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Individual differences among learners constitute an important class of

variables for research on instruction. Their study has been of interest at

least since Binet , because measures of these variables, often called “apti—

tude s” , usually predict learn ing outcome. There is renewed interest in this
fact today because aptitudes now often appear to interact with instructional

conditions,i.e., to relate differently to learning outcome under different

instructional treatments. Practical interest stems from the possibility

that such interactions can be used to adapt instruction to fit different

learners optimally, since previous attempts at individualizing instruction

have generally failed to eliminate ind ividual differences in learning outcome.

Such interactions are of theoretical interest because they demonstrate con-

struct validity for aptitude and learning measures in a new way , and raise

the possibility that coninon processes underlie both kinds of variables.

They suggest that neither aptitude constructs nor learning processes can be

fully understood without reference to the other.

Aptitude—treatment interactions (ATI) have been the subject of many

studies in recent years , and a wide variety of ATI findings are now on hand.

From their review of this research, Cronbach and Snow (in prec~) concluded

that the existence of ATI as phenomena has been clearly established . But.

while some AT ! find ings are plausible and some are replicable , few are well

unde rstood and none are yet applicable to instructional practice.
The volume of AT ! studies can be arrayed along a continuum from labora-

tory experiment s on ind ividual differences in ‘earning , through small—scale

and middle—range instructional experiments , to large curriculum evaluations,

naturali8tic comparisons, and empirical case studies. If one constructed

a frequency d is t r ibut ion  of such stud ies along this cont inuum , it would

probably appear more or less normal in form; most studies would fall in

the middle range. And , the same form of distributior might be expected for

instructional experiments in general , not just for AT! studies. Thus, the

instructiona l psychology popular today consists of short—term experiments

with a few controlled instructional variables aimed at testing fairly simple

propositions . These studies seek compromise between the need for instruc-

tional relevanc e and the need for experimental control. But most attain

neither the descriptive value of large—scale, long—term naturalistic research

nor the precision and process analysis of the laboratory; inconsistencies

abound in their results. Cronbach and Snow (in press) concluded that the
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middle—range studies were leading neither to theory nor to generalizations

useful in practice . They recommended that future research pay increased

attention to:

1) The examination of the most plausible ATI hypotheses in large

scale, long—duration , real—schoc 1 studies. This would allow a consolidation

of efforts to establish a few ATI hypotheses in settings where they might

actually be used . The emphasis in the design of such research would be on

representativeness (Snow, 1974) and description (Cronbach, 1975), rather

than on laboratory—like control.

2) The development of methodology capable of handling the complexities

of such research. This effort would deetnphasize the familiar significance

testing habits of researchers in favor of the description and analysis of

complex relationships (Cronbach & Snow, in press; Cronbach & Webb , 1975;

Cronbach , 1976).

3) The development of a laboratory science for the analysis of aptitude

tests and learning tasks, and the ATI constructs based on them (Snow, 1976).

This would complement the instructional studies with process analyses to pro-

vide ideas about possible underlying mechanisms. Embodied in newly under-

stood and/or newly designed aptitude measures , these ideas might then be

conveyed to research in the real instructional settings where probable ,

practically useful AT! can be examined and used .

The present review must be highly selective with respect to each of

these three lines of continuing research. It will avoid repeating material

available in the above cited sources wherever possible. Since the previous

review In this series by Berliner and Cahen (1973) and the Cronbach—Snow book,

many new ATI studies have appeared . No attempt will be made here to catalog

this heterogeneous collection ; only studies bearing on a few major AT! hypo-

theses and methodological developments are reviewed . Suggestions for further

research are made along the way.

Definitional Matters

Before proceeding, it may be helpful here to deal with several defini-

tional concerns that have confused thinking and writing in the ATI field.

Some of these are touched upon in Cronbach and Snow (in press); some are

not .
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The first concern is with the term “aptitude” itself. Cronbach and

Snow (In press) defined aptitude as “. . .any characteristic of a person
that forecasts his probability of success under a given treatment” (p. 6).

This purposely broad and pragmat:Ic definition was meant to promote a new kind

of instructional research . Peru;onality variables , biographical and other non—

test measures, and new kinds of aptitude constructs might predict response to

instruction in a given setting, singly or in combination , and hence might be

thought of as sources of aptitude for success in that setting. The tradi-

tional conception of aptitude for school learning, as represented exclusively

by “scholastic aptitude tests’t or “general ability tests” was unnecessarily

limiting. Other work in differential psychology has developed move specialized

multivariate conceptions of aptitude for success in specialized activities, and

these span the artificial distinctions between achievement , ability, person-

ality , etc.: mechanical knowledge is one aptitude for technical work, along with

various psychomotor skills; some esthetic sensitivities , along with drawing

and perceptual skills, are aptitudes in art ; a certain degree of compulsivity

may be an additional aptitude for computer progransning even height is an

aptitude for basketball. There is no a priori reason why aptitude for success

In instructional activities should be less complex, diversified , or specialized

than it is in these other pursuits .

Other writers , hoping to avoid potential confusions, have preferred terms

like “attribute—treatment interaction” or “trait—treatment interaction”. But

these are hollow terms——empty of substantive meaning. “Aptitude ”, on the other

hand , is a substantive concept in educational psychology. We should expect

continued research to alter and elaborate the meaning of such concepts , just

as it alters and elaborates concepts of instructional method. Further , in-

dividual aptitude migh t be expected to develop or change with continued ex-

perience in a given kind of instruction ; “trait” and “attribute” imply

permanence . Most importantly , we can hope there will someday be a theory

of “aptitude ”; there can never be a theory of “trait” or of “attribute”. The

present writer thus persists in advocating use of the substantive term. Re-

search on aptitude for learning is the study of individual differences in

learning and learning—related processes, particularly as these vary and covary

under different instructional conditions.

A second issue arose over the distinction between intrinsic and extrin—

sic individua l differences relevant to learning. The former take their

definitions directly from measures of learning processes ; the latter do not.

3
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The extrinsic category thus includes most aptitude constructs available from

differential psychological research and there is the suggestion that these are

not process—based at all. The distinction was introduced by Jensen (1967) simply

to classify prior studies , and was later discarded by him . Although some re-

searchers have maintained the contrast as substantively important , it is of

doubtful merit. First , to assert that aptitude measures are not concerned

with psychological processes is absurd , even though differential psychology has

not yet been much concerned with the development of process theories. When an

aptitude measure relates differently to learning measures under different

learning conditions , there is the implication that that aptitude is fundamentally

involved in learning processes under one or both of those conditions . Whether

the processes represented by the aptitude measure are related to, or are the

same as, those represented by the learning measure to which it relates is an

empirical and theoretical matter. There is considerable evidence , for example ,

that general mental tests represent the ability to learn in conventional in-

struction , and some further evidence that personality constructs combine with

mental ability to magnify or dampen this relation . The task for further re—

search is to build a more detailed process theory of such relations. It helps

such research not at all to prejudge the matter with arbitrary classifications.

Relevan t here also is the optimistic view that process—oriented research

on individual differences in learning will provide “new aptitudes” (Claser, 1972),

different in kind from the “old aptitudes”. This is an importan t possibility.

Since individual differences in mental performances almost always correlate

however (Guttman,1976), it is more likely that the new and the old will differ

in form more than in kind , and that an improved, integrated conception of human

cognition will need to be built on their combination . Both kinds of constructs

always must be included in such research anyway , since mew constructs cannot

be defined without demonstrating discriminai t validity with respect to existing

constructs (Campbell and Fiske, 1959). This admonition applies as much to the

old artificial distinctions in differential psychology between ability , style,

and personality , as it does to new artificial distinction s between what is

measured by tests and what is measured by laboratory task parameters . We can

str ive for , and expect , new apti tude constructs , but these are likely to be
woven in large part from the threads of existing cloth .

A th i rd  mat te r  can be dispensed with quickly. Early discussions of AT!

,4



‘including those of the present wri ter , emphasized only disordinal interactions

(where regression lines intersect within the aptitude range). Instances of

ordinal interactions were ignored , or were classed with instances of no inter-

action . But ordinal and disordinal interactions can have similar practical

implications, depending on other aspects of instruction , e.g., costs. More

importantly , both have the same theoretical implications. The distinction

is thus unimportant for the purposes of future research .

Finally , the All approach has been defined by some as relevant only to

one narrow form of individualized instruction , i.e., to situations where students

can be assigned to alternative instructional treatments . It is now clear ,

however, that all attempts at individualizing instruction rest explicitly or

implicitly on hypothesized ATI. Anytime an instructional prescription for

one student differs from that provided another , there is the suggestion that

each is best helped toward some common goal by following his or her own pre-

scription rather than someone else’s. Further , the evaluation of instructional

prescriptions , whether individualized or not , requires an ATI approach even

where there is no intent ultimately to assign students to alternative in-

structional treatments . in describing any kind of instructional effect , one

must always be able to say whether the description given holds for each student

involved. Research on aptitude thus takes a place in more general efforts to

build instructional theory. A theory of aptitude is required in the second , or

“descript ion of initial state”, part of Glaser ’s (1976) four—part conception of

prescript ive theory for instruction , and the methodology of AT! research fills

out the fourth part—— ”assessment of instructional effects”.

Instructional Studies

The present review of instructional studies concentrates on two hypotheses.

One of these asserts that individual differences in anxiety (A), achievement

via independence (A
1
), and achievement via conformity (Ar

) interact with in-

structional treatments differing in the degree of structure and participation

provided the student. This will be referred to simply as the A i
A
c
A
x 
complex.

The other concerns general mental ability (G) and the extent to which its relation

to learning outcome varies with the information processing burden placed on

the learner by the instructional treatment. Since general ability tests typically

5



combine types of Items that have been theoretically distinguished (by Cattell ,

1971, and Horn , 1976) as representing crystallized ability (G), fluid ability

(Cc) and spatial visualization ability (C), this hypothes is will be referred

to as the G G
fC complex. The two aptitude complexes are probably not ortho—

gona 1.

The A iA~
A
~ 

comp lex. A large number of AT! studies that used personality

constructs as aptitudes were summarized by Cronbach and Snow (in press) under

the general rubric of “constructive ” vs. “defensive” motivation . It was hy-

pothesized that constructive ly motivated students , those ready to take confident ,

self—directing initiative in learning, would profit in less directive instruc-

tional situations that allow and encourage student initiative ; defensively

motivated students , those more anxious, dependent , or conforming, would require

situations tailored to provide a more supportive external structure , with less

demand for independent action , within which such students could work effective ly.

This was admittedly a gross and ov~rsimp1ified contrast , but several strong

studies had provided its core support. These certainly were ~.‘crth more gen-

eralized attention .

Several of the core studies were contributed by Domino . In one (Domino,

1968), college students , matched on sex and nonverbal ability, were classified

as High—Hi gh , Low—Low , Low—High , and Hi gh—Low on the basis of their scores on

the A
1 
and A scales from the California Psycholog ical Inventory . Domino then

in te rviewed ins t ruc tors  of every course taken by the s tudents , to classif y the

cou rses as “encou rag ing con f o r m i t y ” or “encouraging independence ” . Variables

such as emphasis on objec t ive s , memor iza t ion , a t te ndance , e t c . ,  vs. ind ependent

reading, student discussic’-~. informa l evaluation , etc., were used to direct

the classification . It was found that students showing a High A
1
— Low A ,

prof lie achieved better grades in courses where they were encouraged to be

independent. Those with a Low A .-. High A profile obtained higher average

grades in the more structured courses . High—Hi gh students did better than

Low - Low students in general.

Domino (1971) then followed with a formal experiment , in which High A .-

Low A
c 
and Low A

1
— High \ extreme groups were defined. Here , a single in-

structor taught four section s of Introductory Psychology , two in a structured

style emphasizing conformity and two in a style emphasizing independence. Ex-

treme groups were divided randomly among the two treatments , and several achieve—

m tnt outcome measures were uscd . Again , students high in A 1 and low in A~ 
did

6
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best with instruction favoring independence; students low in A
1 
and high in

A were better off with instruction requiring conformity .

In another line of work , Dowaliby and Schumer (1973) contrasted teacher—
centered vs. student—cente red teaching in a junior college psychology course.

In the former treatment the teacher carried the communication burden , with

little partici pation by students. In the latter treatment , students were en-

couraged to ask questions and contribute ideas . The aptitude of interest was

the Taylor Man i fest Anxiety 5- i l c  (A). There were two examinations as outcome

measures. All was marked; the more anxious students were better treated by

teacher—dominated instruction , while less anxious students achieved more with

participative instruction .

Domino (1974) also replicated the Dowaithy—Schumer results . College students

in an English course were assigned to teacher—centered or student—centered in-

struction . A again interacted with achievement outcome, showing that outcome

was superior for hi gh A students in the teacher—centered approach and for low

A students in the student—centered approach.

These studies along with related research reviewed by Cronbach and Snow

(notably a series of studies by McReachie), are sufficient to establish the

importance of AT! In this domain , but the conclusion sustained by their combined

results is not really satisfactory. Severa l questions need answers . Are treat-

ment contrasts characterized as structured vs. participative , or conforming vs.

independent , or teacher—centered vs. student—centered similar? In what ways?

Is this a college—leve l phenomenon onl y, or are similar interactions observable

at lower levels of education ? Are A , A , and A different faces of the sam e
I c x

general mot iva t iona l  cons t ruc t?  How are any or all of these aptitude variables
related to G, which has been found In other research to combine with Ax in

higher—order interactions? Two more recent investigations have sought to

push our understanding of this complex of questions further.

A study by Peterson (1976) obtained striking interactions which correspond

roughly to Domino ’s results but complicate the Dowaliby—Schu mer in te rpre ta t ion

appreciab ly. They also show the constructive—defensive hypothesis of Cronbach—

Snow to have been overly simple. Peterson defined four treatment conditions

to disting uish between the Domino emphasis on teacher structure and the

Dowa l iby—Schumer  emphasis on student part icipation . One t eacher taught a two—

week unit on ;~l1enat1on to each of four high school classes in Social Studies

(N ~’94) ,  aKaigned at random to a 2x2 design . The treatments were defined as

high strurture and high participation (HS:HP), high structure and low parti-

cipation (}IS:lF’), low structure and high participation (LS:HP), and low

7
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structure and low participation (LS:LP). Peterson trained the teacher in

these four styles using videotape models. A description of teacher behavior

in the tour treatments was ui l t into the models , and la ter ver i f ied by

classroom observations . Thus a fairl y detailed account of teacher behavior

in each treatment was available. She also included four aptitude constructs:

C. (based on a Verbal Comprehension Test), A (combining the Children ’s Manifest

Anxiety Scale and the Spielberger Measure), A plus A
1
, and A minus A

1
.

The latter two variables were defined to distinguish general motivation

t oward achievement from special orientation toward Independence vs. conformity.

(It should be noted here that aptitudes entered the regression equation in the

order G , A , A plus A1, A minus A ., so the latter are partia l variates.)

Outcome measures were immed ia te and delayed mu lt iple choice tes t s , an essay
test , and several attitude scales.

Multiple regression analysis on immediate achievement showed a main

e f f e c t f or C , no main effect for treatment , and two substantial All effects.

One of these , for  A m in us A ., rep li cated the Domino findings , as shown in

Figure 1. The LS :LP trc~ tment was best for students high in A . and low in A .

Next best for these students was the HS:HP treatment. For students with the

opposite pattern , i.e., hi gh A and low A ., the HS :LP treatment was superior.

Next best , at least for those in this group with high genera l motivation , was

LS:HP. Peterson concluded that conforming students needed one clear strategy

to which they could con form . This would preferab ly be teacher structure . With -

out that , the structure provided by peer participation might substitute , at

least for those high enough als o on A .. Having structure provided by neither

teacher nor students was particularly inadequate for these learners. The in-

dependen t students thrived in this latter environment, particularl y if they

were quite low on A .  Presumably, ttct~V preferred and weri able to provide

their own structure . For Hi gh A~ students also showing some degree of A ,

however , HS:HP and LS:HP were not inadequate treatments. Results for the

other cognitive outcome measures were similar , al though a shift among inde-

pendent and h ighly motivated students was noted on the essay test; the high

participation conditions were most beneficial here. Also , ATI effec ts faded

somewhat at retention .

Figu re 1 here

8

- 

~~~~~~~~~~~~~ . ~~~~~~~

‘

~~~
• -

~~~~
-
~~~ 

-



• -~~

*4

—~~~~ -~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/ — 
— ~~~~~~~~~~~~~~~~~~~~~~~~~~ • 1%?ii

4 0 0  ~ / — , ._~~~~~ •~~~~~P• I.. - 0

/ 11’~ . \‘~ ~ ~
, • . - .:,, cv~~~~F ~/ • r ,~’, ,_ S .~~.

/ , 
.
.‘.- ,- .- ‘..- .-

/ - . .-, .- • .- - -

j ::: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / : I

l 0() 
~~~~~~~~~ 

I —

t 3 0 I,
‘U

ooo ______________________________________________________ 4 0

50 ? b  00 •? 5

Athn,vpm~ni v i, Contorrn ,,,ce (A c )  m,nu, Achievement via lndlgsndsflc,4AsI

_______ Low S~~uctu,e / Low Pa.~icip.iion — ~~ 14.glt St,uc ,~,,i t Low. P..tKsPa’.Ofl

1. ..i Low St ,uctu’e I fliqtt Par~.cip.~,oq, I i H.qh Sliuciuti / P4.~~ Patticipation

Figure 1. Regression planes for four treatments using A plus A1 
and

A minus A 1 as aptitudes and mult iple—choice achievement as

outcome (after Peterson, 1976).

c 9

_ _ _ _  ~~~~~~ ~
1
:: 

-L~ — T~~~~~~W-~~~~~~~~ - -  
- , , l~~1iwJ1~I~~~N,



The other  All involved C and A . C alone gave no All, nor d id A alone .

But the multi p licative combination of U and A yielded the result shown in

Figure 2 (the four planes are separated here to simp lif y what would be a

highly complex fi gure). The operative treatment in the interaction is LS:LP .

It was the worst treatment by far for students low in both aptitudes or hi gh

in both. It was the bes t t reatment by far for students with the opposite ap-

titude patterns , i.e., Low C and High A or Hi gh C and Low A .  The other

treatments did not differ appreciably; HS:HP and HS:LP would apparentl y be the

choice for students throughout a broad diagonal path running from the Low—Low

to the High—High aptitude orners of the cube. In the middle range , LS :LP
would not differ from these . (While the figure for LS :LP gives the impression

of a curved surface on the diagonal, it should be thought of as a twisted

sheet; Peterson did not fit curvilinear teims.) Again on the essay tes t a

slight shift occurred , principall y among the able anxious students , for whom

some structure was here beneficial. The retention measure showed similar but

less distinct All.

Fi gure ? here

Apparentl y, nonanxious learners who lack sufficient ability , and able

lea rners  who are a l so  hi g hl y anxi ou -~ both need teacher structure to do well.

One mi ght hypothesize that the less able , less anxio us (underaro used? )  studen ts

nee~1 to be shown directly and motivated to do the required things, while  the

more able but anxious (overaroused? defensive?) students need the certainty

that tha y are doing the required things . Without external direction on this ,

the forme r students may remain lost and apathetic while the latter lose them-

selves through frantic shifts of attention and effort.

The res/ i ts are consistent with Sp ielberger ’s state—trait theory of anxiety

(Caudry & Spielberge r , 1971; Spi elb erger , 1972). Both kinds of students need

to reach an optima l leve l ot state—anxiety for effective performance. Teacher

direction brings the Hi gh (—H igh A students down to this level ; teacher demand

brings the Low C—Low A students up to this level. Able , nonanxious students ,

on the other hand , are benefitted by absence of formal structure and partic i-

pation , perhaps for the same reasons that independent students are benefitted

by thIs treatment . In a moderatel y difficult taak, these students are aroused

enough and able enough to organize their  own work e f fec t ivel y. It  is less

10
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clear why LS: LP serv es the less ab le , anxious stude nts wel l .  Following the
Speilberger theory,  one could say tha t anxiety present in these students

already serves an optimal activating function so situational demand is unnec-
essary, even debil i tat ing. Without forced s t ruc ture  or par t ic ipat ion , these
students can work inconspicuously. In short , the inclusion of abilit y and

the distinction of structure and partic ipation seems to elaborate the Dowaliby—
Schumer f inding substantially, and to bring some extant theory to bear on All
processes.

With attitude as outcome, no ATI were statistirally significant. Their

pattern , however, was in some cases opposite that obtained for the cognitive

outcomes . HS:HP yielded the most favorable attitudes toward the content

lea rned among students hi gh on A i and low on A , while LS :LP p roduced the
most favorable attitudes among students low on A~ and high on A .  Also ,

students high on G and A said they liked LS : LP best, while students high on

C and low on A liked LS:HP best; yet in both cases performance was lowest in

these t reatments.  Such reversals seem to present troubling cont rad ic t ions .
Peterson hypothesized that high school students may be pred isposed to say they

prefe r the “other ” treatment and to be less happy under conditions where they
expend more energy , even if they are learning more in the process. This re—

minds us that attitude may often function as an intervening variable , al-

though it is measured at posttest. But the theory noted above cannot handle

this. It is hard to see how able anxious students , for example , can be made

t o feel even mo~~ anx ious by a t reatment , learn less in the process , and say

they like it. Attitude as outcome is not well conceptualized or measured in

many instructional studies and there is no theory to go on; even so, such

puzzles need to be checked.

Another dis t inct ive fea tu re  of the Peterson study was the inclusion of

seven other classes (N—1 66 ) in which  the same conten t and instruments were used ,

but without systematic treatment variation . These teachers were observed in an
_
~~tt~~i~~~~~~classify their natural sty 1e~~ás~~Iliiar—tv—ene or an.othcx.of the - - —

experimental  t reatments . I t  was hoped that  these comparison classes would

serve to test the representativeness of the experimental classes and to

crosaval idate  their  regression equations.  The results  were somewhat mixed .
Some compa r ison classes gave results consistent with predictions , some did not.

12
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A multidimensional scaling of distance measures among the 11 class regression

equa tions suggested that HS:HP and LS:HP were more similar to other natural

classes in the school than were HS:LP and LS:LP. In addition , it was clear

that other t rea tment  dimensions were operating in the comparison classes to
influence similarity of regression equations obtained in each.

Porteus (1976) was able to study some of the same variables in a year—

long investigation covering two subject matters, Economics and Educational

Philosophy . Students (N-56) in a private high school were assigned to one of

two sections of each course , all taught by the same teacher . In one section ,

a teacher—centered treatment was used, with required attendance , daily reading

assignments and homework, frequent quizzes , and term projects all chosen by

the teacher. In—class work was teacher—directed , with previews and summaries.
The other section was student—centered; students initiated class discussion,

requested quizzes and homework as they wished , chose projects , and reading was

assigned in 2—4 week blocks. Outcomes were three achievement tests spaced

across each two—term course, an essay measure added to the third of these, and

student attitude and course perception questionnaires after each test. Class-

room audiotapes , a teacher log, and student perceptions helped describe in-

struction over the year.

The aptitude battery initially included the same A
i 

and A measures used

previously plus the Flexibi l i ty  Scale from the same inventory , A (Spielberger ’s

scale), several measures of C
f 
or C (Necessary Arithmetic Operations, Hidden

Fi gures , SAT—V , and SAT—Q) , a q uestionnaire designed by Myers (1964) as a sub-

s t i t u t e  for orolective measures of achievement motivation , and a paragraph

completion test used by D. Hunt (1975) to represent a cognitive style construct

called “conceptual level”. The correlation pattern and small sa~p1r-%1Zë~
however, suggested that these variables should be reduced to a smaller number

of factors if possible . Porteus chose four orthogonal aptitude factors for

the ATI analysis. These ~~~~~ (since a dis t inc t ion  between C f and C could

~~~~~~~~~~~~~~~~~~~ Ai (a fac tor combining Ai and Flexibi l i ty) ;  A
~ 
(a factor com-

bining A , negative Flexibility , and the achievement motivation questionnaire);

and A
~
. The expansion of the A

1 
and A

~ 
constructs by the additional components

does not seem to change their meaning appreciably, so labels consistent with

prior work have been used here . (Porteus used somewhat different labels.)

Also, the conceptua l level measure was split by the factor analysis, with

13
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positive loading on C , negative on A .  This makes sense ; the scor ing  ot

paragraph completion favors conceptuall y comp lex and unrestricted verbal

production , as opposed to simple , concrete , restricted production . Abi l i t y

should enhance , and anxiety inhibit , such production . This hint that 001

style construct may represent a combination of ability and personality C arl-

st ruct s , contrast ing Hig h C—Low A w i th  Low C—High A , should spur fij r~~ a r

research in this direction. —

In Economics , mul t ip le regression analysis showed main ef~ Es f or  c
and A

c 
on all but one outcome. The essay test gave main effects asso1iat&d

w ith all fo ur aptitudes , with that for  A
1 the largest. There were no t r i  -

ment main e f f ec t s , but several All were p ronounced. In Education , no

of any kind were nominally significant , although C gave relatively lar~-

ef fects and ATI appeared not ewor thy . R 2 for  the f u l l  regression mode l io Ed-

ucation accounted for onl y 36% to 51% of the var iance;  in Economics R 2 
l W ~~

from 65% to 88% . This suggests a difference due to subject matter.

Fo~ A1 
and A in Economics , ATI was substantial only on Test 2; Hig h A .-

Low A students did best in student—centered instruction , whil e Low A~
_ H i

~h ~~~.

students were better off in the teacher—centered condition. This seems cons’s-

tent with Domino ’s findings and with  Peterson ’s , if one looks only at h r  l w

participat ion groups. Test 2 was given at the end of the first term , sa t h e

timing also corresponds to Domino. But results for the other outcomes d i r~~~

match earlier findings, and it was the regression plane for the 8 t U de 1 t— C L - T t t e I a - ~

group that seemed to shift. On Test 1, this treatment was poorest for l o~ \

students, with no differences for other students. On Test 3 and the er~ ; ’ , ,

teacher—centered instruction was best for Low A students , and High A 5 t i ~~-n~ S

did best with student—centered instruction . A~~had only slight moderati rr

effects on these trends. In Education , all the results were faint . Test I d ,t -a

seemed to match those for Economics Test 2, again replicating Domino and Peter-

son. But Education Test 2 showed results like those of the third stage meaiures

in Economics, and ATI were absent at the third stage in Education .

Considering kfl for G and A , Porteus ’s results were remarkably sim ilar

to Peterson ’s, in both Economics and Education , if one is willing to equate the

student—centered and LS:LP conditions on Test 1 and then make some al1owint ’~
for student and teacher adaptations across Porteus ’s very long time scale.

14
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Figures 3 and 4 give these results , for  Economics and Education respectively .
In each figure , panels a, b, c , and d correspond to Tests 1, 2, 3, and the

essay , respective ly. The most striking ATI appeared on Economics Test 1.

The student—centered treatment assumed the same twisted sheet pattern seen

earlier in Figure 2 for LS:LP, while the teacher—cen tered treatment yielded

a sloped regression plane quite similar to the planes for Peterson ’s other

three treatments in Figure 2, As before , Low C—Low A and High C—High A

~~~~~~~~~~~~~~~~~~~~ teacher-centering; Low G—high A and 111gb G—Low A

øtudents profited more under student—centering. Porteus also did not test

for curvilinearity.

Figures 3abcd and 4abcd here

On later Economics outcomes , the shapes of the two regression planes

were retained , although the twisted appearance of the student—centered treat-

ment faded somewhat over time. Some changes in elevation of the planes over

time also would change the resulting decision rules for assigning students to

treatments; this is unimportant here since no such conclusions would be

drawn from this study alone anyway , given the extremely small sample size.

The similar regression pattern s nonetheless give encouragement to the general

hypothesis when they match those of other studies.

In Education , there was no ATI at Test 1 (Figure 4a). After that , the

same pattern as seen in the Economics data emerged across time , becoming most

pronounced on the essay test. Here again , then , High C—Low A and Low C—High A

students did best with student—centering; students low on both aptitudes or

high on both did best with teacher—centering.

Analyses of attitude toward the instruction yielded only one noteworthy

AT!. Low (~-Hlgh A students in Economics felt better about the instructional

me thod in the student—centered section than their counterparts did in the

teacher-rentered section . A few contradictory trends like those Peterson

found were seen , but there were also instances in which attitude and achieve-

ment outcomes showed similar patterns.

The interpretation applied to Peterson ’s results using Spielberger’s

theory can be applied here also to account for the general ATI pattern . But

Porteus ’s detailed description must be relied upon beyond this. Evidence from

classroom audiotapes , teacher logs, and student questionnaires suggested several

factors operating between courses, and within courses over the year, that might
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help accoun t for the trends observed. First , Economics was the more difficult

subject matter , and the more hi ghly structured sequentially , relative to

Educational Philosophy . These differences may be inherent in the subject

matter. It seems fair to say that Economics presen ts more of a “serialist”

lea rnin g task , while Educational Philosophy is more “holist” in organization ,
to use a cognitive sty le distinction suggested by Pask and Scott (1972).

Second , perhaps as a result of this , the teacher felt that daily preparation

and class attendance was essential in Economics; in Education , students could

muddle through without as much daily concern . The absence of structured text

material in Education , however , increased the danger here that students would

not find out what they did not know until much later. In the student—centered

section , he reported that students were not well prepared in either course be-

fore Test 1, particularly in Education . Third, since the teacher fel t obl iga ted

not to stand by and allow students to fail , he compromised the treatments over

time . After Test 1, he increased his initiation of class discussion in the

student—cente red sections. His urging produced more class attendance in both

courses . After Test 2 in Economics , he gave extra help in evening sessions to

students needing it. This was not done in Education , since day—to—day con—

fusions were not judged problematic. But he did Institute some optional

variations on a term project in Education between Tests 2 and 3. Finall y, in

Economics , student perceptions characterized the treatments as different through-

out the year. In Education , th~ treatments were perceived as different earlier

but not later in the year. The teacher concurred , feeling that treatment

differences were less profound in both courses between Tests 2 and 3. In either

case , the perceived differences centered on procedura l and out—of—class di-

mensions; in—class differences were perceived as relatively sli ght throughout

the year.

In sum , it seems quite possible that course differences in aptitude—treat-

ment adaptation over the year accoun t for at least some of the ATI variations .

Wi th the more structured and difficult Economics subject—matter , C and A played

a more major role , particularl y on early tests , in student—centered instruction .

This was the high stress period in Economics. Over time, the compromised treat-

ment contrast could have lessened the effec t while leaving ATI roughly similar

In form. With Education subject—matter , difficulties crept up on students as the

year progressed , apparently without their perceiving the treatment contrast being

mai ntained . Here , then , much of the learning , and the feeling of stress , probably

18
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occurred late in the course. it is not surprising then that ATI for C and A
~

showed most strongly on the final essay. (See Cronbach and Snow for other studies

showing A effects varying with stress.) This may account , too, for the confir-
mation of Domino ’s A1 A hypothesis only on Education Test 1; the High A

1 
student

begins independent learning without prompting . This is inconsistent with the fact

that in Economics Domino ’s effect appeared only on Test 2, unless one says that it

takes longer for High A~ to become effective in this difficult course. The teacher

did report that his Economics section finally became “truly” student—centered as
report that his Economics section finall y became “truly ” student—centered as

Test 2 approached. And evening tutoring (for Low A1 students?) was instituted

after that. Admittedly , this is all impressionistic description , but it is

credib le, and it clues the next investigator about variations to expect.

Both the Peterson and Porteus studies were forced to use small samples

of students , the Porteus study extremel y so within subject—matters , so their

statistical power was weak and the regression surfaces may be poorly estimated.

But both were strong in the sense of ecological sampling. Peterson contrasted

four sharply defined treatments within a school context where seven other

naturall y vary ing classes could be studied comp~~a~ vely. Porteus was able to

trace the course of aptitude—treatment adaptation across a year ’s instruction

in two subject—matters . Most importantly, both yielded ATI consistent enough

with previous research , and with each other , to verify that the A1
A A  complex

Is an important source for All research.

Yet, understanding of this phenomenon is still not sufficient for theory

or prac tice . Despite obtaining f a i r l y  detailed descriptions of treatments ,

‘he two studies cannot really map their treatments onto one another. What is

needed Is an observation system designed specifically to study this ATI com-

plex both within and between school situations . For the present , other im-

pediments to  integration remain. The curvilinear functioning of A mentioned

above needs more detailed checking, the two studies do not define Ai an d Ac
iden t i ca l ly ,  and ne ither study gives us a clear picture of how these three

constructs fit together. Peterson and Porteus are working now to coordinate

their analyses and results on these points. Some further information can be

given here on the last matter .

In both studies , there was evidence of positive correlation between C and

A , and negative correlation between A and A . Table 1 shows these and otherI C X

results. (Since Peterson used simple variables rather than factors , the

table gives simplo results rather than factor combinations for Porteus.
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Al so Peterson used a verbal a b i l i t y  test alone , so Porteus ’s SAT—V results

are shown rather than those based on her genera l factor. Both are labeled C .)
Note that the correlation pattern was similar across studies except for A , 

c

which seemed to relate to C and A 1 in the Pete rson data but not In the Porteus
da ta. These relations suggest that attempts at tracing out a more detailed

and coordinated network among these constructs might pivot on C. It appears

to relate to A
1 
and A more hi ghly than these measures do to one another.

A seems to run counter , p a r t i c u l a r l y  to A .  And , the re is much evidence ,
in this chapter and elsewhere , showing interaction of C and A5. Further re-

search should capi talize on such relations , seeking convergen t and discriminan t

process descriptions of these dimensions , perhaps using observed classroom be-

havior and study skills. The reliability estimates given in the main diagonals

of Table 1 add the suggestion that A
1 and A are not well measured by the CPI

scales alone. Another useful project for further research would be to build

alternative measures for these constructs.

Table I about here

Some hypotheses to guide process analysis come from the bottom half of Table

1. Selected correlations are reported from a stud y by Ru tkowski and Domino

(1975) relating the CPI scales to an inventory of study skills and habits among

college students . (Here , the correlations for A are approximated , since CPI

contains no A scale . The approximation was based on correlations from

other C?! scales that form .i factor commonly thought to represent the opposite

of A . )  A rela tes rather strong ly to all four of these dimensions of stud y

behavior . A
1 

seems associ a ted w i t h  a ll bu t ~ielay avoidance. C and A are

apparentl y concerned only with work methods . Unraveling such relationship s

would be a useful next st&’~~.

The G G
t
C complex. All of the above argues for the addition of C to the

A1A~
A strthg. B u t C i s  it se lf a complex. The hierarchical model of ability

organization , as in terpr tted by Ca tt e l l  ( 1971) , has at its highest leve l a

distinction between flu1d—an~iI yt ic intell igence (C f
) and crystallized—verbal
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Table l

Corre lations among Aptitude s Reported by
Peterson ( 1976) , Porteus ( 1976) , and

Rutkowski and Domino (1975) .

Peterson Experimental Students (N=94) Porteus Experimental Students (N~56)

Aptitudes C A A A C A A A
C I C x C I c x

C 94
a 47 34 10 .63 .33 .11 — .10

C

A
1 

.48 .29 — .16 .62 .07 — .04

A .65 — .45 .70 — .23
C

A .84 .81
x

Rutkowski—Domino Colle&e Frosh (N 20l)

Delay Avoidance — SSHAb — .02 .07 .48

Work Methods — SSRA .32 .30 .41 — .31

Teacher Approval — SSHA .17 .42 .41 — .12

Education Acceptance - SSHA .10 .26 .49 — .12

Notes :

a Coefficients in the main diagonals are reliabilit y estimates given
by the respective authors . Porteus ’s coef f ic ient  for  C is the
coimnunality from her factor analysis, and is thus an un~erestiuiate .

b The four scales of the Survey of Study Habits and Attitudes.

c Estimated as the re f lected average correlations between SSHA aca.’es
and the five CPI scales wi th highest loading on Factor II , “Poise
and Self—assurance .”
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~nt e11I gence (C). After decades of tactor an~i l y t i c  debat e , t h i s  or r e l a t ed

hierarchical views have finall y become popular because they fit existing dat~
rather well while offering some hope ci p a r s i m o n y .  More specialized dis-

tinctions among abilities , such as G u i l l o r d ’s (1967) ,  can be fit into the

more specific levels of the hier. r -hy . Horn (1976) summarized much recent

correlationa l research unde r these rubrics , add ing spa t ial  v isual i za tion

abil ity (C) to the general l evel. The provisional use here of this three—

s i d e d  concept  of C seems j u s t i f i e d .

Cronbach and Snow (in press) adopted a h i e r a r c h i c a l  view in a t t e m p t i n g

to make sense of the li r ,- e number of ATI studies that rest on measures of

one or another of these constructs. l~nfortunat el y no large—scale All stud i~--
ittack this complex squarely. In most past research , ATI mus t be attributed

to an undifferentiated C’. And studies based on more specialized abilit y con-

structs cannot be understood as such , in the hierarchical view , unless the~’

rule out interpretatio n in terms of G by including genera l measures. Few do.

Thus , t h e  present  section must rely m a i n l y on a s c a t t e r i n g  of s m a l l — s c a l e

instru ctional experiments that art - i m p o s s i b l e  to integrate in a way comparable

to t h e  s t u d i e s  on the A .A A comp lex .
1 C X

C has been the most wid el y studied aptitude c o n s t r u c t  in  i n s t r u c t i o n a l

r e sea rch  and thus  015 produced  t h e  most  ATI . Table 2 a t t e m p t s  a summary 01

the  k inds  of t r e a t m e n t s  that seemed to a l t e r  the  r e l a t i o n  of C to outcome

most s u b s t a n t i a l l y ,  based on the  C r o n h a c h— S n o w  rev iew.  The genera l hypothes is

de r ived  f rom t h i s  r e v i e w  is s t a t e d  by I t e m s  1) and 11) of the table ; in—

s tr u c t i o n . i l  t r e a t m e n t s  d i l f e r  in t h - . i n f o r m a t i o n  p r o c e s s i n g  burdens  they p l a c e

on , or remove f r o m , the  r e s p o n s i b i l i t y  of the  learner , and the regress ion  slo i s  -
~

of c o g n i t i v e  outcomes  on C’. become steepe r or shallowe r accordingly. It seems

t ha t  t he  more ie~~rn er s  ire r e q u i r e d  to p u z z l e  t h i n g s  out fo r  themselves , to

o r g a n i z e  t h e i r  own s t u dy  and b u i l d  t h e i r  own comprehension , the more able
learners  c a n  -ap i t a l i z e  eu their strengths profitably. As instructional tre~~t—

ments  are a r ranged  to r e l i eve  le a r n e r s  f rom d i f f i c u l t  r e a d i n g ,  a n a l y z i n g  compl ex

concepts , and b u i l d i n g  t h e i r  own c o g n it i v e  s t r u c t u r e s , the more such t r e a t m e nt s

seem to compensate for or circumvent , less able  learners ’ weaknesses . Thest-

latter t reatments help Low C students ; the High C students may or may not do

well in th”m . Often , the impress Ion from such studies Is that High C students

-a n do well enough no matter what treatment is applied.
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Table 2 here

But this is not always the case. Item 16) in Table 2 suggests that some

kinds of treatment—supplied cognitive models can actually be harmful to High C

students . Whether such an effect is widespread , and whether it holds for C
C

Cf) and C , or for only one or two of these constructs , are important research
questions. Cc 

and G are easily separated correlationally. (This is essen-

tially the distinction between v:ed and k:m consistently reported In British

fac tor analytic studies.) But C
f 
is not readily separable from the other two

in th is  way . Experimental manipulations that could make such distinctions

would sharpen construc t validi ty , especially of Gf~ as well as providing pro-

cess hypotheses about ATI .

Two lines of research relating to this question , by Salomon and by Greeno

and Mayer , were summarized by Cronbach and Snow. They are treated here briefly,

followed by the most recent studies by Mayer and Creeno , along with scattered

other work.
An early study by Salomon (1968) used a commercial film to give either “cue

attendance” or “hypothesis generation” training to student teachers . The former

asked the students to notice many stimulus details in the film ; the latter asked

then to produce possible theme s for the story depicted . The fi lm scenes were

shown in scrambled order to some groups . A posttest was scored for information

seeking (questions asked in a problem—solving transfer task about a curriculum

organization problem). C (GRE—V) related to outcome positively after hypothesis

generation training , but negatively after cue attefldance training. Apparently,

Low students were helped b y p ractice in at tending to details , but High C

st udents were hur t  (or bored) by this . Hypothesis generation may have required

more syn thesizing, which perhaps overloaded Low C~ students while challenging

High Cc 
students.

Salomon (1974) then investigated the effects of modeling a skill process

by film . Two studies concerned the cue—attendance skill, defined in terms of

both quantity of detail8 noticed in visual displays and organization of spatial

scanning (perhaps an aspect of Cf 
and C). The visual displays were complex

paintings. A cue attendance measure served as both pre and postteat, yielding

q ua nt it y  and organization scores. Another posttest measured informat ion search

in problem—solving. In one treatment condition , a film demonstrated the process

of zooming in on closeups of specific details one after another in sequence .
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Table 2

-4 A Summary of All Hypotheses Relating
General Ability (G) to Various Instructional Treatments (I)

When I is described as... ... the expected results for students
described on C as Low and ~~~~ are . ..

1) placing burdens of information processing on learners, _a and + respect ively
2) using elaborate or unusual explanations , — “ +

3) a “new” curriculum , — “ +

4) including discovery or inquiry methods , — “ +

5) encourag ing learner self—direction , - “ +

6) relat Ively unstructu red or permissive , — “ +

7) relying heavi ly on verbiage , — “ +

8) rapidly paced , — “ +

9) giving minima l essentials by ~1
b 

for learners to elaborate — “ +

10) giving advance organizers on difficult material , — “ +

11) relieving learners of information processing burdens, + “ 0

12) giving all essentials by P1, + “ 0

13) s impl i fying or breaking down the task , + “ 0
14) providing redundant text, + “ 0

15) substituting other media for verbiage) + “ 0

16) using simplified demonstrations, models, or simulations , + “ —

17) varying the forma t of P1. inconsistent
18) including inserted questions, inconsistent

19) using diagrasinatic or pictorial presentation, inconsistent

20) based on specialized film or TV. inconsistent

aFor ~~ read “poor” ; for “+“ read “good ” ; for ~~~~~~ rea d “uncertain ”.
b~ 1 Progranined Instruction .
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Another treatment merely gave practice (called “activation”) in noticing and

listing details. ATI were marked ; the film model helped students initially

low in cue attendance but disrupted already skilled students , who did better
with simple activation. The same result occurred for the problem—solving

outcome in the first study but not in the second (although it was measured
differently here). Also, in the second study, measures of C

f 
(Embedded Figures)

and G were included , and these gave the same ATI results as did the cue atten-

dance pretest. It was hypothesized that giving High G students a processing

model which they do not need causes interference with their own idiosyncratic

processing. Also noted was the finding that scanning by able students appeared

more organized after model training; they seemed to organize their search accor-

ding to the model at the expense of listing details, while less able students

showed the opposite pattern .

A final experiment used a film model to demonstrate the sort of folding

and unfolding of three dimensional objects often foun d in measures of C .

Pre and posttests were two kinds of Thurstone C tests. Two other pre measures

represented C (grade point average in language and mathematics courses).

Modeling seemed to improve C for all students, with no ATI. But language

grade interacted ; it was positively related to the C,, outcome measure in a

control group and negatively related in the model group. Salomon suggested

that the normally logical, sequential processing of high verbal students

might be disrupted by attempts to use the spatial operations given by the model.

It is not clear why mathematics grade would not have given the same result,

except that higher—level mathematical ability (and presumably also mathematics

achievement) has been found related to both Cc and Cv (i.e., 
it may be close

to Cf
). For a review of Ge

_mathematics relations, see Aiken (1971).

The work of Greeno and Mayer serves several task analytic purposes in

instructional research in addition to the interest at hand . In one study,

Mayer and Creeno (1972) compared a rational—conceptual method with an algorith-

mic formula method for teaching binomial probab ility by CAl to college students.

They obtained ATI using a pretest on probability and permutations , but not with

a mathematical ability test or with self—reported SAT—Q score as aptitudes.

Students with high pretest scores did better with concepts, and worse with the

algorithms than did students with low pretest scores. Apparently, the more

rational treatment required knowledge of prerequisite probability concepts and

permutations , hence was best for Highs. The algorithmic approach did not require
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these prior structures and so was better for Lows. It can be hypothesized

further that Highs did poorly with algorithms because the latter did not f it

the modes of operation preferred by these students, or because they were not

rationalized as meaningful in relation to students ’ prior concepts. As in

some other studies, a kind of learning hierarchy may be implied by this All
finding, where alternative treatments are best at differen t stages of knowledge

acquisition .

The authors went on to suggest that the two treatments produce different

structural outcomes. The conceptual condition evidently produced a cognitive

structure with good external connectedness (with components easily separable

for use in problem solving). The formula condition produced good internal

connectedness (easier application of the concept as a whole).

Egan and Greeno (1973) then compared a rule method with a discovery method

in a similar situation . Again, specific pretests and SAT—Q were the aptitudes.

The rule group was taught the formula for comb ining binomial probabilities

while the discovery group had to infer it from examples. A similar, though

ordinal, ATI occurred. The posttest had strong relation to aptitude (both

specific and general) in the discovery group and almost none in the rule group ,

so discovery was particularly disadvantageous for Lows. Again , structural

differences in outcome were noted . Discovery learning was characterized as

producing external connectedness similar to the outcome for conceptual learning

in the earlier study. This was interpreted as supporting Gagn~ ’s view that

the learning of meaningful concepts and the discovery of principles result in

similar outcomes. Rule learning gave better internal connectedness,as did the

earlier formula treatment.

A fur ther distinctive feature of this study was the use of a multifaceted

transfer measure, with problems stated in both words and symbols, and of both

near and far transfer (Luchins) types. There were interactions between apti-

tude and type of problem . The combination of aptitudes related to performance

on all kinds of problems , but related most strongly to the far transfer—Luch ins

problems. As many other studies have suggested, regression slopes were steeper

in discovery than in rule conditions.

A smaller study was also reported here using programmed booklets instead

of CAl. Specific pretest gave roughly similar ATI trends as in the main study ,

but the more general aptitude tests did not interact.
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Mayer , St iehi . and Greeno ( 1975) have produced extensive fu r the r  work along

these lines.  There were t ou r  expe r imen t s , a l l  wi th  college s tuden t s .

In the f i r s t  stud y (N~ 4 4 ) ,  s t u d e n t s  received CAl instruction in binomial

probabili ty using a fo rmula  or a general  concepts program. A crossed t rea tment

variable concerned whether or not quest ions were interspersed in the text. Again ,

a faceted posttest allowed qualitative distinctions in learning . Aptitudes

were self—reported SAT—Q, t wo specific pretests on probability and a r i thmet ic
concepts , and a permutat ions test. There were no main effects for treatment.

Dividing students into Low, Med ium, and High on each aptitude in turn , All

results quite like those of Egan and Greeno were obtained . On the probability

and permutations pretests , the formula condition was best for Lows while the

general concepts program was best for Highs. The arithmetic pretest gave

the same pat tern for  Highs but t reatments  did not d i f f e r  for  Lows . Self—
reported SAT—Q did not in te rac t .  Beyond its value as replication , this study

is important in another respect;  it p robed fur ther  into the possibility that

aptitude—treatment—posttest interactions (ATFI) might occur. If AT combinations

resulted in qualitatively different learning outcomes, then aptitude would be

relevant not only to amount learned in a treatment but also to the kind of

learning produced by a treatment . However , ATPI were for the most part non-

significant. Some trend s suggested , for example, that among medium aptitude

students (on the probability pretest), the formula treatment produced higher

performance on questions stated in formula form while the general concepts

treatment was better for questions stated as stories, with no such differences

among low and high aptitude students. Had such patterns occurred at other

levels, or more importantly, had different patterns occurred at different apti-

tude levels, a whole series of important further questions would arise in ATI

work. Faceted postteats of the sort used by Greeno, Mayer , and their coworkers
should become routine in instructional research , including ATI studies. The

ATPI possibility remains an important question to ask, especially in studies

of longer duration.

The other three studiea of Mayer , Stiehi , and Greeno dealt with manipu-

lated prior experienc e rather than its measurement via aptitude tests. In

one (N — 90), students received no introductory problems , some introductory

problems but no feedback, or problems with feedback and correction. The same

instructional treatment s as above were then applied . Again , main effects

were not signif icant , bu t the interaction of prior experience and treatment

was significant and similar  in some respects to the earlier ATI findings.
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Students without prior experience did better with the formula treatment .

The treatments did not appear to differ for experienced students. There were

also some experience—treatment—po sttest interactions, indicating that the

nature of instruction made some qualitative difference in outcome for students

with prior experience , but not for those without it. The other studies (N = 50;

40) gave preinstruction in formula writing or in the meaning of concepts , or

both or neither , and then placed all students in a cotimon instructional sequence.

This was designed to show the difficulty of different steps in learning . This

kind of pretraining manipulation seemed to produce a set to learn particular

aspects of the material. Formula experience , for example, produced strong per-

formance on formula questions but poor performance on story problems, while no

experience or experience in both treatments gave better results than did

formula experience , particularly on story problems. Ceneral concept experience

alone was best for story problems.

From all this ,the authors draw the following three—part conclusion :

1) ATI results suggest that formula instruction should be given to low

aptitude students , to increase total amount learned.

2) If , however , ATI arises from fairly specific kinds of prior knowledge ,

a better policy would be to provide low students with training to remedy this.

3) This is so because , while the formula treatment produces skillful

performance , it does not produce more general understanding and so does not

prepare the low aptitude student for later learning .

This reasoning is sensible enough as far as it goes. It emphasizes

the important role that prior achievement may play as aptitude , a point

also made by Tobias (1976) in a review of other such studies . And , it

harks back to the Brownell and Moser (1949) results (discussed by Cronbach

and Snow). In a multi—school comparison of rote vs. meaningful arithmetic

instruction , they found that some third—graders seemed unable to profit

from explanat ions.  Their prior rote training had apparently developed an

inap t i tude  for  later  mean ingfu l  instruction . Thus , shor t—run , expedient
decis ions about alternative treatments may be detrimental; one needs to

take a longer view.

But a longer view involves at least three other issues, and the present

results do not address them. First, learning time in the Mayer and Greeno

experiments is measured in minutes while school learning is measured in

mon ths. In school learning, it is important to ask: How much prior training
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will be required for students low initially on a specific achievement pre-

test? How far will this training carry them into the next block of instruc-

tion? How far behind other students will they be as a result? when specific

inaptitudes can be made up easily, without other costs, that is clearly the

best line for the educator to take in applying All data. But if remedial

instruction becomes the predominan t mode for some students , other k nds of

alternate treatments need to be considered.

Second , and perhaps more importantly, one should ask: Do not both

high and low students initially need ultimately to have both kinds of instruc-

tion? An old study by Edgerton (1956 ; see Cronbach and Snow) suggested

just this. A 14—week course for weather observers was taught in two alterna-

tive sequences ; theoretical explanations first , then practical techniques, or

the opposite . On a faceted posttest much like those used by Creeno and Mayer ,

items could be divided into “How” questions and “why” questions. On “How”

questions, the theory—first treatment was especially beneficial to students

low on numerical ability (C ?). This treatmen t had apparently given these

students concepts that would help them when they reached computation . On

“Why” questions , the techniques—first treatment was better for students low

on reasoning ability (C
1?). They were allowed to master computation to hel p

when conceptual reasoning was required. The implication is that comp lex

instruction should start with the treatment that avoids each student ’s weak-

ness, even if both treatments need ultimately to be given. Another Edgerton

(1958) study compared rote vs. meaningful explanation in an aviation mechanics

course . As it turned out , C~ related more strong ly to performance in the rote

treatment than in the meaningful treatment. Apparently, explanation helped

Lows while Highs generated their own explanations.

Third , tests of specific prior knowledge must be connected to the more

general fabric of individuAl differences. One cannot study mathematical ability

and achievement in isolation just because it appears to be more directly

relevant. Ordinarily, all measures of prior knowledge including specific

pretests can be thought of as representing C .  It would be convenient to

do so here, but for the apparent fact that the ATI findings came mostly

from the specific pretests rather than the general tests. However, the

four aptitude tests used were undoubtedly intercorrelated and one can

speculate that ATI was mainly associated with the principal component of

these. Hence the simplest interpretation of the results should rest on
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G G
1
, until future research shows conclusively that general constructs

cannot account for specific All . As noted earlier , mathematical abilities

often seem to combine G , C • and Gc f v
The most recent work in this series comes from Mayer (1975). He taught

compute r programming to undergraduates us ing a diagrammatic model of a comp u-

ter expressed in familiar terms as one treatment , and a condition using a rule

text with examples but no overarcing framework or model as the other. Three

studies were reported , each using extremely brief instructional booklets.

The first study (N’.86) compared two model and two rule treatments , one

of each including an introduction to flowchart symbols. Aptitudes were SAT—Q ,

and tests on algebra computation , algebra word problems , card trick problems ,

and permutation ordering. The posttest required generation and interpretation

of programs , with and wi thout loops. A main effect favored the model. It was

not clear h w  ATI was tested; presumably separate analyses treated aptitude as

a two—leve l blocked factor , since later studies did this. Mayer reported

there were no All . SAT—Q and the algebra tests did , however , give substantial

correlations with various facets of the outcome measure.

In the second study (N=40), aptitude was represented in the design by

SAT—Q, split i n t o  h i g h  and low ability blocks at score 560. Again , two rule

and two mode l groups were  compared , one of each i n c l u d i n g  an i n t roduc to ry

program . There were two program learning exercises. An addi t ional  outcome

measure was a t r a n s f e r  set of programming exercises. There was no main e f f e c t

due to the model , but  Lows made fewer e r rors  i f t e r  ins t ruc t ion  w i t h  the mode l

w h i l e  Hi ghs were b e t t e r  o f f  w i t h o u t  the model .  This pa t te rn occurred in both

l ear n i n g  e x e rr i se s  as well  as the t r an s f e r  exercises. (The trend was not

s t at i~~t i c a l Iy  s i g n i f i c a n t on t r a n s f e r , but  a small N design wi th  apt i tude

bloc ked does no t  p r o v i d e  a powerful  t e s t .)

The t h i r d  s t u d y  (N 56) used e s sen t i a l l y  the same design and measures but

crossed mc’ iel vs.  r u l e  t e x t  w i th  two types of practice ( in te rpre ta t ion  vs .

ge f l e ra t  IOn 01 p r o g r a m s) .  The same ATI was obtained . Also , the three—way i n t e r —

i t i o n  was n o t e w o r t h y ;  w h i l e  the ru le  trea tment was best for  Highs and the
mode l t r e a t m e n t  was best  fo r  Lows , in the generation p rac t i ce  condit ion , the

r u l e  t r e a t m e n t  was best f o r  both a b i l i t y  levels in interpretation practice .

‘- lay er  co n c l u d e d  tha t hi gh a b i l i t y  s tudents  may be hur t  by the mode l because

they a l r ead y have the i r  own idiosyncrat ic  “models” , in the form of rich prior

knowledge . I.ow ; i h l l i t y  s tuden ts  seem to experience no such in te r fe rence.
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All  these st u d i e - ~ h int that t reatments based on simplified models , ,-i ’~ y r —

ithms , direct rules to toll ow , etc., may be detrimental to High G students ,

even whi le  they he l p Low ~ s t u den t s .  T h i s  Is a special case of the  gt -II r a l
hypothesis stated earli er •ihout the locus of the i n f o r m a t i o n — p r o ce s s i n g  burden ,
student or treatment, It i~ an especiall y interesting case because it implies

negative effects on High ( ; students. Some kind of interference phenomenon ,

operating between what the model tries to help students do and what students

would ordinarily do on their own , seems to be responsible. But the sources

of this interference cannot be pinned down more exactl y at present. Nor is

it clear that the phenomenon is more associated with C , as might have been
C

hypothesize d fo l lowing  inc Salomon s tud y .  All of the studies show the effec t

with C . One of Salomon ’s studies failed to show it with C . But none of
C v

these studies effective ly distinguishes C and G
f. 

or any of these gene ra l
c

constructs from the special pretests pre ferred in some s t u d i e s .  Such dis-

tinctions will be important in future research; sharpening the aptitude con-

structs at work in ATI where Highs are hindered by a model or algoriti t

should help define the Interference mechan isms that produce such results.

Two other studies bear more directl y on the C C distinction. But theyc f
fail to make it clear .

Skanes et al (1974) used a brie f treatment to exp lain and give practice

in solving problems . Ove r 2000 students in G rades 5 to 9 participated. ~omc

students received practice on letter series , some on ntmiber series. These

groups were further subdivided , to form pre test and no—pretest groups. A

fifth group served as control. Pretest and posttest were forms on Thurstone’s

Letter Series Test. Aptitudes were the Raven and Otis mental tests , the first

of which is often considered as representing Gf~ 
the second as G or C .

c
tiple regression analysis showed two s ign i f i can t  All . It appeared that

students high on Otis were helped by having the pretest while students low

on Otis were better off without it. Also , students low on Raven were helped

by direct training on letters while those high on Raven derived more bene fit

from the indirect training using numbers. The analysis did not distinguish

C and G satisfactoril y; Otis and Raven were undoubtedly correlated . Thus
f c

the results must be a tt r i b u t e d  for the time being to an und i f f e r en t i a t ed  C.

If the direct vs. indirect variation could be shown to interac t specifically

with C
f~ 

it would imply that the information-processing burden hypothesis

discussed previously app lies to C as well as to C
f c
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Chrlst-Whitzel and Hawley—Winne (1976) conducted a year—long evaluation of

individuall y prescribed instruction (IPI) in mathematics , using 124 sixth graders.

Treatments were IPI , a mathematics management and support system which related

different oblectives to available curriculum materials , and provided ind ividual

and small—group as well as whole—class teaching , and a traditional basal text

wi th whole class teaching. Each treatment was applied in three classes of a

differen t school. Two forms of the Comprehensive Test of Basic Skills served

as pre— and post test , administered in Spring of the prior year and in Spring of

the treatment year. This gave a total score and subscores for computation , con-

cep ts, and appl ications. While these were used as separate outcome measures ,

the total score alone was used as aptitude. Also , an IQ score available at

pretest correlated highly with the pretest scores, so it was not inc luded . The

p re t e s t  t o t a l  score can p r o b a b l y  be thought of as C .  Other aptitudes were
Embedd ed F igu res  (C

f
) and ques t ionna i res  giving several se l f—concep t  and locus—

o f — c o n t r o l  scores.

M u l t i p l e  r egress ion  an a lyses  showed G accounting fo r  most of the var iance

in each outcome measure , w i t h  Cf adding s ign i f i can t ly each t ime. Treatment

m a i n  ~- Itee ts showed t r a d i t i o n a l  i n st r u c t i o n  h ig hes t and IPI  lowest , b u t  these
d i t t ~-ren c-es a l s o  ex i s t e d  at p r e t e s t  so no average conclusion is j u st i f i e d .  A TI
ap p e i r t - ti f o r  b o t h  C and  and t h e y  seemed to run in opposi te  d i r e c t i o n s .
For t t a l  outc~ rne and c o m p u t a t i o n , Low C s t u d e n t s  were b e t t e r  served by IPI
w h i l e  Hi gh C st udents d i d  better in traditional classrooms . After extracting

this Int e r act i on , howeve r , H i g h  C
f students seemed to do b e t t e r  in IP I~ For

the  o t h e r  tv outcome s these ap t i t u d e s  con t inued  to  show main e f f e c t s . The

~VII  t r en d s  were as before but , very  f a i n t .  Self concept showed one other ATI ;
on t he eon - t - p t s  su h t t : - s t , t he  cu r r i c u l um  managemen t t r ea tmen t  was best for
Hi ghs , v~~i ~

- the other treatments were bes t for Lows.

The anal ysis Is an Interesting demonstration of AIX used in evaluation , but

It does not .~o far enough far the present purposes. Without knowing correlations

among all the pretest measures , or sharply disting uising C and G
f 

as predic to rs ,

the impl ica t ion is not fully tested . An important hypothesis, however , for re-

analy sis and for furth er research , is that individualization (via IPI) helps

t i e  who have not learned well in prior instruction but who have high fluid

abi~~1tv (“underachievers”?); It is less effective for those high in prior 
—
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achievement and/or low in fluid ability. This result would replicate the old
Anderson (1941) s tudy,  which gave a similar implication in a comparison of drill
vs. meaningful instruction. As will be clear in the methodology section to come ,
however , the Anderson finding does not withstand reanalysis.

This section can be closed with a series of studies dealing with the decep-
tively simple distinction between C and C .  The most popular special ability
hypothesis in ATI research has been that a verbal vs. visual distinction among
abilities should interact with similar distinctions in instructional materials.

The simplest hypothesis was that High G
~

_Low C
c students would excel in visual

simplest hypothesis was that High C —Low G
c 

students would excel in visual

treatments while Low C —Hi gh C students needed verbal treatments. The Cronbach—
V C

Snow review showed much inconsistency in attempts to verify this (see Table 2)

and suggested that the hypothesis night often be stated in the opposite way .

Visua l treatments might at times compensate for Low C ;  verbal treatments mi ght

compensate for Low C .  Difficulty of the material would be one importan t moder-

ating factor in such hypotheses. Also , genera l vs. special ability interpre-

tations needed to be clarified.

Gustafsson (1974; 1976) has pursued this problem in three studies done in

Sweden. The work Includes a thorough rethinking of ATI in this domain , and

a methodolog ical comparison of various regression and blocked anova approaches .

The first study (N 316 seventh graders) used a 9—page text on the polar lights

phenomenon as a verbal treatment , with a slightl y reduced text plus 17 illus-

trations (16 pages) as a pictorial treatment. Aptitudes were Opposites (C),

Number Series (Gf?). 
and Metal Folding (C), plus some interest scales. Out-

comes were short—answer and essay tests administered directl y after instruction .

showed stronger relation to achievement in the pictorial treatment , while C

was more highly related to performance in the verbal treatmen t , particularly

on the essay outcome . Number Series gave results rather like those of

This finding , then , demonstrates the traditional expectation . But some special

concerns about the study led to a reanalysis (summarized in Gustafsson , 1976).

This allowed quadratic term s and also checked some effects by blocking on apti-

tude. The results for the essay test remained essentially unchanged ; verbal

instruction was best for students low on C and high on G~ while pictorial

instruction was best for student s high on C and low on C .  But this effect had

to be attributed in part to interference from some assoc iation tests which had
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been administered during Instr u lion in some groups ; they  a p p a r e n t l y  had had a

n ega t ive  e f t e c t  on the r e a d in g  s t rat e g i e s  of High C
c

_LOW G s tuden ts  and could

hav e accentuated the All. Results for other criteria were modified in a compl&-;-

way. Apparently, verbal instruction served High C —Low Gf 
students best on ti

ss rt answe r t e st .  A complex three—way interaction among the aptitudes was

regarded by the author as due to measurement problems . Finally , for those short-

answer items that dealt directly with the illustrated material, pictorial instruc—

tion was best for Low C stud ents and for Medium C students who were high on C
C C V

This was apparentl y regarded as the most trustworthy of the  resu l t s .

Gu s t a f f son ’s (1976 )  second s tud y (N=20l seventh grade rs ) sough t to rep 1ic a t~
these t i n d in g s  us ing the same i n s t r u c t i o n a l  mater ia l  and the same three aptitu d s.

The s h o r t - a n s w e r  test was again divided in to  items bear ing  on i l l u s t r a t e d  vs.

n o n i l lu s tr a t t ’d  m a t e r i a l .  This plus the essay test were administered as inuneu iatL

criteria and again eight days later as retention measures. The pictorial treat-

ment produced somewhat hi gher achievement on all criteria. Overall , ATI were

not significant. However , the score for illustra ted short—answer items gave

steepe r regression slopes on C in the verbal treatment than in the pictorial

treatment , so students low on C did best with pictures. This is consistent
c

wi th the reanalyzed results of the first study. The effect reached borderline

significance at retention. As in the first study, C showed a tendency to

augment this effect , so that the best performances in the pictorial treatment
among students low on G occurred among those also high on C .  The results for

essay were mixed and failed to conform to earlier findings.

A third study (N=229) used new Instructional materials on the heart and

blood circulation system. Again , brief text materials were presented in

illustrated and unillustrated versions. In contrast to previous studies , t h e

subject—matter was especiall y designed to be “spatiall y demanding”, on the

hypothesis that l,ow C students would thus profit most from pictures. In—

r.s- dia te (,utcoln c measures yielded three scores: verbal con tent achievement ,

verbal a-hievm ent on spatiall y demanding conten t (called “spatial”), and

pictorial content achievement. Aptitude tests used and factor ana~ ”tIc results

for them are shown in Table 3. Gustafsson chose to use simp le aptitude

s( )re.q in some ATT analyses , factor scores in others,and some combin ations

of sim p le scores In still others .

Table 3 about here
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Table 3

Varimax Rota t ion  Results from Factor Analyses Reported by
Gustaffson (1976), Satterly (1976), and Das and Molloy (1975)

Testsa C C PA PS M
c f v

Gustaffson Opposites .83* .16 .07
Seventh Graders Reading Speed .80* — .04 .15
(N 229) Number Ser ies  .66* 37* .09

Metal  Folding .42* •5 3* .25
Figures .15 .82* .01
Hands .03 77* .01
Word Pa i r  Associates  .21  — .01 .88*
Pic tu re  Pair Associates .05 .12 .90*

S act e r l y Verbal I n t e l l i g e n c e  •7(, * .26 — .08 .05
F i f t h — S i x t h  Graders Eng l ish Comprehension . 8 3 k  — .07 .27 .03
(N 20 l)  P i c t u r e  Vocabulary  •) ~J* — .01 . 38* .16

M a t h e m a t i c s  At ta inmen t .67* 30* .09 .04
Embedded Fi gures .31* •77*  — .04 .13
H a p t i c  Pe rcep t ion  . t .’* .48* .23  .18
A n a ly t i c  P re fe rence  — .04 .64* .10 — .18
( ;o t t s ch aldt  Fi gures — .0 2  .48* .5 2* .25
Sp a t i a l  Judgment  •3/ ~* .13 .65* . 2 5
S p a t i a l  A b i l i t y  . :‘f~ .03 .87* — .08
P e r cep t u a l  Speed .11 .01 .10 •93*

Das and Molloy b Verba l  IQ • ‘~9* .08 — .16 ~~~~
Fourth Graders Backward Digit Span . 76* .28 — .03 .1-
(N 60) Br i d ge Task ~ . 54* • 34* .04 — . l~

Performance IQ .22 57* .08 - . 2 3
Raven M a t r i c e s  — .o,  .86* — .02 — .02
Figure  Copying  .07 •75* .18 .00
Memory f o r  Designs (Er ro r s ) — .o i  _ .7 0* .03 .07
Cross—Modal  Coding  .01 .64* — .11 . l~
Word Reading .03 .04 .84* -.14
Color  Naming ._

•~~~~~ 
.06 .78* .01

Forward Digit Span — .14 .04 .00 .80*
Visua l Shor t  Te rm Memory •j i ~ — .08 — .2 2 .67*
Ser ia l  Reca l l  .05 — .07 .01 •9~ *
Free Recall .08 .00 — .01 •9Ø*

Notes:

* Factor loading exceeds .30.
a Published Test Lists have been reorde red here to place similar tests together.
b In the Das—Molloy List , two variables defining an SES factor have been omitted.
PA Paired associates learning factor.
PS — Percc~ tua1 speed factor.
M — Short term memory or memory span factor.
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Various inalvse~, fail ed to show s u b s t a n t i a l  ATI . There was a t endency

toward  t u r v i l i n e a r  r e g re s si o n , w i t h  the p i c to r i a l  t rea tmen t g iv ing  best r e s u l t -

on t h e  s p a t i a l  c r i t e r i o n  b r  s t u d e n t s  sco r ing  e i t h e r  low or h i g h  on the  Fi g u r e s

l’ebt (G
~~

) . But  this t r e n d  also seemed presen t fo r  the  verba l  c r i t e r i o n  In

ge r e ra l , Gu s t a f s so n  c on c l u d e d  t h a t  f o r  verba l  and s p a t i a l  c r i t e r i a  t h e r e  were

no All . For the p i c t o r i a l  c r i t e r i o n , there  was o rd ina l  i n t e r a c t i o n ; the

p i c t o r i a l  t r e a t m e n t  was be st  f o r  eve ryone bu t  least  so fo r  s t u d e n t s  hi gh on

C and low on C .  This i s  c o n t r a r y  to the h y p o t h e s i s , and i t  does not  seem

to m a t c h  up w i t h  t he  r e s u l t s  of t he  e a r l i e r  s t u d i e s .  The c o n f l i c t i n g  c h a r a c ter

of th e s e  s t u d i e s  is  t y p i c a l  of research on the verbal vs. v isua l c o n t r a s t , as

noted  ea r l i e r.

Table  3 has been c o n s tr u c t e d  to i l l u s t r a t e  a point also a l luded to by Gus —

t a f s s o n . Number Series and Met a l  Folding had cor re la t ions  w i t h  members of b o t h

sets of tests , and the f a c t o r  anal ysis split them between G and C .  This se~~ ~
to  be a t y p i c a l  r esu l t , not s p e c i f i c  to these da t a .  One might conclude tha t

pe r fo rmance  on these t e s t s  requ i res  both  C and C , or tha t  the i r  item s can be
C V

solved using e i ther  a b i l i t y ,  or t ha t  they represent a b i l i t i es  involved in the

other  two ab i l i t i e s, name l y G or U f~ This l a t t e r  p o s s i b i l i t y  is o f t e n  lost in

such ana l yses;  it migh t  have been made to appear in the  Gus taf s son  da t a  b y the

add i t ion  of measures  such as the  Raven or Wechsler Pe r fo rmance  I Q ,  or by a f a r - -

to r  s o l u t i o n  closer to the  unrota ted  axes than the var imax  p rocedure  al lows .

D a t a  f r o m  two o the r  s tudies  are shown in Table 3. S a t t e rly  (1976 sought

to  d i s t i n g u i s h  the  co g n i t i v e  s t y le c a l l e d  “ f i e l d  independence ” fr o m  C and t h e n

r e l a t e  i t  to  m a t h e m a t ics achievement . This s ty le cons t ruc t has process imp li-

cat ions , so u n d e r s t a n d i n g  migh t  be advanced t he reby .  But h is  choice  of r e f e r n

measures produced  only C and C , so his s ty le  f a c t o r  cannot  be d i s t i n g u i s h e d

f rom C 1 and is so labeled here.  As in the  Gustafsson da ta , several measures

i n c l u d i n g  t h e  m a t h e m a t i c s  score may represent  e i ther  or both  of two a b i l i t i e s ,

or a more b a s i c  one ; measures  such as Raven or Wechsler Performance IQ are ag~: i n

needed . The Das—Molloy research (1975 ;  see also Das , K i r b y ,  & Jarman , 1975)

represents a unique attempt to reinterpret ability factors in process terms ,

using Lurla ’s distinction between simultaneous and successive modes of informa-

tion integration in cognition . They interpret what is here lab€led Cf as simul-

taneous because i t  includes several tasks that involve spatial—constructive or

mul l isensory performan ces , in addition to the traditional C
f 
markers. This is

a p r o v o c a t i v e  suggestion for research , but not an argument for creating new

Ia b r  l a b e l s .  I h e  Br idge  Task in pa r t i cu l a r  may s ignal  an important direct i n
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for  such research , with it. negative loading on G1~
. But what is here called

was interpreted by Das and Molloy as proficiency in spatial—imagery . There is

no justification for this in the data , and no measures were included in the

battery. The factor called “successive” must be listed here as short term mem-

ory; its tasks are common memory measures , which are admit tedly serial in character.
Thus , Table 3 i l lus t ra tes  the problem s endemic to much of differential psy-

chology . Aptittsde factors can be extremely useful as reference points for sort-

ing individual differences. But alone they can never be interpreted as unities ,

or yield process theories , or sustain new interpretations. Correlational analysis

alone will never solve these problems. What is required are process descriptions

of how s tudents  solve the problems r eprer ~~nted in d i f f e r e n t  tests , and this will

require introspective in te rv iews  as well as much exper imenta l  ana lys i s .  It may

be fo und , fo r  example , that Metal Folding problems are solved by some students

using visualized rotations , and by o thers  using anal y t ic  reasoning . This is the

imp l i ca t ion  of ear l y research b y French (1965) . U n t i l  a p t i t u d e s  as well  as treat-

men ts can be described in such terms , inconsistent All results , and consis ten t

results as well , will not be satisfactorily understood .

In sum, work on the G C
1
G constructs is insufficient to justify their

distinction in ATI research. The recommendation is not to dispense with the

distinction , but rather to sharpen the analytic attacks in both instructional

and laboratory research. No ATI stud y has yet measured the three adequately.

At the same t ime , the corre lates of each should be sought in the broader domain

of d i f f e ren t ial psychology. No research that includes a mental measure studies

that variable in isolation . The personal , motivational , and social cor re la tes

of these constructs may help to distinguish them from one another and to connect them

to other instructionally’ relevant comp lexes , such as A~A A .  A long line of

research has sought to accomp lish this for the verbal vs. quantitative ability

distinction (see McCarthy, 1975). The same is required for G
c
C
f
G
v~

In the meantime , the interpretation of most cognitive tests in All rests

on C. And , for the sake of pars imony, any study investigating a more specialized

aptitude mus t show its separa t ion from C emp ir ically. The only other cognitive

abil ity constructs thus distinguishable , that also have had some place in All

research , are the other factors listed In Table 3; memory measures , percep tual

speed , and some specific learning performance measures. Memory tests , in

par tl cul .3r, have occasionall y shown distin ct interact ions. These will he

touched on In the final section of this review .
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Me thodological  Deve lopmen ts

Cronbach and Snow argued that tests of All hypotheses would have to

be desi gned as large—scale , long—dura tion , real school studi o— . Only in

this way could stabilit y of aptitude and treatment effects be achiev ed, wit h

sample sizes s u f f icien t l y large for powerful statistical tests , in settings

likely to lead to practicall y important conclusions. Studies on this scale

are expensive and time—consuming, so they occur relatively Infre quently.

But they are i nc r ea s ingl y seen as wor th  the e f f o r t ;  the  P e t e r so n  and Porteus

s tud ies  s tep in t h i s  d i r e c t i o n . Also , the incorpora t ion  of an ATI viewpoint

into large—scale evaluation studies has increased , and see ondarv anal yses 1

da ta f rom such stud ies has hel ped to tes t some All h ypo theses at minima l

extra expense .

In all All work , multi ple regression methods have been advocated C I S  th e

most general and appropriate approach ta data analysis. With new t e xts now

avai lable (see Kerl inger and Pedhazur , 1973; Ainick and Walher~~,lq 7c j; Borich ,

Godbou t , and Wunder l ich , 1976), multiple regression methodolog y is coming

into routine use.

A new look at regression methodology in large scale s t u d i e s , h oweve r , h i s

introduced some new problems with potentially profound Imp lications for fut ti r t

r e sea rch .  These r r o b l e m s  arise from methodological concerns , hut they h ive

cen t ra l  substant ive importance.  They are introduced in this s e c t i n , to spur

interest and further development , but they cannot be resolved her’- .

Betw een—class and within—class regression components. The large . re~ii

school studies advocat ed for ATI research must inevitabl y in c l u d e  m o lt ip l~ r i o-

room s, wi th classes assigned to alternative instr uctional treatme nt~ There

then indivi du a ls nested within classes nested within tr eatment— . Virtually a l

research of this character has ignored class group ings , p r o d u c i n g  p o o l e d  re-

gress ions  of out -one on aptitude for Individuals under separate ~r ,-I tm ents .

But t h i s  assumes t h a t  o u t c o m e  Is a f u n c t i o n  of in d i v i d u i l  a p t i t u d e  o n l y , w h ilt

class composition on aptitude , class average aptitude , and I n d i v i d u a l t e a c h t - t ~
have n o e f f e c t .  T h e o r et i c a l l y ,  one cou ld  posit two k inds  of a p t i t u d e  e t f e t - t s

in addition to individua l effects: comparative effects , wherein a student ’s

standing on aptitude in a particular class is impor tan t , I f  e . g . ,  the te acher
pays primary attention to those students above average on some aptitude in

that ‘ lass : and class effects , wherein class average aptitude is Important ,
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if , e.g., the teacher adopts a fast pace in a class with a high average on

some aptitude. The pooled individual regressions for treatments combine , and

maqk , both comparative effects and class—level effects. Clearly, a inethodol—

ogy for multi—class studies is required that separates between— and within—

class regressions , so that alternative causal explana tions for ATI in an y given
instance can be examined . Furthermore , it becomes clear that single-class

experiments are unable to distinguish among these alternative sources of ATI,

because between—class effects cannot be detected here. In such studies ,

routine interpretation of All as bearing on individual phenomena is unjustified .

Cronbach and Webb (1975) reanalyzed data from an early study by Anderson

( 1941) th at had seeming ly shown a marked and important ATI . In the Anderson

study , 18 fourth grade clas ses were assigned to drill vs. meaning ful instr~ c—

tion in arithmetic. Using an achievement pretest and a general ability measure

as apti tudes , and an achievement posttest as outcome , Anderson computed re-

gression slopes at the individua l leve l ignoring class membersh ip, and obta ined

ATI . Students high on prior achievement and low on ability (“overach ievers”)

d id be st in d r i l l , wh ile students low on prior achievement and high on ability
(“ under achieve rs”) d id bes t with meaningful instruction . This result would

be important still today, imp ly ing as it does that students high on G and low

on C
1 

sho u ld be given drill instruction , a me thod i n which they had already

display ed progress (drill being prevalent in arithmetic instruction in the

la te 1930 ’s) ,  wh i le studen ts h igh on C
f 

and low on C
c 
should be switched to

the more innovative , m e a n i n g ful instruct ion . The Anderson study is one of the

few large , real school studies bearing on the hypotheses discussed earlier in

the sect ion on the C C C complex.
c f v

The Cronbach—Webb reanalysis (N—434 ) est imated between—class regressions

to test class—level effects , and within—cla ss regressions to examine comparative

effects. This analysis does not separate these and individual effects completely,

but does give us hints as to which effects are likely to be worth further atten-

tion. In brief , the individual All implied by the Anderson analysis vanished .

The class—by—class regressions varied greatly, so that the pooled within—class

within—treatment regression slopes gave only a fraction of the trend reported by

Anderson ’s anal ysis. At the between—class level , the small number of class

means and some s ta t i s t ica l  anomalies of the Anderson sample made a conclusion

fo r or against  ATI u n j u s t i f i e d . The reanalysis thus wipes awa y the Anderson
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study as support for an ATI hypothesis involving C and C
f~ 

More importantl y,

it cues presen t researchers to attend to complexities in ATI research , and i n

all classroom research , not dreamed of only a short time ago .

A contemporary demonstration of this complexity comes from a study by
Greene ( 1976) . She investigated the effect of giving students their own

choice about when, for how long, and in what sequence, they would work on

bookle t lessons in class. Nine four th  and f i f t h  grade c lasses were di vided

randomly into choice and no—choice groups. The no—choice groups worked on

booklets designed to teach the solving of Thurstone letter series problems

under teacher direction and scheduling. The choice studen ts could schedule

themselves. Aptitude s in c luded a pretest on letter series and Lorge—Thorndike

Verbal IQ. Outcome included a posttest on the workbook.and a measure of intercs~
in doing further similar work. Various motivational measures served as both
p re— and posttests. The study spanned four  weeks of class time w i t h  N 165.

Figure 5 shows a representative result. Aptitude here is C combining

Lorge—Thorndike and the letter series pretest .  Outcome is a f ac to r  combining

the letter series posttest and measures refle~-’ing a student ’s confidence about

school work (A ’) .  The regression lines spanning the f igure show the pooled

indiv idu al slopes , for no—choice (solid) and choice (dashed) students. The

regressions identified at the margins are between are between—c lass slopes

fitted to the half—class means for each treatment. The thin lines show within

h a l f — c l a s s  regressions , drawn to + 1 S.D. around the numbered half—class means.

Figur e 5 about her e

Only the pooled individual slopes are based on enough points to be trust-

worthy. Yet the impression of within—class heterogeneity , and of the diver-

gence of between—class and pooled individual slopes is striking. Attending

onl y to individua l data , there is clearly no ATI. The between—class slopes,

however, suggest a major effect. One might say that choice in organizing one ’s

own work should be given to High G groups , while the teacher should do the organ—

izing for  Low C groups. But this may be so here only because both treatments

exist wi thin  each class; the between—group slope for  choice may appear in a

steeper position, and that for no—choice in a shallower position , only because

the social contrast is perceivable by the members of each half—class  group in

the classroom . It seems likely that such a social contrast would work in oppo-

site directions in classes differing on average ability. That is, choice may
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Note: Sample range for C was -2.68 to 2.71
Sample range for  A’  was — 2 . 4 7  to 1.82

Figure 5. Between—class , wi th in—class , and pooled individual regression lines for
two t reatments using C as apt i tude and A ’ as outcome (a f t e r  Greene , 1976).
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be relat ively beneficial to High C students when some of the i r  c l a s sma te s  are

seen to be denied it; no—choice may be benefic ial to Low C students when some

of their classmates are seen to be cut adrift. But the data do not reall y show

this effec.t clearly; the distribution of no—choice means appears restricted on

G ; there seem to be some outliers , and Classes 4 and 8 in the middle ability

range show mean differences running in opposite directions. Besides , to test

the  practical  value of such a result would require a design in which whole  c l a s se s

are assigned to treatment , since it does no educational good to push half the

students up and half down within a class by such an arrangement.

Some of the within—class  slopes are based on a dozen or so points  and are

suggestive of fur ther  effects. Class 6, a low average class, shows AT1 consis—

tent with the between—group slopes; Low C students are even better served than

are High C students by the no—choice treatment within this class. But Class 7

results are ~lnconsis tent with the between—group implications. In t h is h igh

average ability class, apparently, choice is best for everyone, but particular l y

for lower ability students. Many other within—class inconsistencies are notable .

Conclusions about comparative and class effects are not justified in the

Greene study, not in the reanalysis of the Anderson study. This work does argue

strongly, however , for the development of research designs and statistical meth-

odology capable of separ at ing such effects. Cronbach’s (1976) monograph takes

a major s tep  in t h i s  d i r e c t i o n .

O u tl i e r s .  Both the Cronbach—Webb treatment of the Anderson data , and

the Gre ene da ta , show examples of how regression slopes can be p r o f o u n d l y

affected by a few devian t data points. And the threat of outlier dis-

tortions increases as regression slopes are based on fewer cases. This is

an inevitable problem; investi gators will usually be limi ted to a dozen or

so classes per t r e a t m e n t , w i t h  about 25 students per class. It is a

problem as well in all ATI research , whether laboratory or school based.

But what is an out l ie r?  How can one decide that  a par t icu lar  data p oint  is

unna tu ra l ly  deviant? Statistical criteria cannot serve alone . Psychological

research requires  substant ive c r i t e r ia . In any case , present methods are

often specialized and incompletely developed . (See Klitgaard , 1976 , f o r a

useful suninary.)

An example can be used to suggest some directions methodological develop-

ment might take. It also serves to show why studies of long dura t ion  are
required to understand the functioning of aptitude in school learning . 

-
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In an evaluation of a new curriculum for Dutch first—year (18 year ntd)

medical students (Wijnen & Snow , 1975), aptitude—outcome relations were studied

in each of ten four—week instructional blocks over the year. Instruction

in each block proceeded by problem— or case—oriented , student—centered ,
small group discussion——a radical ‘ ‘a r ture  from the teacher—direc t ed  l e c t u re

and recitation to which Dutch , and m ost U.S. secondary students , have long

been accustomed. While the obtained bivariate scatterplots would have been

judged unusual by textbook standards , they were similar to some plots seen

previously by the investigators , so deviant points could not be dismissed as

chance outliers .

Figure 6a shows scores for  the 49 students on a verbal reasoning p re-

test and an achievement test covering the first four—week block of instruction .

The aptitude analysis began with the Verbal Analogies Test because it yielded

the stronges t simple relation to outcome among four ability tests and came

closest of these conceptuall y to the definition of C. The regression line

shown (corresponding to r 0.48) is fitted to all points taken together.

The abnormality among high ability students is marked; it appears as if two

bivar ia te  d i s t ri b u t i o n s , runn ing in con t r a ry  directions , have overlapped to

reduce the overall regression .

Figure 6abc here

An informal analysis was constructed to identify underlying variables

that might account for the results. The approach taken was related to one

proposed by Marks ( 1964 ) ,  and cal l ed by him “off—quadran t analysis” . In
effec t, the criterion adopted to judge outliers was one of predictabilit y;

points whose deviance In an aptitude—outcome scatterplot can be predicted by

psychological variables that make sense in context are not outliers . It was

hoped that the method would be useful in identifying aptitude complexes worthy

of more direct investigation .

The informal analys is worked with rules for fitting ellipses and partition-

ing the scatterplots into area groups , labelled by letter as shown in Figure 6a.

Then, other aptitude information (in the form of personality scales admin-

istered at pretest) was used to identify variables associated with the B
1 

to

B
4 

con tinuum , as well as wi th other area group contrasts.
2 Amon~~otber~ - -

2This procedure was developed by hand , using subjective judgment. A report
on the method and analysis of the present data is in preparation . While
formal statistical procedures are needed to replace this informal method ,
that step awaits the completion of later phases of this multi—year evaluation
study, when replicates of the present scatterplot will be available. The
purpose here is only to show the initial methodological point, no t to draw
conclusions.
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as aptitude and block achievement tests I~ (a), 1

3 
(b) ,  and I~ (c)

as ot1tcome~ (after Wijnen & Snow, 1975).
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f indings , students in B
3 

and B4 described themselves are more independent and

more motivated to achieve that did students of other groups. Together with
A students , they also appeared less altruistic , less in terpersonally orien ted ,
and more task oriented than did students of other groups. B

4 
students also

showed the highest facilitating anxiety and the lowest debilitating anxiety

scores. B
1 
students were the most interpersonally oriented and the least

task orien ted , on average, of all the groups . The resulting hypothesis is

that high ability students who are also highly motivated and oriented toward

independent task activity do poorly in this instructional method , since it

demands a large degree of cooperative interpersonal activity in learning.

Middle ability students who value the interpersonal interaction perhaps more

than the task activity do as well or better than many high abili ty students.

A fur ther step of the analy s i s  procedure was to follow these students

through successive four—week blocks of instruction . Figure 6b and 6c show

example scatterplots for two la ter blocks , in which students are identified

by symbols corresponding to the i r  area groups f rom the f i r s t b lock .  The B
4

st udents appear graduall y to adapt to the instructional situation , emerg ing

at the top of the class by the 20th week (when content is also becoming more dif-

ficult and more biomedical in character). Some B1, B2 , and A students seem to
be f a l l i n g  out of the d i s t r i b u t i o n  across t h i s  same sequence; in e f f e c t , th e~’

are becomin~ o u t l i e r s .  Perhaps the  novel ty  of the in te rpe rsona l  i n s t r u c t i o n a l

situation and their initial success in it is not s u s t a i n i n g .  Thus , the  ap-

titude complex that accounts for performance at an early stage shifts in

la ter stages of instruction ; what at first appeared to be an aptitude for

this kind of instruction may appear later to be an inaptitude , and vice versa.

Al though different measures were used in the Dutch situation than those

of Peterson a~ d Por teus , i t I s not hard to see the B
4 

studen ts as comparable
- -

~ to the High C , High , High A
c 

+ A~ , Low A students discussed earlier.

Instruction was student—centered in the extreme , bu t it was socially—cen tered ,

wh ich apparentl y co n f l i c ted a t f i r s t wi th these studen t’s independen t , task—

oriented sty les of work , until they adapted to i t  or overcame i t .  T h i s

emphasizes again the Importance of detailed analysis of aptitudes and treat—

ments over time . I t  also provides an indirect argument in support of mult i—

variate aptitude description even in educational experiments and evaluations

n ot specif ical l y concerned wi th aptitude .
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Labora tory  Stud ies of A p t i t u d e  Processes.

Before Binet ’s success in predicting school learning with a heterogeneous

general test , Galton , McK . Catr -11 , and others had built measures of specifi

individual differences in sensory, perceptual , and memory skills. Their work

was eclipsed in the ensuing development of mental testing , and the study of

individual differ ences in learning—related processes has been a sporadic and

isolated activity in psychology ever since. Cronbach (1957) and Glaser (1967)

have traced much of this histor y . The Gagn~ (1967) symposIum signaled the

first significant return of labo rator y research to this question . With the

advent of Information pro essin inalvses of cognitive tasks at about the Sam-

t ime (ieisser , 1967), modern cogn itl,e pavi hology has moved increasingl y to the

app l~~~a tio n  of t h i s  view t o  the  s t u d y  ‘f human Intelligence (See, e.g., Resni — .

1975). This begs the more general Issue of understanding individual differen s

in a p t i t u d e  in t e rms  of p s y c h o l o g i c a l  processes .  The need fo r  t h i s  was noted

ear l i e r  in connec t i on  w i t h  b o t h  Tables 1 and 3. The t ime f i n a l l y seem s rip

for the development of a coherent laboratory science of aptitud e .

But this field is too new and far flung for systematic review at the

presen t time . The best that can be done is to organize a list of findings

and Ideas t h a t  seem to p o i n t  in u s e f u l  d i rec t ion s .  The l i s t  Is l i t t l e  b e t t e r

than an annotated bibliograph y; it includes only studies appearing since the

Cagn~ symposium that suggest relations between an aptitude construct rel-

evan t to t h i s  chap te r  and some k i n d  of cogn i t ive  process measure . P r i m a r y

emphasis is on anal yses of G G
f
G . Some AT ! studies conducted in the labora-

tory spirit are also included . Le~t aside for the t ime being are experimental

studies of A , many process analyses of laboratory tasks where aptitude constructs

were not considered , and studies that attempt to train aptitude; these of course

must ultimately be tied Into the network.

An a t t e m p t  has been made to o rde r  c i t a t i o n s  accord ing  to a “l eve l s

of processing ” conception of cognition . from initial stimulus processing

t h r o 4 gh  r e a s o n i n g  and back to  r eca l l  and response . It should be clear that t h i s

o rde r ing  Is c rude  and at times arbitrary. Also to be noticed Is a certain

b id i r e c t l o n a l i t v  in the  r e s e a r c h ;  some invest i gato rs reason from a p t i t u d e s

to processes , some f rom processes to ap t i tudes .  This is as it should be ;

there is no a p r i o r i  reason to consider one kind of measure more “basic ” t h a n

another .
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I n i t i a l  s t i m u l u s  processing.  Trabasso and Bower ( 1968) proposed a model

of t t e n t l o n  in l e a r n i n g ,  i n c l u d i n g  a parameter  fo r  s t i m ul u s  sample size , i . e . ,

the  amoun t of s t i m u l us i n f o r m a t i o n  a subj ec t  takes In a t  a s ing le  g lance . They

regard t h i s  as a fairly consisten t individual difference and suspect that it

rt Litts to such aptitudes as C, field independence (or C ) ,  and A . Thef x
Salomon work on cue attendance mentioned earlier may also fit here .

Boersma and his colleagues (Conklin , Mu ir , and Bo er sma , 1968; Boersma , et
al , 1969) demonstrated that extreme groups on the Hidden Figures Test (C

f
)

differed in eye movement patterns during ;~idden Figures item solution , and also

on picture completion items . High C
f 

subjects attended to parts of pictur -s

having higher Information value than did Low C~ subjects. They also made mere

fixation shift s between simple and complex figures than Low (~ subjects.

Males showed longer fixation times on the complex stimulus figure than did

females , even though the latter took more total time per item.

A scric~ of studies by Hett m (1967) suggested that individu a ls

dif f rin~z on thr perceptua l ability factors diff ered also in he character

their in format ion recepti on pr o c e s ses . Dutch Army recruits were divided

i n t o  p r o f i l e  groups using ti -i r factor scores on Flexi hi 11 ty ot~ Closurt

Sp e d  of  C losure , O p t i c - a l  i l l u s i o n s , and  P e r c e p t u a l Speed .  (The  first two

t these ii. T hu r s t o n e  f a c to r s , h i t  - o - m d  to he s u bd i v i s i o n s  of C i n  t h i s

st u d y ) .  Thin , i n  a Helson—stvle (1964) we ight—judg ing experiment , it w s

s l n w n  t h a t  a d a p i a t i o n  leve l f o r m u l a e  d i f f e r e d  f o r  s u b j e c ts  di f f - r i n g  on per-

cept al factors; subjects high on C l o s u r e  F l e x i h i l i  tv were less affected by

f i n a l  s t i m u l i t l o n  , t h o s e  h i gh on ‘vc- r - o m i n g  i l l u s i o n s  w e r e  l ess  a f f e c t e d  by

c o n t e x t  i l  s t i m u l a t i o n , and t h o s e  ii i gh on C lo su r e  Speed wi re le ss  a f f e c t  e l

t v  r e s i d ua l  s t i m u l a t i o n . O t h e r  exp eriment s pa v e  t h e  o l l o w i n g  r e s u l t s :

siih~ ects hi gh on ( l i - o re F lexibilit y showed f ; s t r r ed tion times , cspt-ci ;i llv

tin ier hig h f o i l  un cert ;iin tv (-ondit ions; se,h~ ,-ct s h i g h on C losu re  Sp eed were

ri- apt t i  f i n d  s hor t  soltit ions to I hins - fi r problems . whi t . subject s low

on t h i s  f I c  t or more c ) l  t en p t -d f o r  l on g  so l i t  i o n s .

Day (1969; l973a), using d ichotic listening tests in which parts of words are

f - i  to different ears , has found that subjects differ striking l y and stably in

whether they are language—bound (fusing the two Inputs to report a word) or

stimulus—hound (reporting the stimu l i without combining them.) The individ-

ual difference distrib ution was actually bimodal. The langu~~ e—bound subjects

appear to be poor judges of temporal order , while stimulus—boun d subjects are
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good at this. And , in memory span tests, language—bound subjects show marked

serial position effect while stimulus—bound subjec~ show no serial position

effect. In general , stimulus—boun d subjects obtain higher memory span scores.

Another Day study (l973b) taught a secret language to subjects and then

measured their ability to translate words into English . Secret languages use

let ter  subst i tut ion or t ransformat ion  rules of the kind found in pig latin.

Language—bound subjects were shown to make f a r  more errors in word translation

than stimulus—bound subjects  and to give more global , whole word translations

as opposed to sequential , sy llable—by— syllable , responses.

These and other data suggest qualitative differences in memory associated

with this individual difference. Day believes that stimulus—bound subjects

translate to visualizations (C ?) while language—bound subjects do not , and

that the former have a faster readout mechanism for transferring stimulus in-

formation from sensory register to short term storage.

This corresponds roughly to correlational studies by Seibert and Snow
(1965; see also Snow & Seibert , 1966), where the erasure or backward—masking

phenomenon in short term visual meu~ ry seemed to influence subjects differently

depending on their perceptual and verba l ability profiles . Perceptual identifi-

cation tests and C measures accounted for ind ividual differences in erasure at
c

different time delay intervals. For subjects high in both kinds of ability, the

masking effect was less marked .

Rothkopf (1972) has s tud ied  Individual  differences in inspection rates

during reading, changes in these rates as a function of inserted questions.

and thei r relation to learn ing outcomes. These rates might also reflect

stimulus sample size , speed of registration,or transfer to short term memory .

In one study , he found that subjects with low performance c-n early segments

of text and who accelerated t h e i r  reading rate dur ing  th i s  period , ben e f i t t e d
from questions tnserted in later segments of text . Reading speed character-

istics , in genera l , may provide a fundamental avenue for research relating

aptitude and learning processes (see also Sticht, 1971). There is other

evidence that inserted questions sometimes help low ability , particularly low

memo ry—abi l i ty  subjects , but can be detr imenta l to Highs. The evidence on

inserted questions in relation to C is quite contradictory , however (see Table 2).
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Sull ivan , et al . (~~Q7~ ) studied phonics training for  chI l d~~ n wh o d i f f e r e d
on a pre test of reading skills. He fe-und the k!nd of ATI that suggests a

h ie ra rch ica l  I r r a n p e m e n t  ~ f d i s r i m i n a t  ion sk i l  is .  T r a i n i n g  on single letters

was best ‘r low pretest students while training on lett er combinations was

best for students with more initi a l skill.

C r i m e r  (1970) distinguished h~ tween “deficit ” poor readers ( t h o s e  unable

to i d e n t i f y  words )  and “d i f f e r e n c e ” poor readers  ( those unab l e  to i n t eg r a te

separa te  meanings  in sentences) , us ing  vocabulary and r e a d i ng  score p r o f i l e s .

He then demonstrated that printing sentences in phrase segments allowed differ—

n e - f or  readers to teach the comprehension levels of good readers. Pre-

sumably segmrnting and clust e ring the sentences into spac€~ meaning f u l  chunks

compensated for the difference—poor readers ’ inability to do so. since these

st udents apparently tend to read word by word . For d e f i c i t — p o o r  readers ,

printing sen tences ~s vertical word lists Increased comprehension , t h i ogh

ttiei r comprehension was still well below that of good readers . Presumably

here , the word lists overcame the d e f i c i t  — p o or rea i i - r n  ‘ tendency t o sk ip

words they were unsu re of by ocus ing  it ten tion on each word in t u r n  - I t

shou ld  he n o t e d  that fragment ing s e n t e n c e s  r an l o m l y  or p r i n t  i n g  t h e m  as

wo rd l i s t s  d i s r u p t e d  good r i o - f i r s ’ p rocess ing .  They d i d  best  w i t h  con —

v e n t ion al  sentences  - l i e-re  may he in e xample of se~~n n t a  t ion , a type  of

rn a th em ag cn  ic e v e -n t  o r i g i n a  l i v  hy p ot  he-s ized by R o tn k o p f (1965) . N ot c .

however , t h a t  d i f f e r e n t  k i n d s  of stimulus segmentation are needed for

students with different abil ity profiles.

Short Term ~kmo.~~~ Este~-s (197-i) advocated detailed experimental analyses

of t h e  task s typ ically found in int e lligence tests , and reviewed past research

on several examp les of this. ii i list ed various sources -f individual differ-

ences on dig it span tasks, such as familiarity with ordinal ntnnbers , group ing

str ateg ies , coding processes , and capacity for selective Inhib ition . On the

dig it—symb ol substitution part of the WAIS , he no ted prior research indicating

the importance of distinctive verba l coding in memory . Vocabulary test per-

formance was hypothesized to depend on the structure of long term mem or y built

throug h verbal experien ce , but also on accessibility and re trieva l strategies,

and on the individual’s notion of what constitutes an acceptable answer. Word

naming tests were likened to free recall processes , suggesting the importaflce-

of organization and category usag e In verbal recall. Process theories of such

tasks could lead to process theories of C , and to improved measures for diag-

nosis and remediatlon.

/49

- -~~~~~~~~--- ~~~-~~~,-~~~

- - -



Other recent studies r e l a t e  to some of these suggestions. Mason , Katz,

and Wicklund (1975) contrasted memory for order and memory for items in a

modified letter span task. Orde r memory appeared to be more highly related to

reading abil ity (C ?) than item memory . And , Jensen and Figueroa (1975) per-

formed several studies relating to the Jensen Level I—Level II ability distinction .

As predic ted , backward d igit span scores were more highly rela ted to WISC—IQ
(G ,Gf, and C) than were fo rward  d igit span scores. Differences in these re-

lations were stronger for black than for white subjects . The interpretation

suggests that backward digit span requires more mental processing steps than does

forward digi t spa n and , henc e, is closer to Level II transformation ability.

Note also its appearanc e with C tests in the Das—Molloy fac tor study (Table 3).
A progra m of studie s by E. Hunt (See, e.g., Hun t , Fros t , & Lunneborg , 1973)

has sought to connect C to various parameters representing speed and sequence
of short— term memory processing. In a visua l matching task , H igh C

~
subjects were found to be faster at name matching , bu t no t at ph ysical
Identity matching , than subjects with lower G scores. Another experiment

used a continuous paired—associates task , suggesting that C
c 

rela ted to

parameters defined as showing probability of entry of an Item Into short term

memor y ,  and negative rate of loss of items from an intermediate memory storage.

In two other studies , High C subjects showed more release from proactive

Inhibition In word recall and shallower slope parameters (I.e., faster memory

search) in a Sternberg memory search task , than did subjects with lower C

scores. Hunt hypothesizes that verbal ability is associated with speed of

codi ng, order—preserving , and sear - h  operations in short—term memory, but his

abil ity measures canno t be satisfactorily interpreted as verbal specifically;

they represent C (See Snow , 1976.).

Chiang and Atkinson (1976 , in press) pursued Hunt ’s find ings on the vis-

ual and memory search tasks. They failed to demonstrate significant overall

correlat ions between SAT s ores (C) and the slope parameters Indicating speed

of search. However , striking relations appeared when the sample of subjects

was separated by sex . Higher ; scores were assoc iated with faster memory

search for males (consistent with Hunt), whil e for females the opposite r~~iatior .

obtained ; here bowever the scatterplot contained some strange outliers.
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Mediation and transformation. Studies by Keislar and Stern (1970) com-

pared single hypothesis vs. multiple hypothesis strategies in concept attainment.

High C children performed be tter using multiple hypotheses but Low C children

d id best with the single hypothesis method .

Cason (1972) has succeeded in develop ing measures of process individ ual

d ifferences in concept attainment for hypothesis generation , hypothesis eval-

ua t ion , and memory for hypotheses. But these have not yet been related to

mental ability measures or shown to be relevant to experimental manipulations .

A l ine of studies by Rohwer has investigated various verbal and pictorial

elaborations in associative learning, and their relation to age, race , and SES

variables. It is though t , for examp le , tha t age effects are due to older sub-

jects using more , or more h ig h l y  developed , men tal elabora tions (s uch as sen tences)

to connect members of the pairs to he learned. Age x treatment interactions

have been shown , as well as marked individual differences in elaborative activity

(R ohw er and Bea n , 1973). In more recent studies (Rohwer , et al.n.d.), bo th

and a specific measure of individua l differences in paired—associate learning

have been s tud ied  in r e l a t io n  to the e l a b o r a t i o n  hypo theses .  I t  was reported

th at elaborative propensity varies reliably as an individua l difference in

adolescen ts , can he prompted by treatments providing different kinds of elabor-

ative instructions~ and seems onl y weakl y related to C .  There was an implicati on

in one experimen t that rep e tition instructions (desi gned to impede elaboration )

were particularl y harmful for subjects with high pretest scores on paired—

associate  l e a r n i n g  p r o f i c i e n cy ;  t h i s  may be ano the r  cas e of the intorlerence

p henomenon no ted  in a p rev ious  s ec t ion  of t h i s  c h a p t e r .

Imagery seems to aid ~ssociitive learning as another form of elaboration .

H e w  imager y hel ps has been the subject of research by Paivio ( 1974) , DiVes ts,
et al., (1971), and many others. Paivio interprets the data as suggesting that

imagery and verbal functions represent a dual processing system . There is evi-

den ce that individuals di i fer in the use and efficiency of the two modes of

mediation . In much of this work , howev er , subjec ts who are High vs. Low in
imager y have been identilied using spat ial ability tests. Image—genera t ion is

probably one of the processe s wrapped up in C .  Kerst and Levin (1973) have

looked at ind ividual difterent es here , showing that imagery and sentence—mediators ,

both exper imenter—given and learner—generated , are equal l y facil itative of reten-

tion , but that learner—generated mediators disp lay markedl y greater individual

differences. Levin (1973) also gave stories in print vs. pictorial form to

r e ad e r s  who had been c l a s s i f i e d  as good readers , d i f f e r e n c e — p o o r  readers (weak
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in comprehension), or deficit—poor readers (weak in both vocabulary and compre-

hension), following a distinction made by Cromer citer earlier . Half of the

print group were also given imagery instructions . Reading with imagery facil i-

tated the comprehension of difference—poor readers , and also of good readers ,

but not of deficit—poor readers. The latter group did best with pictures.

Part of the research on imagery vs. verbal elaborations stemmed from early

findings that pictures were better than words as stimuli in paired—assoc iate

learning . Rohwer and Harris (1975) have gone on to suggest that combinations 1

media (e.g., pictorial augmentation of oral prose) might be particularly bene-

fic ial for members of sonic populations (low SES black children), but not neces-

sarily for other populations. Meanwhile , Levin, et al., (1974) developed a

paired associate learning test to identif y subjects who learned relatively wel l

from p ic tures  vs. words .  It was then shown that learners who were good with

pictures , but poor with words , did significantly better when given picture pairs

instead of word pa i r s .  A second experiment used a prose reading task given ut i l e

regu lar vs. imagery instructions , to compare comprehension of the passage by g e l

pictu re—learners  and poor p i c tu re—lea rners .  While no d i f fe rences  among the gr ip e

occurred under regular reading instructions , the former subjects were helped . at~~

the la tter apparen t ly impeded , by instructions to use imagery .

Coffing (1971) replic ated one early experiment by Rohwer (1967) that had

compared pictures and words , add ing meas uremen t of individual  d i f f e r ences  in e v e -

moveme n ts .  His da ta  “uggested tha t  p ic tu res  f a c i l i t a t e  learning only for  subj e-
who tend to scan pictures rather than words when given a choice . Those who

seem to p r e f e r  to  look a t  the ’ words  sh owed no d i f f e r e n c es i n l ea rn ing  ou tcome

between conditions. Al i.e iii n o te - is a studs’ by H~il 1 ( 197 3)  suggest ing that

eye movement pattern s relate to  the subject ’s use of iconic imagery . During

recall of letters , eye movements tended to scan the spatial positions where the

letters had previously appeared. These studies tie back in with those mentioned

in t1-~ ini lai stimulus pr ess~ ng section . Individual  d i f f e r e n c e s  in eye move-

ments may deserve attention as one important source of clues about processing

activ i t ies  in several stages of l ea rn ing .
Perhap. the simplest examp le of an experiment designed to examine ATI In t h e

laboratory comes from the work of Gavurin (1967). ThIs and a fol low—up stud y by

Frandsen and Holder (1969) suggest that reflects in part skill in mentall y
transforming and thus solving verbal problems. Gavurin gave some subjects anagram

problems under standard conditions and allowed other subjects to work the problems

by moving the  pr in ted  let t ers about on the table top to try out alternative arrange-

ments. A spatial test correlated strongly with problem solving under the

52

-~



nonmanipulation condition and essentially zero when subjects were allowed to

manipulate the letters. Prohibiting manipulation apparently forces reliance

on a kind of inte rnal  processing at which High G
v 

subjects excel.

Frandsen and Holder followed by demonstrating strong correlation between

C and verbal problem solving , us in g sy l log isms , time—rate—distance and de-

duc tion problems , even when C was par tialled out. They then showed that

t r a in ing  in use of diagramma tic techni ques l ike Venn diagrams and time lines
bro ugh t the problem solv in g per f ormance of Low C

v 
subjec ts up to tha t of Hi gh

C subjects.
V

Shephard and his coworkers (see, e .g. , Sh epard an d Feng 1972) h ave anal yz ed -

the processes invo l ved in many tasks comparable to those used to m ea s n r e C .

Their work has not been concerned with indivflual diffe rences, but impli e s

that C represents differences in the construction and transformation of mental
V

analogs , and speed therein. While Shepard ’s work thus seems to a rgue  aga i n s t

a se quential feature comparison account of C , French (1965) has shown that

subjects divide between these two strategies on the basis of self—report , at

least on some spatial tasks. As noted earlier then , the hypothesis is that

some subjects solve spatial rotation problems by visual analog transformations

(C ); others solve them by a process of logical—sequential matching of stimulus

f ea tu res (G
~ 

or C).

Contrasts between C and C , or between imagery and verbal processing

sys tems , prompt hypotheses that relate these distinctions to cerebra l hemis-

pheric structure . The Das conjectures about simultaneous vs. successive

processing, or the Pask—Scott distinction between holist and serialist processing.

both noted earlier , are similarl y suggestive . Evidence to date suggests that

the left cerebral hemisphere concerns verbal—analytic processing, while spatial

image processing may be more of a right hemisphere function . A review of re-

search on cerebra l hemispher ic assvmetry by Lohman (1976) shows reliable

Ind ividua l differences in latera lization of language processes , w it h average

differences most notable between sinistrals and dextrals , males and females.

and children and adLits . It remains to be seen how far neurophysiological

measures “~ n be pushed to hel p c lar i fy psycholog ical process conceptions of

such Ind ividual differences.
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Reasoning and problem-solving. In a rare , early analysis , Simon and
Kotovsky (1963; see also Kotovsky and Simon , 1973) produced a computer simu-
lation of performance on the Thurstone Letter Series Test. Their model

distinguished two processes , pattern analysis and sequence generation , but

dealt with individual differences only indirectly , in a few variants on the

basic model. These deserve research attention , however. Other investigators

have begun similarly detailed analyses of other tests usually considered

fundamen tal to the definition of C (or C
f
).

Whitely (1976) studied a large pool of verbal analogy test items, dividing

them by a cluster analysis procedure into eight types of relational concepts.

She then administered these , along with a measure of eduction of multiple re-

lationships for noun pairs  and six other ability tests , to college students.

P redict ing abi l i ty  test scores from mul t ip le  regression equations made up of

analogy item types suggested that different categories of analogy items tap

different abilities. The eduction of relationships measure also showed this

pattern. ~ut relations between measures were generally low and the correlational

analysis was incomplete .

R. Sternberg (1975) has conducted the most comprehensive review and analysis

of a mental  test  pe r fo rmance  yet  repor ted .  His empirical work dealt with an-

alogies, but the report includes a valuable review of differential and information

processing theory and research relevant to a theory of C (or G
f). Sternberg also

developed his own “compone nt ial ” theory of analogical reasoning, wi th a de tailed

task analysis to identif y specific components of this form of reasoning, their

combina t ion  rules , and forms of processing.  Al l  t h i s  mater ia l  canno t be synop-

s ize here . W h i l e  port ions are discussed by Snow (1976) in relation to other

theoret ical  and methodological  issues the reader is urged to examine the orig inal

report in detail.

In brief , Sternberg ’s analysis produces separate reaction time measures for

six components: encoding,  in fe rence , mapping,  applicat ion , j u s t i f ication , and

preparation—response . Various alternative models can be used to combine these.

A series of three experiments presented pictorial , verbal , and geometric analogies

to extreme groups on C f and pe rc eptual  speed , a long wi th other C and analogy

reference tests. Results suggested that : all subjects use all components except

justification , which  is included by some subjects but not others ; individual
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d ifferences arise from differing component times , not from different coin—

bination rules or models; C
f 

sometimes correlates positively with encoding
1’ time, sugge st ing a s tra tegy difference whereby more time taken by Highs in

encoding makes later component operation more efficient; G
f 
correlates negatively

with time for each later component, but only under specified conditions , as
e.g., when inference and mapping involve discovery of relevant attributes

r a t h e r  than j u s t  thei r  tes t ing ; perceptual speed sometimes correlates negatively

wi th  encoding t ime , but th i s  reference ability is generally not associated with

components of the theory .

A few other studies can be inserted here for future reference . Jacobs

and Vandeventer (l97la; 1971b) , Cuinaugh (1969), and Turner (1975) have all

conducted training experiments on Raven Progressive Matrices (G
f
) .  These

shou ld hel p guide process analyses of this task of the sort that Sternberg

appl ied to analog ies.

Stra teg ies and structure. Research by Dunham and Bunderson (1969)

connects to some extent with ~ie Creeno—Mayer work reviewed earlier. It

also introduces research distinguishing G from memory abilities and raises

the large issue of compensatory plans or strategies for using one’s

abilit ies. One of their investi gations showed that a principle—structured

treatment depended particularly on reasoning ability (G
f

?)~ whil e a general

orientation or relative ly unstructured treatment depended on memory ability ,

using simple concept—attainmen t tasks. The implication is that what ability

determines success depends on the way one stores incoming information . If

one must remember isolated bits of information , memory abil ity is the necessary

condition for learning. If one can sort the relevant information by app lying

some rational structure or principle then only this information needs to be

remembered. Memory load is reduced but now the ability to reason is the

necessary condi tion . Each treatment serves a compensatory function ; each

all ows the learner to substitute an ability he has for one he lacks.

Dunham (1969) repor ted a similar finding comparing a condition where

pairs of stimuli presented together ~vere always instances of the same con-

cept , w ith a condition where pairs were instances of different concepts.

Reasoning ability correlated with performance in the “same” condition while
memory ability correlated ~...ith performance in the “different” condi tion .

Merrill (1974) added the f inding that a negative relation of C
f 

to test

item response la tency , found in an examples—only condit ion , was reduced under

conditions where objectives and/or rules were provided. The task was brief —

CAT instruction about an imaginary science.
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Labouvie , et al (1973) used an i m m e d i a te  reca l l  vs. de layed re~ i l l

with picture stimuli. A series of 10 pictures were shown on each tr i~il , w i t h  a

l e t t e r  ca n c e l l a t i o n  task performed in the delay in terval .  Subjects  w e r~

college students. Memory ability measures correlated with recall perform m

primaril y on early blocks of trials in the iimnediate recall condition . C

measures correlated with performance mainl y on late trial blocks in th~ dcla ,

condition . In a later series of experiments , Labouvie—Vief , et al (1975) tri ed

to replica te this finding. One s tudy gave a similar recall task under thr ’ e

conditions: standard t ree recall. chunking instructions , rote rehear~ ii in-

struction s. Here subjects were from Grades 7 and 12. C correlated w th recall

performance on all trials in all conditions at both age levels . Men :ty mea~ t~re

correlated with nothing. Another study used subjects from Grades 3 and  10 .

using a recall  task and delay vs. no delay condit ions l ike that  in the  f i r ; t

study . Raven (C
1

) and d igit span were the only ability measures (whereo

earlier work had included multi pl e measures and factor scores for the apt i t - i  e

constructs), Results here showed scattered significant eorrelations of

recall wi th C
f 
bu t none with memory span . Finally, a year later the t~ ir d

graders above performed a paired associate task. This was given under co n di~~i ois

designed to promote speeded rote memory vs. an imagery strategy in lt i rni r~

the pairs. C
f 

correlated significantl y with performance in the c o n d i t i o ~
prompting use of an imagery strategy and zero in the speeded rote cOn I t  L U l l

Digit span gave moderate nonsignific ant correlations in all conditi on .

Thus , C or C
f 
seems relevan t to recall performance under varioti-

condi tions at various ages , perhaps especiall y when subjects can ( i l s’s~

r are prompted to use some organizing strategy . Memory ability s h w ~-d en’

consistent relevance .

There have also been studies of Individua l differences in suhji~~’ ive

strategies in word reca ll. Frt ’deriksen (1969) found that perforn in - 
- .

recall was positively related t o  C and memory span , and negat ively r e l i t e ~
to the learner ’s self—reported tendency to m odif y strategies during l& rni n~~.

~Jhen subjects had to anticipate words In ‘lusters , those high in fluenc ’v

and low in semantic flexibility and using a s tr ~~tegv of active sequenti al or—

ga niza t ion, did  bes t .  In a s e r i i l  a n t l  i p a t t - n c o n d i t i o n  , on l y  use t a

mnemonic s t r a t e g y  was related to success.

Cohen (1973) gave paired associates to college students who repor ted Ito

- rganizing strategies they used for each item ,after studying and recalling

several l i s ts .  Th ey were then assigned to con d i t i ons , designed l c ~ promote

repetitive (rote), forma l (u sing common letter patterns) , or experimental
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(using familiar ideas) organizing strategies. A control group was told to use

any preferred procedure . It was found that subjects who naturally used more

high level strategies (forma l or experimental) showed higher recall performance

than did subjects preferring repetitive or unconscious strategies. The latter ’s

performance improved unde r instructions to use high leve l strategies. Ability

measures were not included however.

Scattered other studies have investigated individua l differences in

subjec tive organization in recall , bu t have not been concerned with aptitude

constructs. They are difficult to interp ret in the context of this chapter.

And , Sternherg and Tulving (in press) have shown that different measures of

suh !ective organization in free recall have different psychometric properties ,

correlate differently with recall , and that these differences account for

d isparity among the results of a range of experiments.

Response integration and retention. There is little to go on regarding

process individua l differences in response integration , outside of psychomotor

research (For this , see Fle ishman , 1975.). But Sternberg hypo the si zed a few
addi tional components in his preparation—response category to account for an

unexpected result in his analogy experiments. The component score for prepar—

atlon—respon se was highly correlated with Cf. suggesting that preparation and

response need to be s e p a r a t e d .  Then , such a c o r r e l a t i o n  m i g h t  be found to arise

from individua l differ ene os in planning at the start of solution , “bookkeeping”

during solution , or a decis ion process occuring near the end of solution . In-

d ividua l differences in motivation or attention throughout solution were also

noted as possible explanations. One can imagine all these processes involved

in more genera l learning and problem solving, but it seems that “response in—

te grati (n ” still would deserve more detailed analysis.

Reo ent :,tudies suggesting process conceptions of individual differences in

long—term retention have not been found. There! are a few implications to be

noted in t h e (at~ne~ (1967) symposium , and in Cronbach and Snow . And some recen t

work on short—term re tention suggests that learners who differ in their rates

(It initi a l learning nonetheless forget at the same rate (Shuell and Giglio ,

1973) . I f  t h e r e  are i n d i v i d u a l  d i f f e r e n c e s  in long t e rm r e t e n t i o n , they  should

r e l a t e  to C , s ince  knowledge a c c u m u l a t i o n  and use over long in te rva ls  is

par t  of t he  d e f i n i t i o n  of t h a t  c o n s tr u c t .
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Prospect (0-

1n s t r iu ti ~~n , 1 st iJI s of All , methodolog ical improvements for such

s tudies , and ; r ’ c c s s  a n a l y s e s  of aptitude,constitute a three—fold path toward

t he  i n t e g r a t i o n  1 e xp e r i r r ~ n t u 1  and d i f f e re a t i a l  psychology in educational

research  and , Iue ’petu llv , t~~~~rd improve d t heo ry  and p rac t i ce  to explain and

use ap t it ~~ce t - r  i n s t r u c t i o n . The f i r s t  aspect of th i s  pa th  attacks ATI

phenomena in sch , o l  l e a r n i n g  d i r e c t l y ,  the second develops the means to

understand All data t this leve l , and the third seeks to transmit  to such

research improved  p rocess  mode ls and measure s of ap t i tude . Continuing work

relevant to each as~ cc t  w i l l  l i ke l y deserve i ts own , more intensive review

in the comin~ years. A detailed summa ry of this chapter here thus seems

unnecessary is well as impossible.

In the past, individual investi gators have usually concentrated on school

studies , or on l a b o r i t o r y  work , or on methodology , as their  ap t i tudes  have

move d them . The t h r e e — f o l d  pa th  concept ion of this  chapter  is mean t to suggest

tha t  all th ree  a s p e ct s  need to he addressed in the f u t u r e , in coordinated re-

search programs On common ATI  phenomena.

Educa t iona l  r e s e a r ch e r s  in terested in this problem can f ind many d i f f e r e n t

hypotheses  on w h i c h  to  f o c u s  t h e i r  w o r k .  This chapter  has suggested that the

A A A and C C ( a p t i t u d e  comp lexe s , and t h e i r  in ter connec tions , deserve par—i c x  c f v
t i c u l a r  a t t e n i t i u i .  E d u c i t i o r i . i l  re!searchers not interested in this problem can

ignore i t .  Rut individua l ditferences in aptitude for learning will not go

away .
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