MA 02138
Atl anta , GA 30326

1 Dr. Rona ld P. Carver
Professor Earl A. Alluisi School of Education
Code 287 University of Missouri—Kansas City
Dept. of Psychology 5100 Rockhill Road
Old Dominion University Kansas City , MO 64110
Norf olk , VA 23508

I Jacklyn Caselli
Dr. Daniel Alpert ERIC Clearinghouse on Information
Computer-Based Education Resources
Research Laboratory Stanford University
University of Illinois School of Education - SCRDT
Urbana, IL 61801 Stanford , CA 94305

Ms. Carole A. Bagley 1 Century Research Corporation
Applications Ana lyst 4113 Lee Highway
Minnesota Educational Arlington , VA 22207

Computing Consortium
1925 Sather Avenue I Dr. Kenneth E. Clark
Lauderdale , MN 55113 College of Arts & Sciences

Univer8ity of Rochester
1 Mr. Samuel Ball River Campus Station

Educationa l Testing Service Rochester , NY 14627
Princeton , NJ 08540

I Dr. All an M. Collins
Dr. Gerald V. Barrett Bolt Beranek and Newman , Inc.
University of Akron 50 Moulton Street
Dept. of Psychology Cambridge , MA 02138
Akron , OH 44325

I Dr. John J. Collins
Dr. John Brackett Essex Corporation
SofTech 201 N. Fairfax St.
460 Totten Pond Road Alexandria , VA 22314
Waltham , MA 02 154

I Dr. Donald Dansereau
Dr. Robert K. Branson Dept. of Psychology
1A Tully Bldg. Texas Christian University
Florida State University Fort Worth , TX 76129
Tal lahas see, FL 32306
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Dr. Ruth Day 1 Dr. John R. Frederiksen
Center for Advanced Study Bolt Beranek & Newman, Inc.

in Behavioral Sciences 50 Moulton Street
202 Junipero Serra Blvd . Cambridge , MA 02138
Stanford , CA 94305

1 Dr. Vernon S. Gerlach
Dr. John D. Carroll College of Education
Psychometric Lab 146 Payne Bldg. B
Davie Hall 013A Arizona State Univers ity
University of North Carolina Tempe , AZ 85281
Chapel Hill , NC 275 14

1 Dr. Robert Glaser , Co-Director
ERIC Facility-Acquisitions University of Pittsburgh
4833 Rugby Avenue 3939 O’Hara Street
Bethesda , MD 20014 Pittsburgh , PA 152 13

Dr. John Eschenbrenner 1 Dr. M. D. Havron
McDonnell Douglas Astronautics Human Sciences Research , Inc.

Company-East 7710 Old Spring House Road
P. 0. Box 30204 West Gate Industrial Park
St. Louis , MO 80230 McLean, VA 22 101

Major I. N. Evonic 1 Dr. Duncan Hansen
Canadian Forces Personnel School of Education

Applied Research Unit Memphis State University
1107 Avenue Road Memphis , TN 38118
Toronto , Ontario, CANADA

I CDR Mercer
Dr. Victor Fields CNET Liaison Officer
Dept . of Psychology AFHRL/Flying Training Div.
Montgomery College Williams AFB , AZ 85224
Rockville , MD 20850

I IIumRRO/Western Division
Dr. Edwin A. Fleishman 27857 Berwick Drive
Advanced Research Resources Organization Carmel, CA 93921
8555 Sixteenth Street Attn: Library
Silver Spring, MD 20910

1 HuznRRO/Columbus Office
Dr. Larry Francis Suite 23, 2601 Cross Country Drive
University of Illinois Columbus , CA 31906
Computer-Based Educational Research Lab.
Champaign , IL 61801 I Dr. Lawrence B. Johnson

Lawrence Johnson & Associates , Inc .
Dr. Frederick C. Frick Suite 502
MIT Lincoln Laboratory 2001 5 Street NW
Room D 268 Washington , DC 20009
P. 0. Box 73
Lexington , MA 02173 1 Dr. Arnold F. Kanarick

Honeywell , Inc .
2600 Ridgeway Pkwy.
Minneapolis , MN 55413
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Dr . Roger A. Kaufman I Dr. Steven M. Pine
203 Dodd Hall N 660 E l l io t t  Hall
Florida State University University of Minnes ota
Tallahasses , FL 32306 75 East River Road

Minneapolis , MN 55455
Dr. Steven W. Keele
Dept. of Psychology 1 R. Dir. M. Rauch
University of Oregon p jI 4
Eugene , OR 97403 Bundesministerium der Verteidigung

Postfach 161
Dr. David Kiahr 53 Bonn 1, GERMANY
Dept. of Psychology
Carnegie-Mellon University 1 Dr. Andrew M. Rose
Pittsburgh , PA 15213 American Institutes for Research

1055 Thomas Jefferson Street NW
Dr. Robert R. Mackie Washington, DC 20007
Human Factors Research , Inc.
6780 Corton Drive I Dr. Leonard L. Rosenbaurn , Chairman
Santa Barbara Research Park Dept. of Psychology
Goleta , CA 93017 Montgomery College

Rockville , MD 20850
Dr . William C. Mann
University of So. California 1 Dr. Mark D. Reckase
Information Sciences Institute Educational Psychology Dept.
4676 Admi ralty Way University of Missouri-Columbia
Marina del Rey, CA 90291 12 Hill Hall

Columbia , MO 65201
Dr. Leo Munday
Houghton Mifflin Co. I Dr. Robert J. Seidel
P. 0. Box 1970 Instructiona l Technology Group ,
Iowa City , LA 52240 HumRRO

300 N. Washington St.
Dr . Donald A . Norman Alexandria , VA 22314
Dept. of Psychology C-009
University of CalIfornia , San Diego 1 Dr. Richard Snow
La Jolla , CA 92093 Stanford University

School of Education
I Mr. A. J. Pesch , President Stanford , CA 94305

Eclectech Associates , Inc.
P. 0. Box 178 1 Dr. Persia Sturgis
N. Stonington, CT 06359 Dept. of Psychology

California State University-Chico
I Mr. Luigi Petrullo Chico , CA 95926

2431 N. Edgewood Street
Arlington , VA 22207 1 Mr. Dennis J. Sullivan

d o  Canyon Research Group , Inc .
Dr. Kenneth A. Polycyn 32107 Lindero Canyon Road
PRC Information Sciences Co. Westlake Village , CA 91360
Communication Satellite Applications
7600 Old Springhouse Road I Mr. Walt W. Tornow
McLean , VA 22101 Contro l Data Corporation

Corporate Personnel Research
P. 0. Box 0 - HQNO6O
Minneapolis , MN 55440
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I Dr. K. W . IJncapher I Prof . Fumiko Same j icna
Universi ty  of So. California Dept. of Psychology
Information Sciences Ins t itu te  Aust in Pea y Hall  304C
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- 46?6 Admiral ty  Way University of Tennessee
Marina del Rey, CA 90291 Knowville , TN 37916

I Dr. Benton J. Underwood 1 Dr. Meredith Crawford
Dept. of Psy chology 5605 Montgomery Street
Northwestern Universi ty  - Chevy Chase , MD 20015
Evanston , IL 60201

1 Dr. James Greeno
1 Dr. Carl R. Vest Learning R&D Center

Battelle Memorial Institute University of Pittsburgh
Washington Operations 3939 O ’Hara Street
2030 M Stree t NW Pi t tsburg h , PA 15213
Washington , DC 20036

1 Dr. Frederick Hayes-Roth
I Dr. David J. Weiss The Rand Corporation

Dept. of Psychology 1700 Main Street
N660 E l l io t t  Hall Santa Monica , CA 90406
Universi ty  of Minnesota
Minneapolis , MN 55455 1 Dr. Robert Sternberg

Dept. of Psychology
1 Dr. Keith Wescourt Yale University

Dept.  of Psychology Box h A , Yale Station
Stanford University New Haven, CT 06520
Stanford , CA 94305

1 Dr. Walter Schneider
1 Dr. Claire E. Weinstein Dept. of Psychology

Educationa l Psychology Dept .  University of I l l inois
Univers i ty  of Texas at Austin Champaign , IL 61820
Austin , TX 78712

1 Dr. Richard B. Mi l lward
1 Dr. Anita West Dept. of Psychology

Denver Research Institute Hunter Lab
Universi ty  of Texas at Aust in  Brown University
Austin , TX 78712 Providence , RI 82912

1 Mr. Thomas C. O ’Sullivan
TRAC
1220 Sunset Plaza Drive
Los Angeles , CA 90069

1 Dr. Earl Hun t
Dept.  of Psychology
Univers i ty  of Washington
Seat t l e , WA 98105

1 Dr. Thomas C. S ticht
• Assoc . Director , Basic Skil l8

National  Ins t i tu te  of Education
1200 19th Street NW
Washington , DC 20208
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