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. *Relatron of Apjamudeg to Leammg at o
leferent Pmnts in Time During Instrub‘tlo‘ﬁ"’ T

T " Robert B. Burns L .
SN R Umverslty of South Carolma e
This study examined one possible reason for the lack of consistent findings in -

aptitude-treatment interaction research, namely, the instability of aptitude- -
learning relations over time._ Four classes of predominantly 10th-grade stu---
dents were taught an imaginary science over a 4-day pericd. Achievement
measures were obtained each day. Students completed 14 aptitude measures
prior to instruction, and 5 additional aptitude scores were obtained from stu-
dent records. Component scores from a derived principal-eomponents solu- \
tion to the intercorrelations of the aptitude scores were then correlated with .

[

—_—

~each of the achievement scores. 'The results indicated that-some aptitude-
achievement relations were not stable over time and that this instability was e
exhibited in different aptitudes being required at different points in tlme dur-

. otinz; Columbia, Scuth Carolina 29208. ¢

ing instruction.

The prototypic paradigm in aptitude-
treatment interaction (ATI) research g the
following: An aptitude construct is Tea-

sured, two-different instructional treatments

are used to teach some content and, at the
end of the treatment, an outcome measure
is obtained, Within each treatment, the
outcome measure is regressed onto the ap-
titude measure. The regression lines are
then taken as summary indices of the im-

portance of that aptitude for outcome within -

each treatment, and the.regression welght.s
and treatment means are exammed for evi-
dence of ATL,

Implicit in this paradigm is the assump-
tion that the relation of aptitude to outeome

is the same at different points in'time during
‘instruction. In effect, the regression weights

for predicting outcome from aptitude are
generalized over the entire duration of the
treatment. But there is a body of research

This study was submitted by the author in partlal"'
fulfillinent of the requirements for the PhD degree at _

&

suggesting that this assumption may nét

always be warranted.
Based on two theoretical articles by Fer-

guson (1954, 1956), a number of studies have |
shown that the aptitudes required by per-..

ptual-motor learning tasks often shift as
l&rnmg proceeds on the task (for reviews,
- see’ Fergoson, 1985; Fleishifian, T1972:"

Fleishman & Bartlett, 1969).. Othef studies
have exténded this finding to more cognitive

learning tagks as well (Dunham, Guilford, & .

Hoepfner, 1968; Frederiksen, 1969; Gagné &
Paradise, 1961; Hultsch, Nesselroade, &
~ Plemons, 1976; Labouwe, Frohring. Baltes,
& Goulet, 1973; Roberts, King, & Kropp,
1969; Bunderson, Note 1).1 In general, this
r_gsgax;gh has indicated that (a) the aptitudes
required at one “stage of learning” are not
always the same aptitudes fequired at a later

stage of learning, or, more commonly, (b) the

aptitudes requiréd at one point in time are

required to a lesser or greater degréeata '

later point intime, -

If the aptitudes requ_!r_e_d__by_mmmgu__.,

. the University of Califernia; SamtaBarbiara. A version

£ thisarticle was presented at the annual meeting of the-—aptitride=

p————iif
American Educational Rese
R 5 pril.1979.

shift during the éourse of learnmg. then the

reatment may be misleading: . Thay.would

The author wnuld like to than15 James Block and
Lawrence Hubert for cummentmg on an earlier draft
of this article.

Requasts for reprmts should be sent to Robert B.

only at the time learmng was measured

I'ﬁﬂﬁ-éf the 1mporEance of a given apEnEﬁH

M&WASMuMMB&LW&&MﬂWMW

Mvord {Note 2} for some ounﬂlctmg findings.

el
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This posmble time dependenéy of apti-
tude-learning relations would make it dif- "~
ficult to accumulate thé festlts of ATI
studiesard may be animpor

- some of the- conﬂlctmg reslts often reponted

by ATI researchers.
_Although the research on which this
arguineiit is based is suggestive, tthas used,

~ for the most part; br flaberatory learning

tasks whete practice, Father than instruction,
is the major vehicle for learning. - There is

little research on the correlation of aptitudes

with learning at different points in time
.during school-based instruction. The pur-
pose of the present study was to determine

.. ROBERTE

and the additlon t6this complex ofa road visualizatiolr - —
~ability (G, ) as suggested by Horn (1976).  Thess three

—aptitude constructs. r.eptesenLthaﬁrstdnfferentmmmam_"_'

of general meptal ability (G) in rg:_e_r\__t_lyg_\:amhlgal__,_

m irtelligenice and Bimparize many of the more
'ﬁpec:flc aputudes found in lower strat®. -
+.:zThe first nipe tests are from the Kit of Factor- Ref-
‘erenced Cognitive Teats, an updated version of the ~
earlier French Kit (French, Ekstrom, & Price, 1963):

Hidden Patterns” "This test is a marker for-the factor -

of Flexibility of Closure. The task is o decide whéther
* or not a imple conflgurannn_is_embeddéd in a more
complex geometric pattern (400 items, 6 minutes), -
Vocabulary I1, This test is a marker for the factor
~of Verbal Comprehensmn lt is a five-choice synonym
test (36 items, 8 minutes), " - R
- Finding A's. This test is a marker for the factor of
Perceptual Speed. Thetask is to find a few words with
the letter a embedded in word lists composed of many

stable during the course of learning a com-
plex learning task under conditions typical
of school instruction.

* Method

The 101 students in this study were enrolled in four
classes entitled “Change in Society™ taught by a male
teacher in a California high school. Seventy.six of the
students were in the 10th-grade, 19 were in the 11th-

- grade,; and® were-in the-{2th-grade - -Pifty-one of the

students were male and 50 were female. According to
the teacher, the modal student population of the school

« was white and of lower-middle-class socioeconomic
_. slatus, .o

-The classe&. were select,ed for the study because of the
“teacher’s willingness to participate and his belief that
such a project would be appropriate for a “Change in
Society” course. ‘The four classes met for the first four
periods of the morning school schedule in the same
classroom, each class.period lasting 50 minutes. The
four classes in the study had 25, 28 23,and 25 atudent,s
respectively.

Aptitude Measures

Nineteen aptitude measures wete obtained, Nine
were from the Kit of Factor-Referenced Cognitive Tests

non-a words (200 items, 4§ mmutas}

Map Memory. This test is a marker for the factor of
Visual Memory, The taek is to hold in intermediate
memaory the configuration of 12 aerial road maps pre-
sented on a study page so as to identify those maps from
among others on a test page (24 items, 12 minutes).

Identical Pictures. This testis also a marker forthe - -

factor of Perceptual Speed. The task is to select from
five pictorial or geometric objects in a row the one that -
is identical to a given object at the left uf the row (96
items, 3 minutes).

Division. This test is a marker for the factor of ©
Number Facility. The task is to divide two- and
‘three-digit numbers by single-digit numbers (120 items,

. _4 minutes).

- Picture=Number:- This-testis a maikerfor Lhe fa“ﬁ)r

of Associative Memoty, The task is to held in inter-
mediate memory 21 pairings of a pictorial cbject and a
two-digit nimber presented on a study page so as to

recall the number when the pictures are presentedina .

different order on a test page (42 items, 12 minutes).
Card Rotations. This test is a marker for the factor
of Spatial Orientation., The tdsk ls to determine

whether or not irregular shapes are mere rotations (on

the plane of the page) of the ongmally present.ad shape
or are flipped over on their sldes {160 items, 8 min-
utes).

- Map Planning. -This testis a marker for a factor of
Spatial Scanning. The task is to determine which one
of several marked intersections is passed on the shortest

route between two indicated points on the perimeter of -

agrid. Blocked paths within the grid make the ahorbest

routes irregular-(40-itema; 6 minutes).
The next four tesis are from the CulturevFair Intel-

of the Cultyre- Fg_r_lxmlhge.nce_'llestsLScaM,«Form B—factorustiflly referred to as Flgural Relations or Figural

e —‘—Oﬂ’wa

Caltell & Catt.el‘n 1960), t“ve were subtests ofthe Com-

Reasoning, defihed as the ability fo percelve or aduce

el

Edmon Furm5 LE\-'eMCTB/McGraw—Hlll 1973) and
s-develnped-by-ther'exyeﬂmenter—#brteﬁdm

‘scription of each test is presented below:
The majority of thg“gphtude measures included in
this study were chosen to reflect the G.G G, broad

ability complex suggeated by Stow (1977) ’I‘hls com- -

ativnsamong-tig
tests are thought tomeasure aapecm ol' fluid lntall:geuoe
~(Cattell; 1971 Snews-1977h-

— {Elbstrom; French; & Harman;1976); foyrweresubtests——ligence Tests:~ They are all similay iiv that they mark a

"Series. -ln—tahm—tait—-the task is to damplata a~pro-

gressive series of figures (12 items, 3 minutes),
Classifications. - In this test, the task is to choose one.
figure from the five preiantad that. ls different in some

e = Plex-ie-basedon-Catteli’s{197.1)-distinetion-heswaen. - sespect from-thaot hers.

cryqtaﬂlzed mteillgence (G.) and fluid mbe]llgence (G;)

. N -

Matrices. In this nt the taskis w complete ade-
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sng‘h of matnx of fi gures that'is mcompletely shown (12

-Crmd;tmn-s._.l

a glven set of cundl ions {8 |tems 3 mmutes)
Table I nferpretanon This test was constructed by
the experimenter. It is-a pretest measuring certain
study skills |mportant for learnmg the curricular ma-
terials. The task is tor read three simple graphs and
tables and @nswer questions about their content or their
mterpretat:on (13 items, 6 minutes).
The last five tests are from the CTBS. The tests are
----tyfical standardized achieverent tests in reading and
arithmetic:
Reading Vocabulary. This is a four-choice synonym
test (40 items, 11 minutes),
Reading-Comprehension. ‘The task is to answer
questions about the content of stories, poems, and let-
ters that had just been read (45 items, 35 minutes).
Arithmetic Computation. The task is to carry out
_the arithmetic opetations of addition, subtraction,
multiplication, and division (48 items, 40 minutes).
Arithmetic Concepts, The task is to recognize the
appropriate numerical operation or conicept to solve a
short ward problem (25 items, 15 minutes).
- - -Arithmetic-Applications.
longer word problems and demand more yproblem
solving than in the previoustest. The task’is to com-
prehend the problem and carry out the appropriate
numerical operation (25 items, 15 minutes}.

Instructional Treatment

The instructional treatment used in this study con-
sisted of two phases: a lecture/discussion. period in-
volving the class as a whole followed by an individual

period in which students read through instructional .

hooklets on their own. For explanatory reasons, the
instructionsl booklets and their currigular contents are
« described first.

Instructional booklets and their contents. The
curricular materials used in this study were a set of four
hierarchical learning units describing an igaginary
science called Xenograde Systems (see Merrill, 1965).
Briefly, a Xenograde System consists of two basic parts,
a nucleus-and-orbiting-satelites:
particles that may reside in the nucleus or the satellites.
Under certain conditions, a sateliite may collide with

the nucleus and exchange one or more alphons. The
science of Xenograde Systemsdezls with the rules and ~ “hension, or applitation™ = i

principles by which the lacation and number of alphons

was develuped from several different versions ava:lable
units

“tems, 3 minutes). - -

The items in this test are -

The version of Xenograde Sys't.ems used in this study

first followed-byf:fﬂ'éa explanatlon'ieadmg to the ruleaf A n
or principle exéffflified -

L) e»-t,ask-is—mhoese froM&rmng—GmH—pmwdmn—gvemew—ofé&nngrade—-—

items, T s 8] QW mremiam
Xenograde Systems operate are gwen. The remsinder

of the unit disbusses one part of the system. the alphons
within the nucleus. The concept of time f8 introduced

and rules on reading tables of alphon movement are
provided. - e

Unit 2 discusses the second part of a Xenugrade
System, the three satellites. Rules and proeedures for
reading graphs of satellite movements are-presefited.”

This unit.appears not Lo be as complex-as Isarning Unit
1, as fewer new terms and concepts are introduced.

Unit 3 discusses satellites in more detail, introducing
several more facts and concepts about satellites. The '~
new concepts increase the complexity of the graphs -
recording satellite movements. A new format of rep-
resenting satellite movements, tables, is introduced, and
severa) rules for reading the tables are presented.
Learning Units 2 and 3 are more related in con&ent than
either is to Unit 1.

. Unit 4 brings together the concepts of Umts 1,2,and

3 and presents the fully operating Xenograde System.

Only two new facts are introduced, but the functioning
system igfifow quite complex. “Lemmers mustattend to
four or five salient attributes to determine or predict the
location and number of alphons within the system.

Lecture/discussion. Since the curricular content to
be learned was deemed fairly difficult, a lecture/dis-
cussion period, conducted by the experimenter, pre- .
ceded the reading of each instructional booklet. ‘The
lecturéslasted from 15 to-S5zninutes and essentiaily
covered the material to be learned in the booklets. All

-gtadernit Guektions were dnswered svVery atlampl We was "

made to clarify misunderstandings and help students .
learn the material.

Achievement Measures

Four, four-distractor multiple-choice achievement
tests were developed by the experimenter, one for each
of the four learning units. These achievement measures
consisted ok.18, 14, 16, and 16 test items, respectively.
To help ensure that the test items reflected an adequate
coverage of the curricular content, the construction of -

higed on procedures specified by Bloom,
Hast.mgs, and Madaus (1971, pp. 117-129). According
to Bloom’s {1956) taxonomy, the test items measured —
one of three levels of learning: knowledge, compre-

The aptitude testing,ll!ﬂ_t&mb'ing of the four learning -

— consisted of a self-paced instructional booklet between
————fourand five pages-in length._Fach booklet was written

units, and the achievem
7 consecutive gchool days, beginning orra Thursday and

in prose accompanied by diagrams, graphs, and tables .

. for explanation. Overall, the format could-best be de- -

acribed as a “deductive” delivery, where knowledge and
prmclples were presented and then fol!owed by exam-

ending-on the foll;
subtests of the CTBS; wheseseone&were extracted-froa— ——
student files, the aptitude measures were assembled into
three 50-minute test battenes and admlmstered on the
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o bearning unit and 17&3 achlevement test bemg presented Statistical analyses. To réduce the number of dp— -
each day. titude-scores to a smaller and moge manageablé number *

e Qn’ Thursday, the.ﬁ:stday@’f"ﬁhe:stud}q:the—tbacher

explained to each class that they had been selected to
paTticipate ifi @ reséarchrproject béing conducted by the
_ local university. Several changes.in-class assignments,
brought about the length of the project, were explained
to The students, and therf the experimenter wasdntro-
¢ duced to the class. The experimenter stated that he
was interested in educational psychology and, in par-.
ticular, in how students learn in schools. The general
.- Wormat of the study was then described. -Students were
told that they would not be graded on their performance
during the project. Student questions were answered,
and the first aptitude test battery was administered,
Each learning unit was taught initially by a lecture/
discussion presentation tollowed by individual reading
of the instructional hooklets. The experimenter began
pach class period with the lecture presentation, Stu-
dents were encouraged to ask guestioms during the
presentation if they were unclear sbout the material.
Follawing the presentation, all final student questions
were ‘answered and the instructjonal hooklets were
& distributed. When students completed tdeir study of
the booklets, they raised their hands and the experi-
menter picked up the hooklets and dmtnbu}i'ed the
adn‘w(‘menl tests on an individua! basiz. The tests
were collected when all students had u:mpleled the
lests,
students who were alisent inr ene or mure days tol-
lowed a slightly dilferent procedure, Al the beginning
of class: these students were identilied and seated to-
gether. Fullowing the lecture/discussion period for that
ez=gdav and alter the instructional booklets bad been dis-
«  tributed o Yhe rest ofsthe class, these students were each
given the hapklet appropriate to their particular level
in the instructional sequence,  Aftler cuompleting the

booklets, questions were answered, and the students _ .

were given Lthe appropriate achievement tests. Twelve
students, who had been. absent on 2 or more days,
completed several learning units and the corresponiling
tests on the same dav to catch up with the rest of the
class.

Data Analyses o -

Handling uof missing data.

for all students on all measures. The major facter

© coftributing to the missing date was student absences
.due 1o illnesses, tardies and cats, and calls from the

a administration office. The large amount of classroom
time nedessary to complete the study did not allow ad-
ditional time for make-up of the measure$ missed by
students (the exception was the make -up procedure for

-+ ——the-instruational booklets_and achi de- .

Cumplete achievement data on all four
were obtained fur 72 students. ']:here
Cages and CSUIMALE

acnbed earhér)
m:l
fore, it was decided to use these

——hay missing aptitude scores by replacing missing vilues.  tion for dem

Witk The mean'of that measure based on all availa
cases, rounded to the riearest inieger. Using this pro-
__cedure, 187 aptitude scotes, or 13.7% of the 1368 total.
‘“‘“‘““tﬂt’st‘WS’Were"Estmﬁx;eu

“dure.”

Data were not collected

rehable measure), but as’ w1ll be dlscussed ) )

230 ‘_w_—_fhg-fmmﬁa“lf “tests was only_ygﬂ_hefwi'e COr

~of -variables,—a- -prlnelpal-a)mpunents—-analyms—was——-——-
completed. An incompleie principal-compenents so-
lution was obtained for the 19 X 19 intercerrelation ___ .

_matrix,of aptitude measures with 1s entered in the main
diagonal, ‘The criterion for the number of components

[T

Lo extract was Guttman's “weak” lower bound, the
number of eigenvalues of the intercorrelation matrjx .
that excéed umty The initia) solution was then rotatéd = -~
orthugonally using the Kaiser. normal varimax-proce=
The initial solution extracted five principal
components, which were then rotated. The fifth ad ,
last component, however, was difficult to interpret.
Since this component’s-eigenvalte was Flose to unity
{1.05), it was decided to obtain an initial solution of four
principa! components and rotate this solution using the
varimax procedure.

Component scores (Mulaik, 1972, p. 3292) on each of,
the four derived aptitude components were then cor-
related with each of the four achieverment tests. Since
the procedure for deriving the principal components
furces the components, and thus the component scores,
to be uncorrelated in the sample, it is possible to de-
termine the relative contribution to learning of each of
the iour aptitude cumpanents thmpgh ‘ultiple re-

o -

" gression, -~

Results

_Descriptive Statistics

The means, standard deviations, reli- ..

“abilities, and intercorrelations among the

aptitude and achievement tests are pre-
sented in Table 1, ept for the reliability
coefficients, these d¥ta were based on a
sample of 72 cases, with missing aptitude
scores estimated as described previously.
The reliability estimates were based on ob-
tained aptitude and achievement data only,

with sample sizes rahging from 72 fo 100.
—-‘weﬂnsidertheraptltude*mst'd"mfﬁsﬁ_ﬁ—'

general, the reliabilities were good. The -
median reliability -was approximately B4,
and 11 of the 19 reliability estimates fell in
the .80s and .90s. The four Culture-Fair
subtests had four of the five lowest reliability
estimates, but this was a result of their short

' test length.  The Tnanual to the Culture-Fair

tests sugge‘éts summmg the acores for a single
e

rI!‘he “lowest reliability wasTﬁi‘“th'ez’l'a'p"_‘
Memory test, where the correlation betWeen .

J——

e

ES

.

i i
RS e ____m._
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. " rectign. Little faith can be put in the apti- and the Vocabulary Il and Divis*iqfl testgall i
tude-achievemept relations for this aptitade loaded highly on thj é. .. -
measure. e """ "Table Interpretation test also had its highest
Several of the aptitude intefcorrelations” loading on this component. Since the eight
are. noteworthy. -The four Culture-Fair testsloading on this component werep.ll in-
subtests showed only low-to-moderate in-  dicative of scholastic achievement yet were
tercorrelations in this sample; Classifica- diverse in content, Component 1 appeared
tions, for example, correlated only .09 with  toreflect crystallized intelligence (Cattell,
—Conditions. The low correlations did not  1971; Snow, 1977) and was labeledas G, ———
justify forming a composite and gave little The second component was well defined
hope of defining a fluid ability component.as by two spatial tests, Card Rotationsand Map_. ... .
antidpated. The two perceptual speed tests— Planning, and two 6f thé Tour Culture-Fair —-——
correlated only .29, and both tests showed  tests, Series and Matrices. Some of the tegt
" higher correlations with other tests than they items in the Series-and Matrices tests . _
did with each other. Similarly, the two present figural content in seriated angular -
memory tests, Picture-Number and Map positions (i.e., rotated in the plane of the .
Memory, correlated only .21, and they too  page) and require a response that completes
shared more variance with other tests than  this series or matrix. The other two Cub 7
& with each other. This latter result was ture-Fair tests, Classifications and Condi- L
perhaps reasonable, since both tests were tions, do not have test items where the an-
markers for different aptitude factors. But gular position of a {igure or symbol is the .
the two perceptual speedtests, Finding A’s  critical attribute to identify for a correct

and Identical Pictures, both marked the response. It was reasonable.then, that Se- »

same factor and were expected to correlate  ries and Matrices shared considerable vari-

higher. ) ance with the two spatial tests, - -~ <~ -
Turning to the achievement test data, ‘Tt is not Unhcommon fortestsof fluid-abil-—

several points should be noted. First, the . ity and tests of épatial ability to lead on the
reliahility estimates for the four achievement . same componentmfactor.(Sﬁow,- 1977 Ttee
measures were all close to .80. Second, is likely that similar strategies can be used to
learning was good, at least as measured by  solve items on tests of both aptitude con-

‘the achievement tests. The mean propor- structs. Until more process-oriented re-

tions correct for the four achievement tests  search is conducted (e.g., see Hunt, 1974, on N
were .70, .74, .74, and .59, respectively. fluid ability and Cooper & Shepard, 1978, on .
Third, as one might expect, the achievement - spatial ability), it is perhaps best to label

tests were highly intercorrelated, with cor- components or factors like Component 2 of

relations rangifg from .55 to .77. this study as fluid-spatial ability (Snow, in
: . press). .

Component Structure of the Aptitude The third componerit was definfed by three
Intercorrelations — ~— tests of three different factors, Hidden Pat-

' terns (Flexibility of Closure), Finding A's
To reduce the number of aptitude scores - (Perceptual Speed), and_Picture-Number _
.to a smaller number of variables, an incom-  {Associative Memory). The F inding A’s test——_. ...
plete principal-components analysis was is similar tothe Hidden Patterns test in that
completed. - The initial and derivet-solu- both tests require one to overcome a complex
_» tions for the four aptitude components re- and distraqing visual field. In Finding A's,* .
tained, the communalities, and tFé. eigen- one must find a few words with the letter a
——values are-presented-imr Tablg-2-—TFo facili-embedded ima stimulus field composed of - —~
____tate interpretation, only correlations greater - many non-a words. In Hiddeti Patterns,
—_than 40 are shown fer the-derived solu- .one must find a simple figute embedded in .-
T on —— o — tor—fioure. — How=Rictas
~———The first component was dominated by  Number fits in is less clear. . This test mtiy
tests of school achievement, both verbal and = require a-similar cognitive: in
“numerical. The five subtests of the CTBS “disembedding would facilitate maintaining .,

— . . L e T e I T T e
-~ .- .
-9 . - PR . o
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....three tests- Maxk—tﬁree-aep&f&tefactors—iﬂi

- each paired associate distinet and sgpamte

from other paired associates. Gomponent
ity -

a%—e#esure companent and was tentatlvely

labeled as such. :

" 'The fourth component was clepr]y defined

& by three tests, Map Memory, Identical Pic-

tures, and Classifications Again, these

errorg of measuremgnt»for, each of the 419
“variables, and the products were summed for
“each component. This sum was then di-
—vided by the appropriate sigenvaluefor each
rotated compohent -and-subtracted-from -
unity. The estimated reliabilities for the .
four rotated components were .84, .71, 8%

Mmmmd&—

three tests are similar in that the response

--- requirement -is- -a -same/different decision -
-with respect to figural-information held-in-

visual memory. This suggested some sort of
visual comparison cegnitive process.
However, the diversity of tests defining'this
component made labeling difficult, and the
~ component was referred to merely as Com-
ponent 4.
¢ The reliabilities of the fourtrotated com-
ponents were estimated using an adaptation
of a procedure suggested by Mulaik (1972,
pp. 1771791 for estimating the reliability of
unrotated principal components. The
component loadings for each component in
the derived solution were used to weight the

_Ap_t_éeusie—Acbigugmeniﬁe!qt_i_t)__éﬁ.._..';,_‘__

~The simple, ¢orrected, and multiplecor:
relation coefficients between the four sets of -
‘component score and the four achievement
scores are pregghted in Table 3. Consider
the mulfi correlation coefficients Aflrst
which indicated the relation betweén all .
components takén together and achieve-
ment. The multiple correlations were quite
stable over time, showing only a slight d
-crease for predicting learning on Achi
ment Test 4. The aptitude é&o
accounted for 34%—41% of the4
variance in the four lea

Turmng to th

Table 1
Means, Standard Devietions, Reliabilities, and Intercorrelations for the 19 Aptitude -
Measure 4 5 N
I. Hidden Patterns 162.68 38.97 92°' e
2. Vocabulary-H=— 12.53 460 12 7 ¥ \\
3. Finding A's 45.72 1254 { 51 09 B4 e
4. Map Memory TN K 438 \" 3 -01 25 45 .
4. ldentical Pictures 66.83 10.27 27 -23 29 42 84a e
6. Division 18.79 10.57 29 26 24 09 07 92a ™
7. Neries 8.08 167 25 14 08 21 23 08 49k
8. Classifications 8.06 1.82 08 19 23 20 k¥ a8 22
9. Matrices - 9.07 2.20 34 15 22 22 20 21 44
10 Conditions 5.90 1.64 33 2 25: 15 15 17 16
L1, Picture-Number 15.51 7.39 35 18 46 21 13 27 00
12. Card Roetations 87.64 33.25 36 11 21 - 18 32._ 12 60
13._Map Planning - ’ +17.85 4.74 31 =02 25 11 33 24 40 "
14. Table [nterpretation 1015 2.09 40 27 28 20 15 26 15 >
15, CTBS Vocabulary 22.21 713 20 62 10 19 —-06 37 12
16.,CTBS Comprehension 24.89 7.7 3 59 33 18 10 43 15
17. CTRS Computation. 2769 - 953 1 98 43® @ 7 17 BTTR0
’ 187 CTBS Concepts 1649 532 | a3 44 28 17T 22 48 22
19. CTBS Applieations 10.11 4.23 4 53 15 i1 —-06 46 12
20. Achievement 1 13.43 3.50 32 31 ‘26 '!5 08 28 28
~ 2T Achievément 2 —— 11,07 —— 2. 725 - 09
22; Achievement 12.54 303 ) a0 17 WW«SG —
© 23 Achievement 4 9.4 3.44 f is3 31 12 32 06 32 36 "
Note. CTBS = = Comprehensive Test. of' Basic Skills. Decimals have been omitted from the reliabilities afi
tlcally sigmficant at the .05 and .01 lévels, respectwely “Parp 1= Pa_l_'t 1.2 ,gorr_glgn.d ng stepped vp by the

e / S T - :‘d;,_ _ﬁ__.__,,,--,ﬁuf----;-jéusexi»— il
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‘dxfferent pictyre emerged. Except for the

> e

WITTUHE—A‘CHIEVEMENT RELATIONS

B« N
Wherrprev:ous achievement was entered

G. component, whose contribution to_ —as a predictor alongsxdei:hefour_componant.—m—-—

-achievernent was fairly stable over time, two

scores, several details were added to the Te- .

of the other three.components related dif- :_sults presented earlier. ~ The beta weighft

fefentially to learning, The_fluid-spatial
component showed a decrease in correlation

. and multiple regression coeffimentsr for each
of the four multiple regressions of achieve-

at Time 2 and an increase TMMJMWWW
~——Tinre 37 ThHe Tlexibility of closure compo- achievement are presented in Table 4.

nent showed an opposite pattern, with an
increase imr correlation at Time 2 and a de-

—=:orBase N ¢orrelation aver the latter twotime

- points. Component 4 showed little relation
to learning at any time during instruction.
It is noteworthy that the two differential
aptitude-learning relations described above
are not trivial. The smallest and largest
corrected correlations for the fluid-spatial
component were .18 and .54; for the flexi-
.bility of closure component, the smallest and
largest correlations were .14 and .53.° Al-
though the dominance of G, was apparent,
both the fluid-spatial and ﬂexiblllty of clo-
sure components exhibited at least one cor-
relation close in magnitude to that exhibited
by G

€z

.- Measures and the 4 Achievement Measures

Adding previous achievement as an inde-
pendent"vanableaﬂowedﬂm‘pmk'ﬁpvé‘iﬁh”f‘“
as a predictor and decreased the welght glven
to the component scores. T

As one might expect, previous a‘chleve—
ment (primarlly immediately preceding. .
achievement)  predicted subsequent
achievement more and more as learning
proceeded on the.task. The beta weights for _
Achievement {Ach) 1 predicting Ach 2, Ach "
2 predicting Ach 3, and Ach 3 predicting Ach :
4 were .43, .45, and .54, respectively. By

- Time-4, the aptitude compponerits contrib-

uted little to the prediction of learning.
Notice, however, that even though the beta
weights for the components. generally de-
creased over time, the importance. of the--

1

4 9 10 1112 13 - 14 15

16 17 18 19 20 21 22 23

490 i

28 f7Th " b

10 S ) B U o

08 24 19 8 _ e -

18 40 300 29 9g0 -

10 29 1% 26 59 71 .

09 45 35 35 88 32 t0b R
i 16 16 34 25 16 14 45  90° o
Y. 25 28 43 32 26 - 18 49 BO 90 )

07 14 33 33 2% 31 40 58 64 93

18 27 42 34 28 24 44 5 67 71 B _ .

15 23 28 34 18 29 52 - 72 70 73 . 69 84 - R :

0 2% 34 27 39 25 44 51 54 49 55 53 83b | e

02 -28 - 23 26 23 2 50 41 46 54 55 51 64 76 s
L 18 46~ 35 16 44 26 50 48 41 I 51 46 55 62 80 _
T 14_T30 20 Hﬁ»—eaﬂ_za_io‘ 44 38 43 " 49 46 61 Bl T TR,

" intercorrelations. Rellablhttes are given on the main diagonal.
— Spearman- Bmwnfarmulaw_&ammenmlpha-%md r ronrtestmanum

’f .
Correlations greater than .23 and .30 are statis- .. .
T

oty
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Table 2 ’ ol .
T Initialand Derwed&mponent Solutwns Communalities (h?) and E:genualues far tﬂe Matru: ;
T ﬂﬂ{imd?intercofﬁ?latwns - o . -
= - EE— *
Initial solutioer. “ Derived solution
Test 1 2 3 4 - h? 1 2 Wﬂ," 8% 4
, ] = - i -
™ Hidden Patterns 57 34 =30 -14 55 : 64. -
Vocahulary 11 53 . =51 25 20 64 8 .
Finding A's 47 31 —a4 0l 61 i Y
Map Memory a5 : a8 -27 - 397 48 - . ~ 80
Identical Pictures 28 63 ~=19 - 32 - 62 . 63
Division =1 ~19 =17 =20 44 51 .
Series 38 46 60 - 00 72 80 -~
Classitications. . . 0 .- - 35 - 12 71 87 - T
Matrices - b0 37 26 04 45 ¢ BT - -
CCRdItions e e B — g e gy e .
- Pieture-Number 52 09 -4 -2 .52 67
Card Rotations 52 52 -8 —24 5 83
Map Planning 48 15 20 —41 63 7t .
b T'able Interpretation 68 o3 -2 -19 49 47 "
C'TBS Vocabulary 71 —d47 13 17 77 87 . M
("T'BS Comprehension 31 - 02 18 80, 85
CTRBS Computation— - — 78 —26 -08 -10 N —
CTBS Concepts 79 —21 -01 04 68 5
C'I'BS Application = i —44 05 - =06 T 84
Figenvalue ™= 6.6 254 142 1.24 * '
Note. C'TBS = Comprehensive Tests of Basic Skills. Decimals have been omitted from the correlat:uhs .F_Or

interpretive purposes, anly correlations greater than .40 are shown for the derived solution.
L]

flexibility of closure component at Time 2 sures were -—.05, -.05,.11, anc'lw.i(rll, I\t faée

and the fluid-spatial component at Time 3
remained, supporting the results presented
earlier,
At the suggestion of a reviewer, an addl—
—tiomal analysis was performed-as a check on
the validity of the reported’ aptitude-
achievement correlations. The reviewer
suggested that component scores on the first

——_two unrotated components be correlated

with each of the four achievement scores.

value, this suggested that G, and Gy, the
rotated componerts, were spurious, and in-
terpretation should have rested en G alone;- -
However, the reader should keep several
points in mind when evaluating the data
presented previously.

First, by computing component scores on
the profile difference Gy, — G, a restriction
in range occurred, since students high on
both Gy, and.G, and students low on both

The first two-unrotatéd components, ac- Gf, ard G, yeceived approximately thesagme—

“cording to the reviewer, represented G
(general mental ability) and the profile dif-
ference G, — G.. By correlating the two
unrotated components with achievement
one would be able totheck whether inter-
pretation should rest on G alone or whether

“there was value in basing interpretation on

- the rotated components of G, and G, .. <

score. This restriction in range may have
attenuated correlations with other variables.
Second, note that thé test variable of Iden--
tical Pictures received the most weight (.63)
of any test in computmg the (i, pole of the

_ profile difference Gﬂ, G. component score.

Yet Identical Pictures did not define G, in
the rotated solution and by itself correlated

When this analysis was performed, the ‘negligibly with achxexement "Ehlrd...cnma__
correlations betweerr G (unrotated Compo- ponent scores en the profile-differer =
nent; 1} &ind-the achie t measures were G did not represent entirely the sl;%

62, 61,.60, and .56; the corrW&“‘lmtweeu__ZLtruct as component scofes.on the rotated

"the profile difference Gy, — Gc (unrotated components of G¢ and-Gp-
“Componént 2‘) and the at‘hfevement mea- .. positive component score on il the profliedif-_

a1 —
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Table 3 ' correlat.ed . 61 with c¢ component scoreson G~
, S;mple Corrected and Mult;ple Correlation (rotated Component 1) an& .59 with com-' .
S— tweentheA ponént scores on Gy, (rotated Companent 2),
———Seo T sdapproximately
s Achievement mieasure 36% of their vanabglty
. Compo-. | -
nent AhT7777AthZ Ach3. "Ach4 Dlscussmn
. 4151 46* -42* 44° - The purpose of this research~was to"de-
1 L61) (58) (1) (56) termine if unstable aptitude-learning rela-
5 ‘-gg) (-{g) (-4514‘) H*g; tions would occur during the course of school _~
o5 et 7 M learning. ‘The results of this study suggested,”
‘g (.30) (.53} .21) (.14) that some- aptitude-learning relations-ate—
"""""""""""" ‘ 06 05 .16 10 not stable over time and that this instability . _.
SO S J&Oﬁlw w07 e 2B tbt—-{g-pxhiBited in différent apntud”s‘]ﬁmg Te- 4.
R ¢ s - - - " quired at differént points in time during in-
. e : o N struction. These findings supported most
Note. Numbers in parentheses are correlation coeffi-  Of the previous research examining aptitude

correlates at different stages of learning and
did not support the assumption made in ATI
research that aptitudes relate, equally to._ .
learning for the duration of a treatment.

Although the studies that have addressed
the question of aptltude requirement shifts,
including the present research, are sugges-
tive, they are few in number and have yet to.
establish whether unstable aptitude-learn-
ing relations are a phenomg_@:;gg__eng_ug}l
to warrant consideration in ATI research.
Good ATI studids are difficult enough to
complete without complicating matters.
But the importance of the results.of this . ---—-
study cannot be denied. If some aptitude— «
learning relations are not stable over time,
then the time dependency of such relations

v cients corrected for atlenuation. Since the component
scores are uncorrelated in the sample, the simple cor-
relation coefficients are also the standardized pargial
regression coelficients for predicting achlevemenl from
the {our aptitude compunents.

*p < .01

ference Gy, — G, meant that an individual
was high on Gy, relative to G, and having a
low negative component score meant an in-
dividual was high on G, relative to G;,. This
construet was different-than being-high or-.
low on Gy, alone and being high or low on G.
alone, although the two constructs were
correlated (as they must be). Component
scores-on the profile difference Gy, - G,

Tabte 4
Standardized Partial Regression Coefficients

and Multiple Correlation Coefficients for

Predicting Achievement (Ach) From the

_ Aptitude Caompaonents and Prévious

must be recognized if consistent results are
to be obtained in ATI research. This would
entail co!lecting learning data at different

Achievement points in time and performing a series of ?
S sequential statistical analyses. This may
) " Dependent-measure-————yy5t-tew-bad-suggestion foraiHinstruetional — ..
Independent . h. -R h h N
rieasure Ach i Ach2 ‘Achd Ach4  Tesearc esearchers have usually em-
ployéd outcome measures at the end of in-
Component struction to quantify learning while ignoring
1 51* .25 .16 04 changes that occur during learning, But it ]
2 27 .32' A3 05 is the process of change, from ighorance to
3 oy i—=dil—=10-  competence, which should be the major focus - - -
Achievement T ) ) _of instructional psychology .
1 43 0 21 At a general level ope can speculate that

P

nature of learnin 1tself Impllclt in all
earning is that learning extends

R 63 —
Zorpent R _Jntnno and-thatlearners- changvdurmg‘tlfé“’“ P

Y
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“course of Iearmng Glaser (1976), for ex-

ROBERT B BURNS e

- - - ot

e

- =
Ieammg, that are in some sense cry:talhzed as uqxts for’
-use-in‘Tuture learning— Since theseare-products ofpasf:‘ —_-

~~ ample, has desctibed foiii kinds of changes- -

oceurring between an early sﬁige of compe-
tence characteristic of the novice and a later
stage characteristic of the expert:

 {a) Variable, awkward, and crude performance changes
to performance that iz consistent, relatively fast, and

_. precise. Unitary acts-change into larger response in-
tegrations and overall strategies. (b) The contexts of
performance change from simple stimulus palt,emswnh
a great deal of clarity to complex patterns in which in-
furmation must be abstracted from a context of events
“that aré not all relevant. (c) Performance becomes.
increasingly symbolic, covert, and automatic, b The,

T

" learner Tesponds increasingly to internal representa-

_. fions of an event, to internalized standards, and to in-

ternalized strategies for thinking and problem solving.
{d} The behavior of the competent individual becomes
increasingly selt-sustaining in terms of skillful em-
ployment of the rules when they are applicable and
subtle bending of the rules in appropriate situations.
{p. 9 - >

-

It is clear from Glaser’s description that
- early forms of learning are quite different
from later forms of learning. It is reasonable
to suppose that shifts in aptitude require-
ments may underlie-the transition from
novice behavior to.expert behavior. What
is not clear, however, is the form that such
shifts might take. One possibility is sug-
gested here, .
Suppose we view any instructional treat-
-ment as consisting of two sources of aptitude
requirements, those associated with the
method of instruction and those associated
with the content of instruction. Then it is
possible that each source would demand a
certain set of aptitudes. In particular the
hypothesis is offered here that G, is the ap-
titude required primarily by the method of
instruction, whereas more specific aptitude
constructs, like fluid-spatial ability .and

-

flexibility of closure; are the aptitudes Te-—
quired primarily by the content of instruc-
tion.. These two sources are often con-

‘foundeg, in ATI research (Fleishman &

.- Bartlett, 1L969).

To develop this hypothesis, it is necessary
to briefly examine the nature of the abilities
suggested Previously. Accora ing to Snow

~= —-—-{irpress); G; represénty

™

-_the long term accumulation of knowledge and skills,

education,-and-sinee-education 15 Tn IRIEE PAFAGEU =25
muldtive, transfer relations between past and future - .
learning is agsured. The transfer need not be primarily
of specific knowledge but rather of organized academic
learning skille. Thus G, may represent prior assemblies
of performance processes retrieved as a system and -
appliedanew in mstructmnalmtlmtmnsnotuni:ke those— -~
- experienced i in the past ) T -

If this description of G. is accurate, and G.
transfers not specific knowledge but rather
general learning to learn gkills, then Giin ..
some sense transcends the particular content

of inS¥fiction; 1t Wotild yepresent & getieral ™
_setof skills to handle how the instruction was’
presgnted to the extent that the instruction
was representatwe of instruction students _
experienced in the past. It would be ex-
pected that.G, wouldexhibit-a fairly stable
relation to learning for the duration of a .
treatment:as long as there Were no drastic .
changes in the method of instruction.” Such

-a trend was observed in the present re-.
search.

.Now consider the other twe components
identified in this study, fluid.spatial ability
and flexibility of closure. According to
Carroll (1976), spatial ability is a short-term

" visual memory process whereby a configu-

ration is mentally rotated. Flexibility of
‘closure is also a short-term visual memory . .
process, but rather than rotate a configura---— -
tion, the configuration is imaged in relation
to its surrounding context.

Considering the relatively specific cogni-
tiye processes apparently involved in these
aptitude constructs, it is difficult to imagine
how they could be required in any major way
to be a method of instruction. Very few in-
struetional methods would appear to require
students to mentally rotate some configus ——
faaen—fepexample,—Bumusteasonahlﬁxn_h_
assume that such processes could be re-
quired, at certain times, by the content 5 a
learning task. If this reasoning is correct, it
would be expected that such requirements
might change during the couise of learnmg,
depending on the conterX that is being
learned at a giverin{jme. C tamqpptatude—
- learnin Gild e - expectad
demonstrate instability over time, much like
the fluid spatial and flexibility of closure ° -

Torganizeq into tunctional coghifive-system$ by priof

componen m i




Thls hypothes:s suggests that the reason

strate a tirmeé dependency-is that-thdy. reflect
mainly -the content reqpirements of in-
struction. Other aptitudes, reflecting thé
method requirements of instruction, would
be expected to demonstrate relatively stable
relations to learning. It is possible that this
interpretation accounts for the fact that’
broad aptitudes like G, usually demonstrate
more consisteit ATI results than more spe-
" cinlized aptitudes (Cronbach & Snow, 1977, "

especially chipud).
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