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author were administered to all students.

One of the film tests was.

designed to produce an

erasure

or backward masking effect in short

term visual memory.

Faetor scores were computed separately for ability

tests and the short term visual memery test.

These factor scores and

other raw variables wefe then. correlated with the slope; intercept and
digit span parameter rom the Chiamg and Atkinson study. +Multiple . O
regression methods were also .employed to regress ability variables on
parameters and parameters Gn\egé}lty measures.. In general, the cor-
relations between parameters and ability variables werg low, and the
regression of ﬁarameters on ability variables yielded iarger R's than
the regressions of abilities on the parametérs. The short term visual
memory film test did not correlate more supstantially with the process-
" ing parameters than it did with the abll}ty factors. he data did
provide further support for some of the implications derlved from pre-
‘vious studies of ability-process parameter relat10ns.~‘The overall .
pattern of- correlation was interpreted in terms of an information pro-
cessing model in which general ability is viewed as the executive function
! that selects, creates and implements programs that process and store - -in-

formation. The results 6f this study are discussed in terms of their
implications for future research in this area. ./
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y The previous reports in this series reviewed the present staté of

research an aptitude -for instructional learning, and the. néed for combined
experimental and correlational analyses aimed at process theories of apti-
tude (Snow, 1976a, - 1976b) An outline for a laboratory science df aptitude

" was 'sketcheds It was suggested that one’

line w1thin this general approach
would be to examine interrelations between mental tests representing the ga-
jor distinctions in factor th&ories.of ability organization and .parameters
ref{ecting features of cognitive information processing models: The present
report describes‘a first exploratory study toward.tbis.éhd. . ‘

' Egrly swudies’ by Hupt and his associates (Hunt, Frost, & Lunneborg,
o ;? '1973; Lunneborg, 19755 Hunt & Lansman, 1975) have begun to spell out some
relationships of the sort needed to connect 1ndividua1 differences in tested
"aptitudes to measuﬁes of procdessing in short term memory. This 1n1t1al re-
search has re11ed on a rather restricted conception @f human aptltudes and
o the appropriate methods of studying 'them correlationally (Snow, 1976b)
Nonetheless, one important hypothesis that has taken shape throygh Hnnt s
* work reggtes verbal ability to speed af processing in shgrt-tesm memor&.l e
. Among other findings, it was shown that eollege'students in a high scoring
. verbal ability group displayed faster memory searcl: (i.es, lower slope .scores)
in the Sterrberg (1969),task betber maintenance. of temporal order info
tion (i.e., more release from proactive inhibition when data are scor%d for
; :‘ order). and faster access to name information in the (Posner et a}{ 1969)
ey name natrh/phy31cal match task than did students in a lower coring verbal
qbilify group. °In the analysish it was not possible. to dislinguish verbai_
. “ahlllty from a more general ability construct in’ th1s hypothesis \'
Chiang and Atkinson (1976) pursued tHe Hunt findings by administerlng
i memory search, visual search, and memory span tasks}to college students for .
dhdm verbal and quantitative -ability scores were ayailabl. The present
v i sttdy administered an additional battery of abiiity tests to the samg stu—
’ 4 dents used by Chiang and Atkinson so that this and related’ hypothéses COuld
be exploted further. Sper1f1ca11y, the purposes of .the present 1nvestigation

.

were the following: ' ) .

/
»




Examine the" Chiang-Atkinson tasks in relation‘to tests repre-
senting fluid- analytlc, spatial, and visual perceptual ;Hd
memory abilities, as well- as verbal and quantltatlve abilltles
_Replicate earlier findings by. Seibert and Snow (1965) on 1nd1-

+ vidual differences in v1sual backward masklng and their relatlon

to visual perceptyal and verbal abilities.

& - ., —
Explore distributions and cortelational patternskamong all these,
- .. yd

test and task variables, and betyeen them and indioés of'sex'and
cerebral laterality, in a sample'of Stanford'University‘under-
graduates It was hdped that certain ab111ty factors of 1nterest
in the prOJect s furthex work would be discernable, even w1th a
small 1n1t1al s mple. Jt was also planned to test some alternative
conceptlons of how task parémeters ‘and mental tests mlght com-

bine as predictors of bne another. The daqa would in addition

serve a pilot function in deciding whether Stanford students’

‘would be appropriate as subjects in the furth¢‘ research.

L]
’

Background . T \

\

- To ﬂﬁﬂerstand the present‘flnalngs, 1t)1s necessary thgx we repoxt
* .in some deta1l the procedure and results of beth- the Ch1ang Athnson in-
vestigation and the ear11er Seibert-Snow study on v1sual mask1ng In both

cases we have pursued fupther analys1s of the data to advance our own

thinking. fhese analyses were used as methodological exrmples in the

prev1ous discussion by Snow (1976b) . C -

The Ch1ang-Atk1nson Study. Chtfang and Atkinson (d976) USEd

ya .

y

33-Stanford Un1vers1ty students and one hlgh whool student as subject’ \
Half the sample were males, half females SubJects performed the Sternberg
(1966 1969)'Memory Search Task the Visual Search Task (Neisser, 1964'
«Atk1nson Holmgfen ‘& Juola,-l969), and a digit span task of standard deslgn.
The experiment was co;éaslled by an IMLAC PDS-1 meputer All tr1als ‘were

dlsplayed on a CRT tn ,subJects typed their' respomses on a keyboard
S . In the memory searEh task, .a memory sef of from one.to- flvafconsonanté
was presented sequentlally,‘followed by a probe letner -The subJect)s task

was to 1nd1cate whether or'not the probe was conta1ned in the memory set.




e

* . . - / b,
Each character in the memo?y set appeared ip the same centered pos1t10n on
the CR! for 800 msec,with-a 200 psec.break between characters. The probe
letter appeared two secondsafter the ~last memory set character - ‘Since per-
formance on !hls task is virtually error-free~ the dependent Yarlable was

redction time {RT). Each trial was £ither positive (probe contained 1n

© memory set) or negative (probe not gontalned in memory set). Memory set
size varied from o;e to five, y1eld1ng ten d1fferent item tySés During the
four one~-hour experimental sess1ons, each‘subgect r%celved 30 trials of each
type, or 300 trials in all The task produced two scores for each subJeet,

a slope representlng increase in RT as a function of 1ncreas1ng memory set

, size, and an 1ntercept repfesentlng RT at zero set size. The model typically

adopted for thig task interpréts the slope parameter as a measure of the
t1me required for a s1ng1e comparison if memory, and the intercept parameter
~.as thf sum of times requ1red fod stimulus encodlng, blnai‘ decision, and

response productlon (Sterqberg, 1969) . .

In the visdll s@arch task, a target letter wal presented for 800

‘msec. followed 200 msec, later by a linear display of from one to five con-
* sonants, The subject's task 'was to 1ndicate whether or not the target
]etter was contalned in the display set. Both positive and negative trials
at each display set s1ze were g1ven. Each subJect rece1ved a total: of
/660 trials over the four experimental’ sess1ons Again, the dependent
variable was RT, with two scores computed for each subject; v
\ slope across 1ncreas1ng display set size and an intercept at zero set size.
* The model for this taif assumes that the slope parameter d1splays time

required for stimulus' encoding plus a single comparlson, and’the inter-
cept parameter repreants t fme for binary, decision and response production.

. In the digit span task, a memory set of four to ‘twelve randomly ge?L
erated digits was presented sequentially. The subJect s task was to re\
call the digits in the order of their presentation. Each digit appeared
for 800 msec in the center position®f the CRT, with a 200 msec.wait be- »

tween digits. ‘Each series of five trlaIs progressed from four to twelve

“
-

digits~by increments oﬁ two. The pependemt variable was- the average- num-
ber of digits recalled i correct order. This score entered the'analysrs

directly. 1In all, each subject received 150 digit span trials. - -

-~ ‘ +

“
- - .
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The findings of principal 1ntereSt.here concerned 30 subJects (15 males,
15 females) for whom\Scholastic Apt1tude Test Verbal (SA&—V) and Quantitat1ve
(SAT-Q) scores had béey obtained from univers1ty f11es Ch1ang and Atk1nson
flrst intercorrelated ll'measures in' this sample These data shbwed - h1gh
1ntercorrelat1ons apong ‘the #10pe parameters vand also among the 1ntercept

parameters of the two search tasks ’ .. \
13

1}
correct these 1ntercorre1at1ons for attenuat1on and thus to ',

L Us1ng 7el1abil1ty estimates prov1ded by Ch1ang and Atk1nson. 1ﬁ was ’ ‘

poss1b1e to
examine the adequacy of the processing models underlying each task. :While
the cortelations gave evidence sup;ort1ng the construct va11d1ty,of the two .
parameter measd}es, it was shown that the models required some revision to
bring them in line with the correlatdonal data. Contrary to previous theory,
variance due to individual differences in stimulus encoding seemed to be
present in the intercept’ parameters for both the hedory search and the visu{l
search tasks (Snow, l976b).y/ . ; ’

Ch1ang and Atk1ﬁson found no significant correlation between the parameters
and scores on SAT-V.or SAT-Q. This appeared to contradict Hunt iFf1nd1ng
When data for likewparameter® were combined and analyzed separately by sex,..

however, ,relations consistent w{th Hunt's hypothesis were found for males

but not for femalesz Among males. the combined slope measure correlated nega-

. t1Velv with both SAT-V ( 0.36) and SAT-Q (-0.44), 1nd1cat1ng that higher

abilitv subjects shonfd shaLlower‘slopes (i.e., relatively short RT on f;rger
memory sets) compared with lower ability- subjects. For females. the corfespon-

ding'correlations were +0.72. and +0.33! The memory span measure Hdisplayed' the.
"’

s [N ’
opposite interaction with sex: . higher memory span scores were associated with
. .

*
steeper slopes in males, and with shallower slopes in females. Given the *

. 1] . .
small sample and the fact that the, sex differences, had beep unanticipated, \;>’

Chigng and Atkinson drew no solid conclusions. ‘Alsp! because both the verbal
and the quantitatiye ability score were implicated, idterbretat}on would have
tr be based on a more general abi]ity.construct such- as crystallized ability .
(G*), not verbal abiligy %Ylone. Both the ability and'the sex implication

needs ;to be checked further.

The Seibert-Snow Study T
An earliper project of one of the present authors in!gstigated the use

-

E 1 — ) ‘ . (] r . ’
of motionjﬁicture tests to obtain measures of cognitive abilities not measur-

. ‘ = -
ah}e via printed media. The results of these studies were given in a series

of unpubl1shed\2eports (Seibert & Snow, 1965; Snow and Seibert, 1966; Seibert,
~
Reid, & SndWx\l967). S . S

.
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One aspect of that research vas of particular 1mportance in the -
preSent program. A series of m051on ﬁlcture tes}s hdd been constructed
to approximate the laboratory conditions used by Averbach and Corlell
(1961) to demonstrate an "erasure" or backward\mask1ng effect id the vis-
- ual system The films, called Short Term Visual Memory (STVM) I, II, and °
- I11 were composed of 1tems each of which presented a randomly constrdcted
) elght letter array, W1th some form of éarker appearlng on the screen- at‘a
variable detay interval before or after the array to mark one Jf t et-
ters. In, each item the array appeared on the screen for 31 msecy the 4
marker appeareq eitheryg52 msec. before the array, or 10 94 177, 260, 344,
4?8: or jk&.msec.af?er the array had left the screea. The subject's task

in each item was to record the designated letter dn an answer sheet. Each

¢ of :?‘t letter pos1t1ons was randomly baired with each of the eight delay

1nte vals, produc1ng 64 items®or each of the three tests and a poss1b1e
score of 0 te '8 at each delay 1nterval for each test. STViEI used a bar
marker appear{ng adJacent to the 1etter it marked STVM'1II used a c1rcle
‘ ‘marker around'the 1etter‘position it marked, and §TVM III used a bar marker
appearing simultaneously witn the letter array anfd a circle *marker around
+ the marked position at one.bf the delay)intervals. "It was this_third, test
that was planned to yield the characteristic curve that has since come to

iJ( be designated’ a Type B curve for meta-contrast in more récent 11terature
' - (Kahneman, 1968; Turvey, 1973) \
[ N
v e . \— .

The pr1nc1pal finding. was desc/;bed by Snow (1976b) Briefly,

."

average perfor.ance showed the expected curve, with a pronounced masking

. effect in the vicinity of the 94 gsec. delay interval. But individual dif=
ferences were large at each of the delay “intervals. An #bility factor largely
based on other film tests‘and called»"perceptual integration” correlated sig-

! n1f1cant1y with STVM III performance at delays less than 94-+msec. . ‘while a
verbal farillty factor accounted for more individual difference variance.
at later delay interva’ The results were interpreted, a$ supporting a
two stage conception of  initial 1nformation processifg, with different e
abilities associated with each stage. ;

. . ] ) . / »
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Procedure t § - .

s~

Subjects. Gdthe ’4 subJeth who partlolpateq in the Ch1ang-Atk1nson. ' &

experimeht 25 (11 pé/es, 14 females) also part;c1pated in the present experi«”
‘ment as paid’ voldgteers :Of the 9 sub}e3$s who did not participate ‘in both

studies, 4 had either graduated or were erseas, 3 could not be contacted, oY
. \ .

and 2 uere unwilling'to participate. ' : . ' o . - - L
. f

Reference test batterz Ten printed tests and f1ve moth&,plctune tests

Jwere adm1n1stered to all subjects. .Five pr1nte1 tests came from thé ETS Ki-t
(French Ekstrom, & Prlce, 1963). These were: Ident1ca1 P1ctures, Hidden ‘e
,Figuras, Card Rotations, Paper Folding, and Surface Development.‘ Other )
prl'inted tests*were: Group Embedded Figures Test (OItman, Rosk:“l, ‘& Witkin,
1969), an adaptatlon of Matching Familiar Figures GZE}qzker, Jeffrey, Ault,
& Parsons, 1972) ,- Ravens ‘Progressive Matrices (Series E; ‘Raven, 1938), ‘Cam-

ouf laged Words (qulford, 1967), and Word Tra?sformatlons (Cullford, 1967)\

The film'tests‘orjginated in earlier résearch of the senfor author,

as,preVioule noted. The Short Term Visual Memoryétests vere descriged -
above. STWM I was. used here’primarily as practfce. Only the first 16 items ’
%ere a&ministered. STVM I was not used. STVM-III, which is intended to - v

provide tha_masking curve was administered in its entirety: In addition,

‘the followihg three film tests were included. ‘ . ’ "

Film Memory III‘is a short silent film'showing t:o ;;Bng adults interact-
ing on a cjty street. Subjects viewhthe film with instrugtions to "pay
atttntion!to what haopens in the film. You will be asked questions about
it 1ater;" They are then .given a page of true-false questions about events

in“the film and their spatial and teémporal relationships, and are teld that - °

the questions follew the time sequence 1n~tge film and must be answered in ‘ \\\\
that order , L. ) . © . . \\v

«In Sezyentlal Words, each Itegggg%éents a.six letter adjective, one ) \\\\\
letter aftér another. \Letters appear in a f1xation box at the center of N
tng screen The letters of each word are thus temporally spaced, but .
not spat1a11y separated. Each'ietter appears on the‘screeﬁ'for 3f msec. . =

. . \ LN »

sef)arated by 62 mseo of blank_scrgen. . - . i !

-
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} o In Successive PerceptionIII, each itgm presents a still photograph-

\

i “of some common’ obJect which the. subJect must identify by writing its name.
|

R . On’ any givqn frame, portions of\ghe picture are obscured by one of a '
Series ofpeight overlay mats Each mat represents a 16 x 16 grid fromﬂ_\\
which 32 cells have beqp identified randomly and removed.. With a mat ST

. change every 42 mSec’“the subject never .sees the complete photograph at,

-~ . - one p01nt in time, but, over one sedond (three complete.mat change cycles),
. ; \ all details ‘'of the photo appear three.times. E . . }ﬂ

. ' ) Handedness was assessed by a questionnaife distributed at'tpe begin-

ning of the. group sess10n. Eyedness *was determined by'asking subjects 'to

. ‘ hold a penCil about 20 ﬁnches in front of their faces and .then to align

it with"a -wvertical 11ne drawn on the blackboard at the front of }he

. auditorium. SubJects were instructed to d‘ose one éye and -then the Other
' ) " and reqord under which condition thé/;encil appeared to be§;ore signlg’—

v

cantly out of alignment.

~ Another questionnaire asked fBr self- report of corré&cted v1s10n and’
whether glasses or contact lenses were worn. Subjects wereiflso asked to
- rate their’ effort in- the previous Chiang-Atkinson expepiment and general
‘ performance expectations for tests they were about to take in the Present
. experiment. At the close of the'group session, subjects again.rated their
-effort and ﬁerformance on the tests. The motivationalﬁdata are not exam-

. . : !
..

‘ined in this report, howgver

e, -

, . ; Testing sessions. Eacd‘suhgect participgted in a three-hour group

session and a one-hour individual\session" 1n all, four group sessions
S

) were conducted to accommodate subJects schedules. Ravens Progress1ve

Matrices, Matching Familiat Figures,\Surface Development and Camonflaged

Words were administered during the indiVidual session. All other fests

were given during the group sessiqn. #sStandard instructions were used with

’ all tests. . . ( .
. (The group sessions wé/e held in a large group instruction room with
v -
fixed sedting ‘and ¢ a graded floor. SubJects‘wenl'ass1gned randomly to every

I ) other' .seat mear the center ef the room in thg fourth, fifth and sixgh rows-.
Max4imum viewing angle was four seats from the centerline. Viewing angle and

viewing distance,were taken as individual difference measurés for each, sub-

. R * . Ps . -
: + T ject. . . '
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. The data analys1s almgd'fnnptxatxkfﬂxdblng the pattern of rélathnshlps

among. the tests agminlstered by!thls project:and then at thelr relation to.

. measures avallable*frqm the.Chn g Atk\nson work 'Multlple regr5331on and . ;'
factor analxg)c technxquhs:@ere Msed i addition tQ simple correlatlons for "

these pu\poses It was recognlzed of course that analyses of -thdis "’ sort on a

s .
sample of 25 subJeets~would ot prov1de stable estimates of populatlon values_

} XS S
K\béd however,

that the data would

and could not sustain conclus1ons.« It was e
display some of the expected patteras, and might proylde new clues.

Procéssed

)

data and basic scattexplocs can serve as checks on one anocher, even in small

samples. -The bas1c plots weuld in add1t10n show some of the d1str1but10nal -

=

character1st1cs to be expected in further Stanford samples. N

.

Analysis of the referau%ktest battery. Table 1 shows order of‘admfniSa.

L .
tration and descriptive statiQt' Table 2 progldes the matrlx of 1ntercor— L

’ » [

‘relatlons for the reference tests, and Table 3 glves the results of a facton

analysis of thi§"matr1x The analysis used .a pr1nc1pal cogponents solutlon, I3
4

. R - . .
selectingsfaators with eigenvalues greater than 1.00, followed hy varimax tota-

tiog. ' Part scores for ‘the STVM III delay intervals were not'anc;uded here. .
Tables 1, 2, & 3 about here : . ° ’\
A, ! . ) LR
o g Sl s R
The tests were chosen primdrily to represent the nonverbal .side of a gen-

eral h1erarch1cal model ef abit{t

of general mental ab111ty, at the

drganization

“That model posits ‘the division

op of the h1erarchy, into crystallized- verbal

ability (G ),

flu1d analytic abllity (G ) and v1suallzat10n abillty (G ).

One*

‘or another of these constructs accounts for many of ‘the aptltude 1nstruct10nal

treatment ihteractions foupd % previous llteraturer(Snﬁw, 1976a). LoWer'ln

the hierarchy the more specialized abilities appear, such.as memory span, per—

-

-~
ceptual speed, visual memory, and the:llke. These deserve attentlon here,

- i

along w1;h the more general factﬂfs, because they skert relat1Vely close to the

klnds of tasks often, used in research Qn ccgqitlve processes. Accordlngly, Ehe

test battery was compoSed of four tests requiring some form, of d1sembedd1ng .
analy§1s of figumal or verbal st1mu11}ln add1t10n to the Raven abstract reason—

ing task (G ), three spat1al tests (G ), two perceptual speed- tests, the Chiarrg-

Atkinson’ d1g1t span measure, and motlon plcture testd thought tor represent

several other aspects-of,short-term V1sual processlng\and memory. -

.
-

' . . e
oy . RS




A N

-

. SAblé 1 ..
. Tes?s, Order of, Administritiod, =~ . - - L

‘. . ngns, Standard Deviations (SD), and Reliabilities.(N—ZS) ..

. Tesi' ,/:;‘ '_ ‘d " Order , Mean, “ ,SD’. ".Reliabiyity*
Raven Metrices; Series A-E 12 . 56.04' (, "3.81 - L7ea
(Embedded Figures . 7 1640 .+ . 2.08 68
Hidden Figufes T s 15,56 | 6.40  t.-.82 -
Surface Developnent ‘ ‘ 14 - 49.12 o, '11.42 .90
Card Rogat ion \ £2 170.32/ 2 v 8g
vPeper Folding- T o ‘ 8 - 14.5‘ :8§“ ’
Match. .Famil. Figé., grrors / j 13 4.88 # 7 3.66 'R :79b _ﬁi/'
Identical Pictures - 1. "87.%0 8157 78 ‘

.paeouflaged Words * 157 10.60 - 3:85 . (41 &
Word Trane?érhations . - . "11 16.16 o -%.17 . ., ,80b
Seqeential Words . . "~\1o' ' . 19.56 ﬁ .t ,ﬁ.gh ‘.59
Successive Perception III ‘6 ‘0.00l' 7T 68 e

| Film Memory IIT e 9‘ . 24,36 2099, .81, %
Short Tern V1sual Wemory I '3 " 400 .77 .66
'Short Term Visual Memory 11§ : 4 ;Jgéoo. ; \6;8d , , BN
> i+ Delay 1 -sz“nlsep. T T 6.92 " " 1.15 46
Delay 2« 10 msecf A’. - - 5:48 ) i '1.}8 ,jsb
Pefay 3 .94 nsec. _ - T e 320 - Mg . 71° "
" Nelay 4 177 msec. - 492 .7 ig . 63°
[Delay 57260 pseg. B L 6.20 T 1.38 TELENE
" Delay 6 344 msec:. ‘ " 6.56 - 1.00 " 60P - -
?elay 7 428 msec. - T * ' 6.88 . 1.20 " : ..'57b
:DelaYnS 3}0 msecf i ' o . 6-84:' I.14° i‘%‘.59b"-

NoEe Relnabilitieq not superscripted are parallel forms estimates :

steppeQ up by Spearman Brown. . . @ - . . <

-

aMean.,s.dnterccrrelation among the’ffve parts %orrecced by Spearman-Brown

8 ’bCommunalities as lower bound estimates Qf reliability See Tables 3

and 4. R . T . . L
¢

“

Re51dualized for differences in seatlng distance.

‘ .. T . T e

[ 2

- . . ‘

.



£

e, \ - I‘able 2, |
’ \ Matrix of I;lter'cprrelationé Among Administered Tests §N=25)
T - ’ ) : o
| Test | 1 2,.3°:4.5 6.7 8 9 10 11 12 13 14° 15
"‘hai',E‘mt‘:edd'ed Ffi,@;es ‘ -- 60 50 41 58 31 36 y36 -06 42 39 20 —08‘ 23 1-4'
- é‘.idden'F;gyrefs' L — 38 42 41 557 40 =32 L0646 '35 04 -17 23 34;
3€ard Rotations K W - 5170 W o8 -60 28 12 23 -03 36 21 o7
4 Paper Fc;lding . -+ 73 36 46 -36 23 | 4?‘ 14 05 -23 55 1@
‘5 SuPface Deyelopment ° T- 30 40 =42 16 34 22 09--43 37 14
'6 ,Camouflag'ed Words ‘ -- ‘_22 '—3:5 10\):4'6 ‘ 02 -12° 08 10 18
7 Word Trar%formasions ) -- =28 11 77 39 16 12 39 18
8 Matci'x. Famil. Figs., Errors ) 2 ,-09‘ -35 =57 ~24 11 -26 -23
9 Identical Pictures ' - =02 o4 -24_ 01 09 -36
"10 Raven Matrices . bt ! — 20 15 28 37 1%
11 Digit Span o * T . —- 23 -10 40f 20
12 Sequential 'wérds':: . -- '05 .42'-.38
13 Eilm Memory III S ) _ 38 -14
14 Short Term Vl\sual Mémory I’ S‘ * 39
15 Successive Perception III "L i
. - [
_ , ,
NOTE: Decimals owmitted ] .
..« xr of 0.40 is significant at .05 level. '
< PR F R X

.




Table 3

3R$sults of Factor Analysis of the Matrix of TabJe‘2'(N=25).

e
-

]

s,
\

LK
-~ >

-

i - Unrotated Factdrs % Rotated Factors

. s . N :
\]arlabl{ ‘1T II IIT I v h2 F1 F2 F3 F4 F5

.

Embedded Figures N -71 00 -05 -23 -13- sg 18 22 57 40" 11-.
Hidden Figures ° . -70 02 -16 -43 18 73 17, 2?\ 75 10 26

Card Ratations -66 -53 24 ~18 -23 87 - S51-12 56 44 -29

Paper Folding® . .. \-75 -25 =02 27 33 "59 55 36 03 -17

k-3
‘ -

. .'Surface-kvelopmenft R 7 ~33 20 06 14 66 26 . 45 2:*‘—12
-0 |

Camouflaggg Words . - 54 -Zi =40 =44 "09 { -03 17 82 00 -0}4‘
Word Tramsformations . 64 27 =42 37 07 01 85° lf_ 21 01

¢ -

- Match, Famil. Figs., Errors 66 -02 -11 09 58 -12~-08 -35-80 '02.
, . ’ N . . 3 . a' '
Identical Pictures -10 61 =14 51 -8 19 17.-06° 07 ~78°
. . ‘ - - !,‘
Raven Matrices -65 25 -60 15 11 -13 82 -41 11/ 04

1

Digit Span - -51 3i 20- 14 -57 ° 06 1901 83 14
Sequential bgrds",’ .65 27 147-10 108 y26 =25 40 54

Film Memory III - 25 28 =76 02 -28 -85 28 00 -01 -11 .,
L] . r '
* Short Term Visual Mem. I -60 27 34 ° 44 26 61 55-13 23 26

. -

Sugccessive Perception III =35 57 28‘) 25 ¢ T 19 11 16 10 77

.

v

~

T

Note: D%cimals:omifted.




5. % i o
. - As expected then, the untotagﬁd factor matrix shpwed a generﬁl factor

. W E

- domlnq;ed by the spatlal tests, and by the. d1semﬁedd1ng measures and -the
. Raven (G and G combined) The rotation procedure then d1str1buted thege
) ‘ among th}'ee sma ler factor§ The f1rst of these is bipolar, reflectlng the
negatlve correlatlons between Fllm Memory III ‘and the“spatial’ ability and-

STVM tests seen alsg 1n the.orlglnal correlatlon matrix. Th1s suggests some

*

klnd of oppos1t10n among the skllls requ1red in those tests. . The second factor

‘.
is defined by the Raven and Word .Transformation tests, and appears pecuilarly

spec1frc. It derlves from the single highest correlation in the original
“matrix. , Factdr 3 includes three of the four disembedding-tests, with high
loadlngs for Camouflaged WOrds, hldden F1gures,g£EE Embedded Figures. The .
reﬁatlvely low loading of the\Embedded Flgures Test coyld be explained as a

result of a ceiling effect ‘noticeable fn Table 1 ¥his factor also 1ncludes

o)

' s1gn1f1cant loadlngs frOm#the spatial stests and the Raven. The fact that the
\\ “general unrotated factor was split in these three ways is perhaps unimportant.
' The separatlon of Raven and WOrd Transfofmatlon from the other spat1al and
d1sembedd1ng tests was not expected but varimax rotation can capltallze on
-~ one or two" aberrant relatig?s, as seems to be the case here., The rest of theh

correlations in the fluid-analytic.cluster do not sﬁem to justify this separ- '

-~
* x

atiom. . ' . Lo

-’ a

*On the other hand it may be that Raven requ1res reasonlng gkills' or
¢

strategies dlfferlng somewhat from those requ1red in the spat1al and- dlsembed—

ding tests. Thls'deserves,further check ‘The analys1s of the spatial tests
1

. definitely seems worth pursulng oThe close assoclatlon ef spatlal tests and
disembedding tests, togetheY w1th the negative relation of these to the film ¢
memory measure, may * sugges; “a network of’complementary and opposing processes.
This pattern vv,s expected based on reports of W1tk1n s research on fxeld-

. 1ndependence€f1e1d ependence (Witkin, 1973) and on gome prior data‘of the

. authors he 1m memory test was corfstructed to obtain.a re]at13§1¥—@ass1ve,"

w/{ global and incidental 'kind of nonveﬂ*ﬂ.memory, akin to.memory foreﬁaces and
other incidéntal learning 'tasks associated by Witkin with field dependence.

Film Memory IIL and Hidder Figtires defined fhe two aptitudes showp(?? Koran,-

Snow, and McéDonald (197&) to interact with. video vergus transcript—based train

~

ing treatments in an experiment‘pn’the\acquisition(of teaching skills® 1In t
experIment, thehﬂidden Figures Test (Part I) Was‘correlated’-OZIO thh Fil
Memory ITI. The multiple factor fepresentation of spatial measures obtained ¢,
here coyld imply a d1v1s1on of théir varlance between abstract reajyning
16 ARG
12 ’ '

Y -\‘- . * .

¢

o4y
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o R O
N skills involved in apatial analysis, and active-gelective visual imaging pro-
cesses"which gtadd in contrast to the,passive v suaL‘imaging presumed to be\.
involved id Film Memory I11. The megative tor elatiohs that dominate this
division will need closer 1nspect10n in more s bstantial samples. -
' Factor 4 is def1ned by MFF errors and-vigual Digit Span, and’ 1s est
\; thought ‘of as yisual.memory span. Factor 5 i another bipolar factor, aris-

. ° .
- ing from the negative correlations of fIdentical Pictures with &@ccessive .

-

\ . %
Perception III and Sequential Words. . The lag®er two tests helped define the

.

factor called "Perceptual Integration"” in the Seibert~Snow studies déscribed

- ' earlier. The factor here may contrast the apid sequential'perception forced
_upon the subJect by these“film tests with performance when speed is under the \
subject's control. These factor$ were both expected, though it was .thought

l . that Identical Pietures would relate\posit vely to Factor 4 ratQer than nega-
t1vely to Factor'5. . e ‘ , \ . Je

Descriptiv gnalysis of backward masking measures. Table 4 shows the
hY

intercorrelatlong and factor matrlces for the eight subtests of Sﬂ?M 111,
eachvrepresenting a different delay ‘interval. Adain, the factor, analysis was ..
by principal components, with factors show1ng eigenvalues greater than 1200

rotated using varimax. The solution is ea311y understood in terms*df the test .

‘ de31gn, and prior data on_it. . . b ' ’
) . 4 I - 2
Table 4 about here ‘
) - ‘
. , R Factor 1 reflects performance beﬁg{g}amd after the mashing effect, while b

Factor 2 shows high loadings for the delay intervals in the reglon where

masklng is presumably strongest. * It is important to note that the means and stan- -
dard'deviations of STWM 1, 5, 6, 7, and 8 are comparable, while the means and .-
] ‘ the standard deviatlons of STVM 2 3, and 4 dlffer substantlally from these.‘ ‘
- o, (Se'e Table.} ) STW 1‘3 and T11- 4 have lower means than the other deiay ~ ,

intervals, while STVM III-2 and III 4 hhve higher standard deviations Than the ..

nther “delay conditions. The factor scores derived from the two factors appear

.in subsequent analyses as»STVM-F1 and STVT??Q (See Snow, 1976b, Figure 9, for ’

1 .omparison of the average masking curve found in this sample with those ob-

~

¢+ tained in two previous samples.) . . ! o e
. » : ¢ . .

. Descriptive analysis of;paramete;s-and other measures. Means and standard

deviations for the- ‘task parameters and other, varlables not entered into -the

factor .analyses are glven in Table 5. Intercorrelations among the parameters

. are presented .in Table 6. Corresponding valpes for the ‘total samplaee£;30

_subJects reported Ry Chiang and Atkdnson are shown in parentheses. Differences ,,>

J "’ ~ ‘
[ R o st . . .~
. o 1 -




, ( "1 2 3 4 5,69 87,77 "
: o . I II h°- ¢ FL - F2
. Delay 1 (-52 msec.) —- 16 ‘19+45 .14 32 35 49 61 =29 46 68 .-01
Delay 2 (10 msec.) -- 50 27 22 -4 .41 24 52 55 58 23 72
’ . Y - : )
Delay 3 (94 msec.) J -- 33 55 -20 22 QQ; 45 71" 71 10 83
. . 7/ )
Delay 4 (177 msec.) . -~ 70 25 .39 43 79 -01 63 72 32
, .
Delay 5 (260 thsec.) — 15 41 49 72 06 53 62 36
- . . 4 : Y., .
Delay 6 (344 msec.) -- 16 29 33 -~-70 60 59 -49I
i . « .
Delay 7 (428 msec.) 68 75 -01 57 ' 69 31
Delay 8 (510 msec.)® - 78 =28 6% 82 07
. ! 7]
»/_- . : Y
4 2
Ry + . ¢ ) . &h
. Note: | Decima}s omitted. ;.
o /
N / -
. d ‘;' : .
P . >
. ] hd { i 4
- “Jd‘ ¢ ) ) 14 ‘
L Y - ¢
- i \
v 9 /7 N . . .\
s ! ) 1Y
. /. T— N ’ 3'4 N .. R ’ s
/ ., ‘ )
v, ( ' - . / r'd
- . “ '18 "'
0t \ A ,
'¢ . .‘ ‘\ -

* 1

. .

>

.o
’

Table 4

Correlations and Factor Analysis of Number. Correct

re

.. Scores at'Each of Eight STVM Il Delay Intervals (ﬁ=25)

_ __ _Unrotated . Rotated-

e




‘ ' between the va’lues ‘reflect changes in the sample s12e fronr 0 to 25 subJects )
There are a few potable discrepancies between the“ two sets of correlations ’
* \First the tWO digit span variables were more highly, intercorrelated here than
- _ they were in. t'he full sample ( 87 @eersus L4b) . Second differentlal eorrela- ’ )
" tidns between the digit span- measis and, other parametez;s observed in.the full . L
sample wpre reduced in the present sample.. Finally, the v1sual search mterr- '
- cept and slope correiated slightly ne.atilely in the full sample but pqsitively

:Ln the present: sample However, neither correla'tmn 1s s1gn1f1cantly dlfferent

- ' !
'

R o~
. from zero. . The ot'her correla'tions were qu:.te s1milar ,to ;hose reported for the
. N b . ]
‘a full Chiang—Atkinson sam.gle AP AP LT e
, , . t "“ R -. .. . . L
‘ s VA . Rt A R . ) e T
'\ ’ . <. '.\' ’ L ) “"1 ! K N y P \a: ’ 5 A ‘ 4
e A _Tables:5 & 6 *abou) here’ "/« T o

. T A v . \'_. DY . Sv ; C .- N
- Y T * e I , L= T e= - _'\-_ - s TeTm - . . ' . .* AN .

ol
.. Correlations betwee‘n paramefers and'abllit:.y measu(res Correlations- between

P the ability fact'or scores, SWM faqt.r scores, ,dt‘her subJe lass1f1cat10n

vari'ables (such as sex,ﬁ e}iédnes,s, :md handednessD abilJ,ty m.easu,res not 1ncluded

- .8,
in the factor 'analys1s, and the, task parameters fr;om the‘ Chiangs-Atltinson study

2 -

are sh-own 1n Tablé 7‘ Since 1nt%rprer.at;uin o£ the factor scores 1% tenuous in-

. & . [ G NN *‘1/

.o this, small’ samplé, raw correlatrons beﬁv&een individual_ t2st.s or subJect .
AP _.class1f1catron varlab’les and, each of the tlﬂee average p‘arameters are’ given" h -
separately )‘.n Tabres 8, é,,,.and lO «' In. each t‘,ab]se, the correlations are
rank Qrdered Since faster 'peﬁformance’ is 1ndi.cag/d by lgwefr scores on - .

i ‘the.intercept an{ Slope pa.ramet%rs zc’orrela‘tionstv«rifh these- variables ;are

. \1€ ) - ’
”~ I . . L ‘ h
ordered from negatlve to pos-f.t_ive SRR A . EEUE S ) .
- . \ . *" "'b " N L e . . N :
R . N . » ~ s - ="; vt N -
i . N . - .
. .’ - -, - —'? kA r" < T FA

L. ", “—" . Tables'? 8 5 &l@-abou‘t here o ~

----- o ) o e . , t
.'J . . -, N v-._‘-.“.- _-“-_ - ‘,’ “ s, ! .}
The pattern of oorrelqtions wit‘h ave.rage slope.ln Table 8 suggeSts '

4

- t\iyat rapid pro-cessmg of tachist‘osboplcally presented alphabetic characters“r l/'

-
LN

is negatively related to the slope parameter, This is consistent with '
. ’ : ‘/ ' !
/ Hunt's re’sults, and implies that 1ndiv1dual dif»ferences in stimulus encoding

£

\ ) and matching are involved. 1§ these fil\n tests as well as in_ the memory search
) ' slope. On the other: hand,

¥

he lar‘ge p;sitive corfelation between SAT-V ﬁmd oo
. — ;he slope contradicts Hunt 's finding. ’,‘L'his oorrelation was not unexpected,

. . as Chiang and Atkinson found a correlation of .72 betveen SAT*V and average

.+ slope for females in the full sample; and this subsample contained' 14 females £

. P . - 0y . .




. hd @ k ]
. s * ) ' ! v - : ’ .
N . s , < .
e S . " Table ‘5 e R
. : .-. : s B ~/ ' °’l T v, T / )
’ . . Means and Standgéd Deviations of Parametets and Variables
° < hd / LT )
. . - . . ¥ S .
. R Not Entered Into the Facfor Analysis (N=25)
[ v _r' _4. . , .
T N
i Test ; , .o ! . Mea‘ﬂ‘w\ S.
"’ r\‘ > MJ ‘_ l-‘ h - e

«. " Scholastic Ap&itude Test-Verba}? . 617.09 " 69.66. \\‘-\\;\\~\\~\;‘:
. n ‘. . Lo B . —

L .fScBolabtic Aptitude Test-Quantitative® 661.%3 . 76.
‘“ve}age Intercept & T » T.7455.18 7 -/ 76,
Ty - .. S . . . .
Average Slppe ) N 44..00 _ 20.
< Raven Time ' ' ’ 26.05 9
b« Matching Familiar Figures Time 0 236:40 121.
, : ' . . , 2 .
g Sex . ’ ¢ ' T -0.12 1.
. \/ ' .. .- . ' .
Handedness Questionnaire . - CL2-24 L7l
" Eyedness .. ’] ) . 0.80" I.
Memorz Search Intercept’ i C 463.28-. - 8l1.
. . 11/\‘ . . \ ) . .
L. Memory Search Slope- g co 44.36 21.
‘ f Visual Search Infergept - 466. 68 AR
? . :
. Vioual Search Slope . -1 43.20 20.
« A , ) ' . y ' .
~Digit Span, Total Correct - ) -30.34 , 3
Digit Span,ive. Set Sigze s . J.42 , ‘Q 0.
“Seating Distance e 1.76 '0.83
’ . / S s
Seating Angle : . : -t 0.00 0.82
N /_____, - - “ C
3For all calculations iﬁ&olving AT-V*and SAT-Q, Nf23 due to miséing data
;on thgse variables for two subjec R
’ * . 16 .
[ - ¢ B E t
. o
' ‘:() .
. 7 ',’ K v P
- N Al v, . !i - -
. . DS



£

v .
i {* Table 6

Intercorrelations of Chiang-Atkinson Parameters (N=25)

-

4 \ « Y i .
. ) - Visual Search JMemory Search () Average | Digit Sgﬁan “
.. .+« _ Interceft .Slope - —Iaterecept - Slope-Intercept Slope- ‘Total ~ Avr. Set Size .
- * - ) I s . ’ ’ C ‘ ’ \
Intercept 22 (-29) 87 ( 97) -05 ( 04) .88 14 -46 (-04) =52 (~35)
Visual ) ) G , )
< Sedarch?» '
‘e . l ) v, . . .
7 3lope ; 38.( 43) 84 ( 83) 31 96 -13 ( 15) -26 (-08)
RN , — L . ‘ .
>e Inte'rd ) g -

N, nrercert oo 09 ( 10) 92 ' 24" -33 ( 00) =54 (-33)
_Memory . ‘. ' ; o e
Search ’ h U -

~ 1 06 96 -16 ¢ 13) -16 ;0 04)

‘l 3 N . r A

. .‘, . . ﬂ : -
) Intercept | - - 19 ( 24) =37 -54 (-30)

. i ‘ .
* Average ) \‘ X L.
Slope \\‘ - ‘ N ) Dr-15 =21 (-06)

., Total ., - , , ‘ 87 ( 46)
Digit . . ,
Span ~ « S o N

) Avr. Set Size > S

-~ 1
‘ ' ~ - ) .
Note. Valgues in parentheses are from Chiang and Atkinson (1976; 'N=30)
— . . -
Decimdls omitted. ’ .
. . i

-




. . . T “Table 7 ) ' \ #.” )
Intercorrelations of Ability Factors with Task Parameters and Other Variables' (N=25) ',
¢ . ' ' ; o
., % , Test 1 2 3 4 5 6 .7 8 9 10 11 12 13 14 19 16 17 18 19 20 21 22° 23 24
1 Shont Term Visual Memory-F1 00 728 29 12 -T1 04 00 24 N4 -1i9 03 -09 -16 00 Ol -0l -07 06 -30 -19 -15 ~1%° 25
' 2 Short Term Visual Memory-F2 -03 18 -30 38 38 06 2B -30'-19 15 23 17 -12 -0 =16 -18 -33.-16 24 §2 =31 -15-
TR , 00,60 00.8% 28. 25 50 -13 -20 01 16 =04 -04 46 -15 45 -10 18 06 10 <03 |
4 F2 - : 00 00 00 07\'23 -32 -02 -02 -06 02 14 04 -14 08 -09 -12 07 19 16 10.
30 o~ ' 00 00 39 34 -26 290 11 29 30 37 -17 -29 36 -26 19 11 -01 34 10
Fo ‘. BRI 00 -17 20 -40 -21 05 50 42 -27 06 -44 -20 -51 -21 77 83 -34 -14
FS\ 7~ - L ” ' -13 19 -01 -8 22 -10 16 -25 -13 -01 -05 -01 09 : 06 14 -01 24
Scho\asﬂc Aptitude Tesf-verbal®- . . .37 11 -50 -13 16 11 46, 08 24 38 04 59 01 -13 33 -12
Scholastic ApfifudelTeST-OuaqT‘Haﬂvea o - -12 15 03 30 43 33 '36 -07° 17 -23 13 35 23 00 -38, °
Average Intercept ‘ - , 19 -36 -18 -39.,-08 12 92 06 88 31 -37 -54 18 19
Average Slope : < - b ~02 29 -17 S0 06 24 96 14 96 -3% -21 00 1D
Raved Time - 26 23 05 -27=-37 04 -42 -08 05 -02 -40 -10
Matching Famlllar Figures Time & " . ' 41 20 -13 -10 31483 25 48 24 -23 08
Sex ' : 13 06 -34 -14 -43 ~18 75 62 06 =30
Hendedness Questionnaire “ 17 01 52 -18 45 02 -16 16 -22
Eyedness : ‘ . o 06 02 -06 08 05 08 -10 -15
Memory Search Int&rcept e s o . . 09 87 38 -33 -54 27 18
Memory Search Slope - . ‘ . 05 84 -16 =16 =04 15
Visual Sesrch Intercept . - ’ - ) : : 22 -46 =52 34 20
Visual Search Sfépe ’ ‘. ) ' et . =13 26 04 05 .
_Digit Span, Total Correct ‘ . : o ‘ 87 -16 -24
Digit Span, Avr. Set Size . . . ) - < =1 =24 -
Seating DIstance e . \ -« , 00
24 Seating Angle . ) . ‘ .
: Note: Decimais omitted; r = 0.40 significant at .05 level 9For a}I calculations involving 3AT-V and SAT-Q, N-23 due to missing data on

these two variables for two subjegts

- {
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N Table 8 *

Ordered Correl_?tioris of Averdge Slope with Ability Variables bZS)

.

v

.~

-

. Variable . ; N

Average Slope

.
» STVM III-:Delay 1 | -4t % 'i
 SIVM III- Délay 4 . - - /=33
Sequential Words ~-27
. STVM III- Delay 3 ~26 CL
STVM II1I- Delay 5 C-26
Sex ’ .' -17 -
N Uenfical Pictures ° -13 ! ‘
/ STVM III- Delay 8 -09"
Successive Perception IIl \} .-Oé
STVM III- Delay 2 ' T -07 .
s Short Term Vidual Memory-I -05 '
Word Transformation ' ¥ =05
Card Rotations 2 | T -04
R;Vep Time‘ -02 . N
MFF Errors ) -02 2
. Embedded Figures M o
[ Surface, Development 02 .
Raven . ' Q6 .
‘ Eyedngss ! 06
) STVM I1I- Delay 6 oe\ﬁpjdl : "
STVM III- Delay 7 ° 08, o '
Hidden Figures L 11
/ 4  Paper Fo],ding. 13 .
SAT-Q Y, 15 ‘
Film Memory III 18 :
Camouflaged Words 25
© MFF Time . ‘ 29 TN
’ Total Left . ot 50 L
| SAT-V 50 - o
Note: Decimals omit‘:ted ‘ , o
[
19 25
v . ! .®




dered C6rrelation§ of Averagé Iﬁtgggept with Ability

, 4 .
Variable . Average Intercept
.Film Men'xory,ﬁl \ ) 47
Raven’ ) . « =45
‘Hidden Figures . T 42 X
Word Tranéforﬁations ) -39
Sex . -39
Raven Tiﬁé ‘ -36
STVUM III- Delay 3 -36
“Embedded Figures ‘ . =27
Camouflaged Wordg - <27 .
STVM III- Delay 5 20
MFF Time o -17
STVM I11- Delay 2, -13 .
SAT-Q T .-12
STVM III- Delay 4 = -10
Successive Percebtion JII- -09
Total Left -08
Sequential Worls . . + -05
STVM III- Delay 8 ' . 04
: IdenticalARiqtures L =04
Card Rotation ’ * =02
STVM III- Delay 7 03
STVM III; Delay 6 - 04
Paper Folhing . . + 05
Short Term Yisual Memory I 08
Ey;dness . Lo 10
SAT-V ' ’ 1™
Surface” Development ~ K . 13 7
§TVM III- Delay 1 24
MFF Errors . 26-.

' Table*9 " i

) *

Y

Id

Variables (N=25)"

£

3

P
Note: DecimalgGmitted

20 26

«

3

.
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. ' ) ¥ " ' Table 10 o K ’ ‘
. " ? . - - . .
" - Rank Ordered Correlations of. Digit Span with Ability |
- o ————— . ]
. & - Variables (M%25) ) , L
» ’ . . : - ' » :,"""‘ ‘ v .l - ‘ ’
s ° L » ’ :
A . . i . ‘ -

«

. ‘ . Varidble - T Totai Correct ASSLC -

(S - -
"L . 8 Sex- E , 75, ° 62
' S Embedded Figures-Test: 49 3? .

A ' MFF . Time ) g .48 26
v - 7 Surface Development g . 46 22

- L *

- " . SAT-Q S - 35 23 .

. T ‘.Card_ Rotation . . . 3 33 . 23. . ) ”

’ Word Transformation ° L 300 . 39 / ‘

| STVM III- Delay 3 o ' 29 37

8 . . Hidden Figures ) 24 25 . y -
A . " Paper Folding . ’ , 18 = 14 o '

.o éequentiél Words . b BV 23 L.,

' - - Successive Perception III . #s5 - 17 ‘ N

r‘" ;o ® - Raven ) Lo - ¢ © 13 20

Short Term V_isual,Memc;ry I . - i1 = 19 ° ' v

. ngmouflaged Words « ' .o 06 . 4, .02 ° ' .

’ w- \Eyedness .- i s . . 05 08 - . .
. * * Raven Time = . .~ a 05 -02 . -
S f’ STVM III- Delay 4 o T 05 - - 18 NS
L | STV III- Delay';?: . ~ 03 05 |
o .. Totallett ' ., 02. - -16 C o
' . TsAv - B Y WS | I '
S - ST III-Delay5 ~ . ~ °* ot - 05 .. . -
. ‘ Jgentical Pictures: . ) _— :02 - o 04 ’ .
o S , STWM - Delay 7 °, S VAR -16 1 . '
e .+ SWH I11- Delay [ L SR TR 00 L |
. ‘ STVM III- Dejay 6 __ e, ot =l L =22 ‘
. _ Film Memogy III . \ : -22. -16 )
R ’f:&- ) . ) . ) ] . . # ) . -_... h.
Y. _ . g "STVM III- Delay. i% ‘ : . g' . ~-2’6.. - -10 - :j"" -;fw
sy e T DR e

‘ Note: Decimals omitted ~ e ) W Tt g
S 3 ’ . b . . o 5 A
N R . : ' & - ’ . - X e,
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and 11 males. However, this cotrelat1on and the comparable correlation between

.

total lefit and the slope parameter botH dropped to .35 when one left-handed

sfemale 2ptlier\las removed from this sample. .
Tﬁezcorrelabaons with the average 1nt8rcept shown in Table 9 display °
another interesting patterh. , None of the positive correlationg is significantly
‘different from zero, but those negative correlations that are significant, and |

several others that are moderately high, come mainly from two types of tests,
and all are complex tests However, Film Memory III seems to be a distinctly
different test psychologlcally from the others, ali of which can be intgrpre-
ted as reflecting fluid-analytic ability (as noted in discussing Factors 1, 2,
and 3 in Table 3). The correlations betwgen F11m Memory III and these other
_tests were close to zero. Yet each gave a strong negative relation with the =«
-1ntercept parameter. This implies that the 1ntercept measure is composed\if
_at least two independent components, and that these two types of tests differ
in their emphasis on these components. It ig also to be noted that Digit Span
_correlated -.54 w1tn‘average intercept in this sample, bdt showed little rela-
tion to, the'other'ability tests in these two clusters. This implies still a

third component in_ the 1ntercept scores. .

" Perhaps i "workbench" model of short-term memory is relevant here (cf.

Klatzﬁ&, 1975) Acceording to th1s.model ‘the tradeoff between’ work space
e

o

and storage space‘on a worKPench is ;nalogous to the tradeoff between pro-
dbssiﬂg ‘space and storage, space in short term mépory Wlth more (or "bigger ")
1tems‘in storage, the processing: capacity is raduced for a short term memory
of a given size. A subject with a‘{arge capac?f" (high digit span score) ’
would have more processing space available than a subject with a smallen
capacity for a given task. Thus, greater short term memory capacity would’
be*ﬁssoclated with faster responses (i.e., lower intercepts); hence, the
negative correlation between 1ntercept and digit span. '

The correlations between average digit span score and the other abil-
ity variables shown in Table 10 1end some support to this model, although“
there are a number of puzzling discrepancies. . The correlation between sex
"and digit span reflects-a mean4difference of 4.6 points in average didit .
span score (i males F 32 9 X females = 28. 3) or ‘a one point differeptial

in the corresponding makimum dig1t span scores (X males' = 8.0, X females =

‘ . . e e / . ' 2
. *

X
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negative correlation between MFF errors and Digit Span (that produced Factor

4 id.gablessé and 5) can be viewed ag”additional support for'the workbench
model moted above. This test reqliires that the subject compare a stimulus

line drawing with §ix QEry similar alternatives, only one of which is exactly
the same as the stimulus. There is.a multitude of details which hqig be -
encoded and compared across figures,’9nd errors can result from a failure to
encode and compare relevant features or a failure to remember which alt-'erna—“~
tives have already been eliminated. Thui, students with a larger memory span
would be expected to perforg better on the test. As one goes down the list

in Table 10,.it does appear thst each test in turn seems to require less pro-

cessing space, or“less storage space, or both, at least until~F11m'Memory I11

“and the long delay.trials of $TWM III. These would seem to require more stor-

. t — ' -
age space, if less processing. .

. - . -~ '

Multiple regression analyses of parameter measures. " The correlation pat-

terns observed above can be sufmarized by entering selected ability1kests {and

other measures) into'multiple prediction equations for each parameter. The

slope and intercept parametérs are of'principal interest here. Table 11 shows
the results of such analyses with:each,of these parameters taken as the criter-
ion to be predicted Resulets for. the slope show again the involvement of gex
and left s1dedness along with SAT-V in indfvidual differences in slope scores.”
The equation for’ the intercept parameter shows the three relatively independent.
components méntioned earlier,each accounting for appreciable variance. The
thegretical_model for the interpept perameter.does posit three independent
process components: stimulus encoding, binary decision: and response production

(See Chiang & Atkinson, 1976; Snow, 1976b) One could hypothesize that the .
Digit Span, HFT-Raven and Film Memory III ‘tests reflect id%ividual differences

in speed in stimulus encoding, decision, and response production, respectively
-Bug it is not clear on the face of it that these three-types of tests correspond

in any direct way to these thyee model cbmponents.

‘ 8 ‘ » Table 11 about here =~ - |

i3
I3
»
]
L4
[
L")
O
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. K .- 8 :’ Table 1F . ¢ ™
N : ! N " '
Step-wise Multiple Regressipns predicting Average Slgpe, and Averagé Intercept .

. ¢
from Abilities and OtheE.Subject Variables '

’ Lo P . [}

‘. »
i .’ N e
Dependent Variable Average“SIOpe

~

Dependents Variable Average Intercept

~7= F

'Variable ‘Order Re-aR® r b " Variatlé' oOrder R 4R2 r b
SATV . 1 ,50.25'.50 .10+ . DSASSLC "1 .54 .29 -.54 -45.63
TOTLRFT 2 .59 ,09 .50 1.88. Film Mem IIT 2 ' .75 .28 -.47 -14.25 !
SEX o 3 64 .07 =117 -7.62 HFT ‘7? 3 .84 .14 -41 Fioz-
MFFTIME 4 .70 .09 .29 - .05 RAVTIME 4 .88 .06 -.36 -2%7
Constant ) { o '4;;34.l3— Constant ' ' d 1259.39

- o . N +

. . = L . . - ,
,Note. Table includes multiple correlation (R), increment to R2 (ARZ), regression

coefficients/(b) and Order of variable entered into the equation

N .

X+

v
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Multiple regression analyses of ability-tests and factors: Illustrative

. plss; It is dlso possible to use processing parameters as predictors oﬁ,‘
‘”ability scores, and this can illustrate how one might examine am important
assumption about the form of,processing model needed to account for ability "
differeﬁces. Most information pbgfessing models assume a sequence Sf ihdepen—
dent process components- or stages. Ability variance then would be accounted
for by-a. sum of 1ndependent variances from different components But it is
also pogsible that different .components interact. This possibllity can be
checked by 1nclud1ng mﬁltiplicative terms in the prediction equations. Each’
analyéls fits an equatlon of the' form ..

Y=b (s) + b,(D +3 (D) +b (XD +b_(¥D) + b JxD) + cc{nstant

~
-

an ability test or factor score to be predicted .

= average iftercept parameter Mt

Y

S average slope parameter,
I

D

digit span score (DSASSLC) .

.

. b = regression coefflcients for variables entered{into the equation.
Thus, two-way interactions among the parameters are enteréH_into the regres-
sion equations after the main effects of each parameter " The linéar additive
assumptlon would be enable if interactiops among the .parametets accdunted”
for more var1ance in the dependent ab!lity variable than did main effects A
similar question would arise if interactions among ability. measures were found
to be substantial pred1ctbra of processing parameters. It is the case tha&
aptitude var1ables have been found to’ show complex interac{ive effects of' this ,

. sort in predicting learning outcome in instructional experiments (Seé¢ Cronbach
& Snow, - 1977 Snow, 1976a). ) ‘ .

- In Table I2 ten such analyses are shown. ’;p/ﬁost cases the .amount of
ability variance accounted for by Parameter main effects and tnteractions was
not high. There were, however, several 'instances in which interactfons were
better predictors than main effects. For example, in the regression of Identi—
cal Pictures on“the paramzters, parameter mai\\effects accounted for only 2.6
percent of the variance while their two-way. interactions accounted for 33 per-

ient of the variange. This was also the pattern for prediction of Factor 5
scores. Similarly, in the régression of SAT-V on the parameters, the inter-
action between jh/’intercept and digit span scores accounted for more variance

than either did when entered into the equation by itself »
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. Table 12

Forced’ Stepwise Multiple Regressipn of Some éblllt:es
’ s -

. ' - Parameters and Their Inte

d

’

Albility Factory on the Processing -

nrder 1n which the‘variables were §orced 1

af-er all the variables were forced 1in.
. .- .
a. See text.

nto the resqressalon.‘

viL 32

-«

Note. Table includes Multiple cnorrelatinn (R}, incrément to R

.

e ) ) “Factor 1 . Factor 2 . Féctor 3 Factor 42
Variable ' order R aRZ2:. b R. aRZ b R aR? b R aR? b
. ‘

Slope 1 .13 .02 .3 ©01 .00 .13 . .29 .08 az .21 .04 -.01
Intercept 2. s .29 .05 .33 .10 =.02 .43 +10 .02 .42 .12 -.01
Digit Span 3 .67 .13. 3.66 .33 .00 .27 .45 .02 . 1.23

S x1 4 .68 .02 .60 .33 .00 .00 .45 .90 .00 " .42 ,00 .00
8xD . 5 .68 .01 ‘-.03 .36 .02 -.02 .45 .00 -1t '

DxI , 6 .713.06 +-.0i | .39 .02 oo .48 .02 .00 ’
 Constant _’ : 7.56 ., ‘ %310 . -9.16 3.98

: . ‘ Y . oL ' - ¢ 7

N B‘actor"S' ' Idantlcalq?icture.s SATV . —‘%TQ‘;

' variable ) (')rder' R ARz‘ b S R aRr? b - R AaR? - & . Rf,'izj b 4
‘Slope 1 .08 .01 Jo3= 13 Jo2 . 248, 50 .25 +-4.18 ,",'.‘1'.5.0.-*6 7.79
Intercegt 2 .08 .00 .05 - .13 .00 ~-.37 .54 ;04 -3.46 (23 402 1 -1.79
" Digit Span 3 .16, .02 E9 31 .16 .01"-13.81 . .54..00 -124.83 .3]°.s05 * 9.45
R 4 .23 .02, .00 .30 .06 .00 .54 .00 .02 .33 .01 Y o1
S xD 5° .23 .00 "»00 .44 .10 -.28 /55 .01 - -.54 .38 .04 -1.54
DPxI 6 .48 .i7 -.01 .60, .16 .06 ,.62 .09 .34 .41 .02 .19
Gonstant ) -24,78 174.85 . * 1913.00 - 777.91
T, - ‘ ,* . -4 - 4 ) - ) *
) e' Factor 1 STVM ‘Factor 2 STVM
. .
“\ © % vartaplet'order R aR?2 1 R aR? b .
’ - Slope .1 .20 .04 .35 . .19 .03 -.02
- .- Yntercept 2 * .21 .01 .. 06 33 .07 - -.03
V. . Magic.span 3 ..28 03 Fies . .37 o3 -1.08, . . e
.o, : sx1 a4 . .00 _ .00 #37..00 .00 :
I . ) vsxD 5  .37,.05, -.03 .37 .09 .00
i D x I 6 . .51 .13 -.01 .42 .04 . .00
. v R Constant .=31 15 . 9.93
) 3 «

‘

=

2 (ARz), Reqress;on coeffxc;ent (b), an

Regression coefficients were recomputed
A

P
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S In these analfses of course, /Onlyathe slope. and intercept parameters are
assumed to reflect 1ndependent stages of thee same processing model, . so combin-
atiorns involving‘jlﬁit span do not ,test the addiive' assumption directly.» Bdt

v, it is interesting that digit span combines multiplicatiyely with gther parame-
ters in several analyses.A Because of the small sample siqe and the number of
variables involved im these computations, these regressions are perhaps best.
viewed as illustrative examples. df a data anaI&tig;!i.hnique rather than .as

>

substantive findings. ) - “
.4

?‘“ i!F’\ Multiple regresSlon analyses of the sort shown. in Tables 11 and 12 display ‘
e two contrasting theoretical pa&spectives. Correlatgpnal research has typically

treated ability measures as independent vasiables to be used to "account for"
>

s

-4

.individual differences in some learning or,sperformance task of interest. ' Tbe‘
Seibert-Snow £1965) analysis of backward‘visual masking was of this ferm. Two °
ability factors accounted for variance at different de1a§ intervals; they inter-
preted this as supporting a two-stage model of visual masking. Similar work in
- the psychomotor area has been reported by Fleishman (1975) who has interpreted
pafp\Yns of ability-tiial intercorrelations as' reflecting changes in underlying
ability requirements at different stages of practice in motor learning. Exper-
imental search, on the other hand usually assumes that parameters derived
from a model of, the experimental task are the basic elements and that cognitive
abilities can‘be‘explained by reducing them to a set of processing parameters.
..The work of Hunt, et al. (1973) and R. Sternberg (1921) takes this form., Hunt’

explains verbal ability as reflecting more basic differences in speed of encod-

ing, etc., while Sterrberg dissects reasoning ability into a series of- compon-

v

t parameters. '

These two theoretical.perspectives imply two corresponding ways of analyz-

= ing data, but the twosneed not be mutually exclusive. Alternatively'treatiné
abilities as basic #@nd paramet@rs as the variables to be explained, and then

“reversing the logic and treating parameters as basic and ability constructs as

- complex variables can yield & richer understanding of both sets of variables.

'Analysis of visual masking One further aspect of the data -needs to be

3

explored in this pilot venture. In earlier research with the STVM III task,

it was shown that two separate abilities ("perceptual integration"” and "ver-

bal facility") related to individual differences in performanee at different. ~
delay intervals. Rather different‘mean curves over delay.intervals were ob-
»

tained for, subjects labelled high or low on these two abilfiies (see Sn6ﬁ1192bb).
) - N . .
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Using Successive Perception III and SAT-V to mark these two abi11ties, respec-
tively, it might be possible to replicate the curyes obtained earlier, -even with
thia sma11 sample« Fstther -one, can explere comparable .relationships between.

. slope and intercept parameters and STVM III performance This would provide,
T as well an illustnatlon of scatterplotti?ggﬂethods in this kind of research.
e’ Males and females were treateddseparately For each sex, scores on

Successive Perception’ III and SAT—V were used to form bivariate plots. In

- Figure la, 10 males (one male in the sample had no SAT-V score) are shown

division into these clusters must be made su jvely, but at least scatter-
plots can be compared‘atross stpdies; labels cannot. ;aﬁﬁects are identified,
" by number in the plots to facilitatle comparison within this study. Flgure A1b
sHows means for these 'four ab111ty groupseﬁeparately, across the eight delay
interval conditions. The’ curves do appear to rep11cate those reported by
Seibert and Snow (1965) for an’ undergraduate male sample. Thosé high on
'perceptual integration ability perform relatively well under short delay con-
ditions, while those Iow on this’ability but high on verbal ability do relatively
¢ better at later delays: The curves cross at a point near_the'§4 msec. delay
inteczaf.hoth here and in the earlier study\. Also, the one lo&—lqy subject

-~ - - . S
shows the poorest performance throughout, as\ekpected.

, --’ ' T y - - ' .
Figure 2a and }b provide a comparable apalysis of sldpe and-intercept
scores for themales with N = 11. In Figure 2a three groups of subjects

seem discernable in the scatterp}ot ﬁigure 2b shows mean curves on STVM III
for these, groups. Theé three subJects with the lowest slopes (i. ef, who are fast
in memory search and matching regardless of set slze) andhigher intercepts (LH)
show a cufve similar to that obtainzzgfor subjects low in perceptual Integration
and high in verbal ability in Figure{]b, Those with high slopes énd low in-
tercepts (HL) give a curve similar to the high perceptual integration-low ver-

" bal ability curve of Figure 1b. Note. that the two groups are not composed of ,
exactly the same subjects in the twe figuree. The'high slope-high intercept
group.(HH) in Figure 2a produces a curve that is misleading. If this group is
divided Further into two groups of swo subjects.each, the resulting curyves
bound the others; shbjects #14 and #22 give the lowest average curve whiie‘.

subjects #24 and #25 show a cur ,indistinguishable from that of the HL group..

. . P

A% . /. 28 . . ot ['Y

N - , . 34

d1v1ded»romgh1y into four groups, labelled high or low on each ability. The r
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Figure 1. Bivariate scatterplot }dentifyiqg groups of male subjects

as high or low on Successive Perception III and SAT-V
ability.scores a) and mean performance of these groups as
a function of marker delay interval on the STVM III task b).
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- \

It ‘is not &lear exactly what to make of these results. The data rein)orce
. the suggestion from earlier work that two distinct ability factors. accaount
for performance in two regions‘of the visual masking durvé and that the”’
slope ‘and intercept pArameters from the Chiang-Atkinson study/give partaally
similar results, for males at least. But a.much larger sample .and an
improved visual masking task will probably be needed to probe these relation-
ships more deeply. ) o
-7 The data for females gave no similar trends. While there are,differenceJ'
in the STWM III curves for different groups of subjects (see Figures 3ab and
* 4ab), there‘does ndt seem to be much -that can be said as a resul®t. This
does, however, underscore the implication.from Chlang and Atkinson that sex
differences in this domain dgserve further consideration. Note that in Fig-
ure 3a females did not fall neatly into quadrants; there were two clusters
(ML and ,MH) 'in the middle range of scores on Successive Perception III.’ (Sub-
’ vjects #5 and #18 were not included in the means in Figure 3b.) Also it was
clear that tpe slope X intercept bivariate distributions for males and females

were quite différent. (Compare Figures:ga"and ba.)

Discussion - .

- Correlational analysis In small samples eannot be counted upon to sus-

‘tain conclusions. So we shall draw none. The methodology used here is

otherwise sound, however. and illustrates how correlational and scatterplotting-

techniques can be used for exploratory”purposes in future research. M&reover,
even with this small sample, some of the correlation patterns obtained sug-
.- gest hypotheses worth further study. ~£he’following observations may help to

-
~

guide that work. ) ’ . ’ .

-

. v 1. Ehe slope parameter defined by Humt and Chiang-Atﬁinson from visual
hemory search tasks shows moderate relation to-verbal ability among males.
Fagter search rates sgqm associated with higher verbal ability Individual
'differences on thid parameter also show relation to other ability tests in-

volving rapid short’ term processing of discrete symbols * The fact that data

for females in the Chiang-Atki son sample.seem qotkto show these gelations

_jpay imply an important sex dif§erence, but may also arise from distributional
anomalies’in this small sample of females. ’

< 2. The intercept parameter derived from such search tasks appears more )

complex than the slope parameter, as the underlying mode] for these tasks

would predict. Individual differences in intercept scores seem to include

.

‘ ’
- . - . 31 . 3.7 N ’ "
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. hygh in perceptual integration gbility-but low in verbal ab111ty

- also need to be sampled to assure representativeness

-1" Y
, ka3

three separate-components, representing memory span, fluid analytic )
Whgther ghese - )

differences reflect the corresponding components of stimulus encoding, ‘ . '\

.

ability, and recall of rapid filmic‘scenES and sequences

decision, and response productlon, respectively, according to the models”

for these tasks is.unclear. Alternatlvely, one could say, that these three

kinds of ability tests all involve 1nd1v1dual differences in these component ‘ , P

processes, as reflected in the intercept parameter. A klnd of work bench . - & .

model was™ suggested as.one way to ungderstand ‘hese relations
- 3,

earlier Seibert-Snow results, suggesting that visual masking oecurs on.”
; : . .

The backward masking task in this sample gave data supp‘ing the

average in the vicinity of lGO msec delay between stimulus .and marker, that - _° * N
individual differences Lp/the strength and location in time of this effect .
are substantial and that differences before the masking &ffect: seem associated

with perceptual 1ntegration dbllity while differences during and shortly ‘after .
the masking effect are associated with verbal ability. Another way\to state L
this last hypothesis is‘to'say that visual masking é%curs at shorter delay » e
intervals for individuals low in perceptual integration-ability but high in
verbal ability, while-masking ocgurs at longer delay intervals for’}ndéviduals d‘

The

4

results seem consistent with - this last hypothesis for males'but not for females.
A Y

There is also the implication that the intercept and slopé parameters yield a

R

pattern of relations with performance in the v1sual masking task that is similar N
The sex difference
s thed

to that found for ab111ty test scores agﬁin only for males.
»

hypothesis arising ‘from the Chlang-Atkinso ‘data is ektepded hewe

Visual n¥sking task

of aberrant scores from a few female subjects on one or two search tisks. .o

suggesting that the s effect i& not simply the' result : -

4. The distribdtions obtained from Sténfoqg Unfversity undergraduafes N .
on tests and tasks of furthe’,ﬁntere één this nesearch pro&ect seem to con-
1 - LA A q L]

form roughly to normal statistical requirements.  Most teéSts and tasks used ~

here yielded adeqtate ranges and distributlons of abilzty scores to justify,

continued use of samples from this population. It is nonetheless likely that -

broader rangesvof ability in théd™more general high school population will

’

)

5. Finally, it appears that regression models of ability test performance

using processing component,parameters as predictors, and similar models of | y

L

processing component parameters using ability scores as predictors, can




readilwe built to promote understanding of ability process relations.
Thes"é models may well need to include _terus reflecting the itbteraction of
S predictors as well as tdeir main effects. t . ' v’
This iast decision to avoid a priori commi~tments as -to whether .
P '\/ task paramqters or ability constructs are more psychologically fundame‘ﬁtal
seems parti't:ularly important. It may be.'that tradi,tional ability tests
tap higher-order cognitive processes #han do tr‘ task parameters, and there
"#was some indication of this in the present data. On the other“'hand abil;lty
tests are usually short and sample only a few items while the informati‘0n )

/pro?é:? tasks used in this. study 1nvolved hund‘eds of trials.an a particular
It may, be that Lf’ the' ability tests were extended to a compar—

type
able length, performance would no longer depend on- general test. tgk‘ng
. strategies and, adzatlon, correlationsWith the parameters

-

increase. ~In infégmation proce'ssing terms, the cognitive
by the traditional ability test may relate trg to executlue func ions than ‘
processi.ng functions of the' model. Conuructing (or selecting) the program to
i process the data, or deciding where and in what form to store data in order
that it may be later retr1eved and’ manipulated wi?l??he greatest gase=— -
these apd simllar funCtions of the ' executive _in information pchessing models ©
are similar to-the presumed .fu‘nctions/of test strategy and experi.ence. “This

anangy may also shed ~11g‘h't on. why heterogeneous ability test batter1e§
usually yield ‘a subs&xtlal ig" factor. : P

voob

R

Further, ;,he experi‘mental paraméters employed in iﬁformatién processing

v models derive "froh;, simple, automat:l; ‘tasks &h‘ rely on relatively specif\ic,
l%wer de rocesses If the correlation among abillty tests is dueao"*
‘ef ﬁlent "exe‘Cutlve" functions that are responsitMe for setting strategles
. (or selecting and- assembling the peri'*xance programs), then it is to be g
expected that correlations among dissimilar taskfthat9 require llt‘tle pro-
_ / gramming wiﬂ be low. ., The failure of the task parametgrs 40 correlate

more su%stantially with ‘the STVM I11 fact»e/r scores than they’ did wlth the *.,

ability factor scores is g case in point. Group factors tgnd' to appear in

facto‘r alyses’ of ability variables. when both the content and processing

requireme tgrthe tasks are- siihi]iar. 1t is quite pos‘ible that content

similarivty i

moves down the aéility hierarchy Adso ,to be noted is the importance for Q

creasingly impor ant for task intercorr;glations as one

., exploratory purpdses of examining the scatterplots underlying particular

correlations. Important' intt:icacies in abilfMy- paramete( relations may,*

?




. . h ) )
: “not come to light in rduti,ne Clorrelational analysis. s
. Finally, I%hfurther rQSearcn,on,abilit;-process relations, we believe - e T
.. that multifaceted ekpe:imenfs;thattsys tically vary task requirements on
N a number of dimensions wili prove superior td/simple cotrelational work with ' )
paradigmatic informatlon processing tasks yieldiag only one or two within-task 3

'parameters. Attempts to relate the domains of correls"onal and information
processing psychof%gy will profit from a,claylflcation of the cognitive B
)complexity\and generalizability of both task parameters and ability con- L

. ‘structs. Such resedrch requ1res large samples, abundarnt psychometric ‘in-
’ N o
formation on @ach SubJECt3 facet designed- experimental tasks, and a better
\/ ‘
. understandin of; individual stﬁategic, as well as process dlfferences in .
" test performance. ' - v . ~ T
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