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ABSTRACT

The Joreskog -and Sorbcm LISREL method is. 1nvest1gated as
< an alternative to regress1onoanalys1s in studies of ., -
aptltude—treatment 1nteractlons (ATI), to solve problems
caused by unrellabillty of measurements arnd by large
sets of variables. A stud reported by M.J. Behr is ~
reanalyzed The study in estigated relations’ ‘between

~  verbal and figural aptitude variables and outcome

'/ '/iyvarlables within oneé verbal and one figural treatment
e

teaching modulus ‘'seven; arithmetlc. The relations

between latent aptltude variables and latent outcome

varlables are studied in 4 LISREL models with either

1 or 2 latent aptitude varlables, 1nterpretable as a

general factor and'verbal and flgural ablllty, respectl—

vely, and with % sets 'of latent outcomeyvarlables,

interpretable‘as learning/retention and comoutational
\speed/understandlng No s1gn1f1cant 1nteractlon is -

found, but tendenc1es ﬂbwards 1nteractlon are noted

It is concluded that LISREL has several advantages in

. the analys1s of ATI studles, but also that tHe power

of the test®of ATI effects is low, particularly when
dhthere isha hlgh correlatlon betwéen the latent aptitude

yariables. . . Q ‘




. Cronbach and. Snow (1977) stated that "TIdeally, every ATI

2
/\/ |

In research,on.aptitude-tieatment interactions (ATI) thel¢

' INTRODUCTION

-

interest is focussed on joint effects of instructional
treatment and individual differences. The standard procedure-’
for analyzing,aata from ATI studies is to\regress outcome
varlables one at a time on one or more aptitude variables
within treatment groups and to6 test ‘for homogenelty/of

the within treatment regression slopes (Cronbach &. Snow,

1977, ch. ny o 3

However, the ®rdinary regression analysis of ATI data is

not free:from problems. The regression on an observed

aptitude wariable is d1fferent>from the f%greSS1on on \
the true aptitude variable-when it is riot perfectly

rellable; errors of measurement in the aptitude variables

thus bias the tests and descriptions of ATI effects.

“st\?y would anmlne the regression of outcome onto the
true apt1tude score... This,.,.. regression will have a
different slope than the observed-score regression, aﬁd
under some circumstances the apparent interaction may

be radically altered. Important as this matter is, it

"has been ignored in ATI research to date..." (p.34).

} . ‘ '
The probfem is seve%p enough when only one aptltude varli
able is. conS1dered(ﬁut it is aggravated in multlple
regression (Cronbach & Snow, 1977, p. 36). Furthermore,
an additional complication aris?ggfn the regression based

*appreach to the analysis of ATI|{data when there are many

variables. Then a great many regression coefficients are

estimated and tested, which makes for chance signifiéan—
cies and tends to\give rise to complex patterns of results
which are hard to interpret. ~

In this paper an alternative approash to the analysis of ' %(

ATT data will be illustrated ~- the LISREL njethod of A?
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,‘ /éoreskog and Sorbom (see J&reskog, 1970, l§73; 1974;
Jéreskog & S6rbom, 1976, 1977, 1978). LISREL (LInear \
Structural RELations) is a method, ‘and a .computer pro-
gram, for analysis of linear structural relatidns between
-var1ables, which may be e1ther observed or latent. When
“ | latent variables are studied a factorlal structure is
\\\ " imposed .on the opserved variables, which structure serves
" to 1dent1fy the latent variables and allows est1matlon
.of the error variances {i the observed variables, In
this way several observed variables may be reduced tos. -
| fewer latent variablés and relations between true
variables rather than observed variables can be studied.\
. > ’ . TS
_ It cannot 'be taken for granted "however, that LISREL only ‘
has advantages when. applied to analyS1s ongTI studies: L -
The method is built on strong assumptlons concern1ng the
nature of the dafa,,not only consistency of the,estlmates
is of importance but also their variance, just to mention’

.two possible sources of problems. There seems)thus to be a

<
need for empirical studies of the applicability of this
alternat1ve method in the analysis of ATI aata

“ a

Z<&\ ~ One purpose of the present stddy jis to~make such an
. appraisal of the problems &nd virtues ofézgngL The -
by Behr (l967),

which was chosen because it 1ncluded several aptitude

P! - ’ study is a reanalysis of a'study present

and outcome var1ables and because ‘the present authors

ﬁre familiarx W1th the' substantlve probl studied by - :
rJBehr° S 3 f

L l . Behr 1nvest1gated the hypothesis that tests of verbal

ab;llty are more h&ghly correlated with achievement in
K > a verbal treatment than in a figural treatment and that . . .

- . -tests of flgural ablllty are more hlghly correlated with )
f achfevement in a flgural treatma%t than in a verbal

‘trpatment (cf. Gustafdgon, 19767. This was, one. of the
. first ATI/hypotheses to be suggestéd and several of the
e early ATI ~st ieshzgf wh1ch the Behr studyqls one, 1nvest1—\_

gated this_ hypoth s C N

‘ - : . "n'\,




P

Behr used 14 aptitude variabels; about half of them were
verbal and half of them were figural. One. group of subjects

studied a verbal symbolic (VS) programmed teaching matergial

-and another group of subjects studied a figural- symbollc

(FS) teach1ng material. The study 1ncluded 7 outcome: : K
varlables”Kfor a more detalled descr1ptlon of the Behr

study, see below)- A

Behr investigated interastiqps by comparing the within-

treatment regresSionsﬁofﬁeach of the dependent variables

on each of the aptltude variables. Abont a dozen'signir e
ficant interactions were found, and almpst all interactions ‘

were .due to a steeper regress1on on verbal tests in' the
2
VS treatment than in ,the s treatment O
N 3 1'\: /

. ) . (
In their review of ATI research Cron:g?h and Snow (1977

p. 286) made a simple reanalys1s usi flgures presented

by Behr For one outoome\they su qu{ ’éregFeSS1on > e N
coefficients of aﬁi‘tpe figural azsﬁﬁW@eparately for ' N
the two treatments. This proceduregwa ‘fépeated for the 3 -
verbal tests. The sum for both grodps“pfhtests yas hlgher s
in the VS treatment, even thqughethe dlffenencelw&s

smaller for the‘ﬁ“qgfal tests. %roqbach aﬁﬁLSnow drew

AN

the conclusion that a general fattor was more assoc1ated \SJ
with ach1evement in thb VS than 1n the FS treatment.'T _ .

pe

_ 1 | L S
Gustafsson (1974, pp, 15- 16,qcf' ‘Gustafsson, 1976, P- 56)

presentéd'another simple reanalysis of the Behr study .

R//o

and one flgdral test at a time were. entered into separate o

The most reliable tests were selected and one verbal 3

_multlple regreSS1on equatlons for the two treatments/)lt

was found that one flgural test that had a hlghegnzerof

P
A

order re?ress1on coefficient in the FS treatment, in
the multiple, amalys1s came out with a much hlqher,partlal
regression coefflclent in the FS treatment than in the .
VS treatment. This result was interpreted as a very
weak;tendency towards interaction witﬁgfignral ability

%

e
w
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and since the interaction with verbal ability seemed
relatively well established it was concluded that the
.Behr'stuqy gave some support to the verbal/figural ATI
hypothesis. Three different conclusions have thus been
drawn from the Behr study: Behr himself stressed the
results obtained with each particular aptitude variable;
Cronbach and Snow interpreted the effects found as being
accountable for by general ability; and Gustafssoﬁ, ey
finally, saw‘some value in the distinction between Qerbal
and figural abilities. In addition to the, methodological
‘purpose of studying the applicability of LISREL, another
purposé will be to .see which, if any, of these conclusions

‘receives support.

METHOD @

The Behr study

The subject matter taught—in the Behr study was modulus seven
arlthmetlc In both the VS and FS treatments algebraic symbols
‘were used but in the VS treatment this information was supple-
mented with verbal information. In the FS treatment flgural
information was added to the symbélic presentation. The‘figﬁral
material was of low complexity, consisting for example of a.
circle with whlch the arlthm tic operations were 1llustrated

as movements along the C1rcl

N, v
Thé aptitude varibles were selected to correspond to cells
in the Guilford- (1967) "Structure-of-Intellect (SI)“ model.\
-Of the tests, 6 had a flgural content (-F-), 5 had a semantic
(verbal).content (-M-) and 2 had a symbolic (numeric) (-S-)
content. In addition there was a test, called Integration,
which was not classifiable in the SI structyre This test
gave verballv “formulated 1Q§Lxuct10ns concerning directions.
It can be hypothesized that thlS test measures figural -
ability; it comes quite close to the task which Brooks .
(1967) in experimental studies has shown to be of a spatlal/

figural kind. TwoO kinds of operations, cognition (C--) and
i . ‘



memory (M--), were represented among the aptitude variables.
Most of the product categories were also represented among
one or more of the tests: units‘(--U), classes (--C),
relations (--R), transformations (--T) and impiications
(--I). Table 1 displays the tests used, their coding in

the 85I system, the number of items, ang the time limits.

3

. Insert Table 1 about here //
T ad ) ” s .

[}

It can be observed that many of the tests are quite short,
with a very limited testing time, which is partly due to
the fact that Behr.in most cases qsea shortened versions

of the tests. N

[y

s

Three critetion measures werg determined: Time used to

study the program (TP), a Learning Test (ﬁT) score and a
Retention Tést (RT) score. The LT was administered two days
after the instruction and the RT two weeks'aﬁter the A
instruction. ‘

The LT was w;itten in five parts, Part- I was a speed test

of modulus seven addition and subtraction. Parts II, III,°
IV and V all dealt with structural properties of the modulys
seven system, but contained different kinds of items. Two
sub-test scores were derived from the LT: one consisting of
the score on Part I (LA) and one consisting of the sums of *
scores on parts II-V (LB). Behr used the two sub-test scores

as dependent variables, along with the total LT score.

.

The RT was a parallel form of LT and ﬁas written with other

v

modulus’ seven numbers in the items or with changes in the

order of the questions or responses. Also from the RT two

' sub-test scores (RA and RB), corresponding to those in the

LT, were derived and used as dependent variables along

with the total RT score. i \

Subjects in the study were prospective elementary school

iﬁeachers, there being 120 and 108 subjécts in the VS-and



FS groups, respectively. The subjects were randomly assigned

to treatments.

Thrbugh assembling information presented by Behr in tables
and gppendiqeé it was pdssible to construct the within °*
_ treatment covariance matrices. It must Be mentioned, however,
that one of the correlations presented by Behr was -changed.
For the FS group the correlation between CFRand MMU was
reported to be .71. This correlation is by far the highest
correlation for any two aptitude vardiables and is probably
due to a typing error; it was therefore replaced with the
value .17. ' { 0

S
LISREL )
The LISREL approach, and Feiated,ones, has been descrig;d
in several publications-(e.g. Joreskog, 1970, 1973,.1974;
Jéreskog & Sdrbom, 1976, 1977, "1978). Here onlyta very
sketchy descriptipn can be afforded. ’ )

. ¢ .

The LISREL model consists of two parts: the measurement
models for the dépendent and independent variables, in
which latent.variables (common factors) are defined in
terms of the observed variables, aﬁd the linear structural
eguatién model, in whiph the relatignsvbetween the latent

variables ‘are specified.

There are two sets of observed variables y = (yl,yz,...}yp)
and §‘= (xl,xz,...;xq), corresponding to dependent and
independent observed variables rfspectively, and two setsh
‘of latent variables n”= (nl,nz}...,nm) and £7= (£1,E,,
...,En), corresponding to dependent and independent latent

o »
variables respectively. There are also vectors specifying

thé unique parts Q he y and x. variables, 7= (el,sz, .
...,rp) and §‘=; _ é,,..,&q) and a vector specifying the
residuals in the structural cquations system: 1.7= (Ll,aé,

...,f,m), C. . -



,

In LISREL the relations between the latent variaples and
the observed variables, and the relations between the
latent variables are specified in up to eight parameter

. \
matrices:

A, is a factor loading matrix of order g x n, for the.

* regression of the x v ables on the §'variables.

ﬁy is a factqr loadiné.m:§iﬁx of order p x m; for the
regression of the y variables on' the n variables.

96 is a diagonal or s;mmetric‘matrix of order g x ¢ ’
containg the covariance matrix for the unique parts
of the x variables. C | C

QE is a di;gonal or symmetric matrikx of order p x p
containg the covariance matrix for the unique parts
of the ¥'variableé. ,

? is a diagon@I‘or symmetric matrix of order n x' n
containg thwe ar #gi;’matrix of ‘the £ variables.

Y is a diagonal or gymmetrid matrix of o;der m x m for '

the residuals (disturbance terms or errors in equations).

L3

relations between the ¢ and the n variables.

is a coefficient matrix of order m x m for the structural

[os)

relations among the 1 variables. “
The measuremen* models for the x wariables is written:

X = ng+§,

h A
and for the y variables it is written:

= A nte.
y = Ajnte )

The system of linear structural equations has the form;

Bn = T1'¢ + . : -

/
Specifying a LISREL model involves specificafion of the
nature of each element in\ the parameter matrices (the
elements will be referred' to with small Greek letters).

!
Y

- .
is a coefficient matrix or order m x n for the structural

R4



The elements can bg of three kinds:'a fixed parameter,
i.e. the parameter is assigned a given value; a free
parameter, i.e. the parameter is to be estimated; and a
constrained’ paréﬁeter, i.e. the parameter is to be
estimated but it is constrained to be equal to one or

more other parameters.

If the model is identified, i,e, if there is a ﬁnique
estimate of each non-fixed parameter, the pafameters can
be estimated with maximum likelihood methods from the )
sample covariance matrices, using the JOreskog and SOr-
bom (1978) LISREL4 program, for example. Each épalysis
of a fully iden£ified model not only yields estimates of
paramesers but also an overall x2 Eest.qf the goodness
of fitito the model,/along With standard errors of the
estimated parameters..Through computing the differences
between the values of the test statistics obtained with
more and less constrained moaels, i.e. models differing
as to the number of parameters estimated, it is also
fpossible to fest the signigicance of subsets of para-

v

meters. . ~

So far‘the presentation of the LISEEL model has only

dealt with the case when there is one group only. However,
the LISREL4 program handles several groups as well, and
through constraining parameters to be equal in several groups
it is possible/to test the equa}ity between groups, eith@r
of all the estimated parameters or of subsets of the pqré?

meters {(cf. S6rbom, 1978).
/ . Al ’

In ATI applications of LISREL the main interest is of

course centered orf the f coefficients, which‘foughly corres-
pond to the within-treatment regression coefficients and it
is a rather straightforwafd précess to estimate thesé
within the treatment groups and to test them for equality

between groups. ‘ .

12

[

~
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P It was suggested .by Joreskog and Sorbom (1977) that it
ﬁg=&:f .may be .a good sgrategyvto construct the _full. LISREL model

T T Cin steps, start&ng with the measurement models and then
A .' dnly at a later steg flt these together through the linear
1T'structural equatlons. Tgls is the strategy followed here,

éhd we. w1ll start w1th the measurement model for the -

faptltude variables.

- . o
e . T ’ T o
i e e .
e . I T » : S R £

) : ) , . ) .

Measurement models- for the aptituﬁé variables
JEach_of'the'cells'ln the Guilford SI-system supposedly
‘defines a unique factor-and since in the Behr study only

one tes# was sampled from each cell it could, from the

{ K

SI poiﬁiwa view, be argued that no attempts should be
made to account for these wi¥h a smaller set of common
factors. However,’apart.from.the fact that the inter-

K correlations among the factors defined in the SI-system
have not been much studied, it could be argued that the
SI-system is so elaborate as/ﬁd/ge impractical. Cronbach

and Snow said:

. "if as many abilities as Guilford recognizes must

- be recogrnized, hypotheses about ATI will have to
be finely differentiated and very large samples.
will be needed to establish weightings for separate
abilities. The prospects for sucessful ATI research
would be much enhanced if it were decided that a system
simpler than Guilford”s accounts for the ability

- differences of long-run practical importance."

(Cronbach” & Snow, 1977, p. 155, emphasis in original).

Cronbach ,and Snow (1977, Pp. 155-160) made-a partial
assessment of the SI system and presented some reanalyses
of correlation matrices. They concluded, among other _
things, that tests with a similar. "content" tend to inter-
~correlate but that tests calling for the same kind of

"product” are not fygfctionally similar.




v >

v . There- are thus strong .reasons :to 1nvest1gate the

' poss1b111t1es to reduce* the many observéd aptitude 7

e
a

: -varlables in the Behr study to a smaller set of common

factors . :fﬁ;,;

- . T, -, )

—_— e
:When LISREL is applled o develop the measurement models
a sequence of conflrmatory factor analyses 15 carrleQ%N
out. To get some information about-the dlmenS1onallty of’
* i \ the.latent space one . ord1nary exploratory factor analysis

was first performed w1th1n each treatment group. These.
analyses indicated in the flrst place, that the two -S-
tests had very llttle in comgion with the other tests, and
they were therefore .excluded. The sequence of elgenJalues
indicated, secondly’, that there in the groups were 3 or 4
common factors. There wefe, howeverﬁ'some differences in .

~the size and pattern of‘loadings for the two groups.

It seemed a good strategy to 'start with'few factors in the
confirmatory analyses. and then add more factors if necessa-
ry. A l-factor model was fitted, and also a 2- factor model,
with one factor def1ned by all the -M- tests, and the other
factor defined by the -F- tests. For each of these cases
two solutions were made; one in whlch the paraméters were
specified to be the’ same in the two treatment groups and

one in which no constralnt of equality was impcsed. The
results from the tests of.goodness of fit. of these four.
solutions have been entered in Table 2, along with the
appropriate differences to test equa'ity of the solutions

in the groups and to test whether thé 2-factor solution
is s1gn1f1cantly better than the l-factor solution. _ !

o

Insert Table 2 about here

No significant difference is found between the solutions

for the treatment groups. The tests of the differences

between the 1-"and 2-factor solutione indicate a significantly
N,




! .
IS

better fit for the 2—factor solution. Furthe;mgre, the

6 . overall evaluation of fit of the 2-factor solution gives
. . a value of the test StatlSth which is slightly lower /

\\\\\ ‘ than the critical value. Thu even though the fit of f

- the verba\/flgural solution is far from perfect it is

“

~

for the present purposes considered acceptable. ‘ @f

ft been set it would of course

Had higher standards?of :
AR g3'factor, and perhaps a 4-
ers, . though it will. not be 1llustrated
here wée would llke tg.m:ntlon the avallablllty -of another
' strategy to obtain ﬁ;t without addlng further factors.
+ Often the specific parts of some tests correlate because
the tests share certain characferistics. such as being
administrered at a common occasion, or having siﬁilar content,
or requiring the same type of answers and so on, In contrast
with ordinary factor analysis the correlatlons between the
errors of measurement need in LISREL not be: assumed to be
zero, but can be set as free parameters to'be estimated
(cf. Sorbom, 1975) , which may at times befa better strategy

@,

than to introduce additional factors.

L4

In Table 3 the standardized factor loadings estimated
within each treatment group are presented. The factors
will be labeled the figural and the verbal factor respectively.

Insert Table 3 about here

It is, however, difficult to characterize the nature'of the
factors moré closely on the basis of the size of the loadings,
since the differences between the groups tend to be almost
as large as the differences between the tests. There is a

13 tendency for the figural £ Etor to display higher loadings
in the' VS group than in the FS group. Tests ofrthe equality
of each loading show that among the figural tests there is

one significant difference between the treatment groups;

. A
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for MFU a t value of 2.63 is obtained. The dlfferencesJare
smaller and less systematlc for the verbal factor, but

there is a s1gn1f1cantd1fference-for the MMR test/ﬁt; 1.97).
> . ) " _

It can be observed that fé& many ofwthevtests the communa—,
lity is very Jlow, One reason forvthis is that the reliabi-
lity of the tests must'bewlow,since they are often very
short. Another reason might be -that each test brings, much
'specifi ity; this is'of'course to beuexpected'oh fhe basis
of SI- t:%bry Wlth LISREL however, it is’ not in a model
like th1s one possible to obtaln separate estimates of the

spec1f1c1ty and the errors of measurement as such.

The ‘factors are very highly intercoérrelated; in the VS
group the correlation is .81 and in the FS group it is
.80. Even though these correlations are significantly

different from unity they are so high that there is very

little information in the verbal/figural ability distinction.

_ i

Two reasons can be cited why rn this case the .correlation:
between the factors is so hlghﬁ It will be recalled that
the sample was drawn from'a pcpulation of prospective
elementary school teachers;- thus it is llkely to have ¢
been all, or almost all, female and it has repeatedly been
found that the flgural/spatlal factors are weaker among
females than among males (e.g.Werdelin, 1961). Secondlv,

it has been shown that certain figural tests are Quite
amenable to solution with verbal/reasoning kinds of
processing (cf. Gustafsson, 1976, ch 2). Most of the figural
tests used ky Behr are likely to be of that type; the tests
on which verbal/reasoning strategies are less successful
seem to be those with less complex stimulus configurations

y fid which place higher demands on speed (such tests are

classified as CFS in the SI system).

Furthermore it appears that the ch01ce of tests and the
ch01ce of subjects interact to produce a high correlation
between the factors,'s1nce females in particular appear to
lrésort to verbal/reasoning strategles whenever possible

(Gustafsson, 1976, ch. 6).

4 - -
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‘,andfthe TP measure cannot alone define a "time-factor."

2

In spite of the high correﬁatlon between the factors the
2-factor model will be used as a measurement model for

the aptitude varlables. However, the 1- factor ‘model will
be‘ used as well, to contrasfﬁIhterpretations’in terms.,of

general ability w1th interpreations in terms of the

.
verbal/flguralﬂdlstlnctlon.w
4

A

Méasurement model¥ for the dependent variableﬁ?

> ) . N - L 7

In the measurement mod’ls for the dependent var1ables'
only the sub-test scores (LK LB, RA, afid RB) will be
used, the total scores: can_of course not be .included

since they ‘are linearly depehdent-on the sub-test scores,

With 4 dependent variables it is,possible to define a
2-factor model and still have 1 degreeﬁgféﬁreedom left

to test goodness of fit. It should be pdé&€sible, however,

to define two potentially meaningful 2—faqtbr solutions:
either on€ learning factor defined by LA ‘and LB‘and one
retention factor.defined.by RA and RB;-or one computational
speed factor defined by LA and RA and omé — factor defined
as understanding of the structural properties of the system,
measured by LB and RB. Both these possibilities will be

investigated.

P Q

Basing the ahalysis on the correlation matrices -the lear-
ning/retention factors were first postulated. In both ,
groups an exceedingly poor fit was obtained (VS: x? =
49.9, df = 1; FS: x¥ = 29.0). Testing the equality of

the estimated parameters for the two groupF, no significant
difference was found (x* = 6.0, df = 9). '
The poor fft within both treatment groups may in

this case be due to correlated errors of measurement;'

the common content of ‘the LA .and RA tests on the one hand

and of the LB and RB tests on the other can be suspected

'to-cause'e and 0 _ to be larger than zero. Since

€La,RA €LB,RB
s 4

53
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the model has only 1 degree of freedom it 1s not posgiple
to estlmate these ,two correlated errors here, when
variables are' added this is, however, possible (qoreskog
& Sorboem, 1978, bp. 22-28). ) ' ~

« .

- It is nevertheless'pOSS1ble to obta1n an 1nd1Tect appralsal
of the effects of the correlated errors of measurement A
maximum llkellhOOd estimate of thercorrelatlon*between -

Ny and ng can easily be obtained (Jéreskog & Sorbom, 1977, ,

P- 293). If th1s estimate is lower than the estlmate ob-

ftained when the assumption 1s made that the errorséof
- measurement - hre uncorrelated this can only be because
the correlated ‘errors contribute to the latter est1mate.
Allowingﬁfor possibly‘correlated errors the estimates ?f

Y the correlation betweeén nL and N were .79 and .91 in

* the VS\and FS groups, respectively; suming uncorrelated »

s\'é/r .99 and 1.08. Thus,

. when uncorrelated errors of measurement are assumed the

errors the correspondlng estimate

learning and retention factors collapse, but when the
effects of common test content are partialled out the
factors appear to be distinct, at least within the Vs

group.

Within the measurement model only it is not possible to
make proper tests of whether one or both of the sub-tests
- contribute with correlated errors. Within the full LISREL
model; where the aptitude factors have been added it is,

however, possible to obtain t-tests of the estimates of
these parameters. Bringing in thege results already here
it is found that the t-value for the estimate of the
covariance . between the errors 1n LA and RA is 5.06 'and
2.92 in the VS and FS groups, respectlvely, for LB and
RB the‘%orrespondlng figures are 1.65 and 1.05. Thus,

the correlated errors are higher for computational speed,

and particularly so in the VS group. ,

\'\
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Behr. found a signifi&antly higher variance for RA and
' RB in the VS treatment,(Behi, 1967. pp. 42-43). It can
thus be éXpected that diffe

- treatment groups when the covariance matrices are analyzed\

ences are found between the

1nstead of the correlation matrices.,Th is indeed the
g case, there being a highly s 1ficant value for the fest

. o statistic (x?= 31.9, df = 9)Qg}
-possible to apply DISREL to test subsets of the parameters

pd .
t zpuld of course also be « 3

TR to get. 1nformation about which variances differ between
s the treatments ,this is hardly necessary, though,’ s1nce
the conclus1ons from such ahalyses are not likely to .

differ from the' conclusions drawn by Behr.
l‘ /ﬁk\d N ", ” : \ : - .. ” | o "
The correlated errors of measurement ‘found above are _i
clear*indications that ,LA and RA form one factaor and that
Aé?l LB and RB form another factor. Testing the hypothesis of .
o . this 2-factor structure among the dependent variables a.
+» . somewhat better fit than when the learning/retention = ' 51
" factors were gnvestigated is obtained in both groups
(vS: x2? = 218, 4af = 1; Fs,-'x2 = 4.1, df = 1, p < .04).
. The fit is obViously better in the FS group than in the
VS group, still a test of\_henequality of the estimated
parameters (fyom the corrplation matrices) is far from
s1gnificant (x? = 4.6, df = 9). Since it &as shown above e
that the learning/retentign factors are identifiable, at
least in the VS group, the'reason for the poor fit of' e /\
. the speed/understandingffactor structure must be’corrg— v

lated errors of measurement._
. ) - N
- "‘/. . .

-

A!ﬂow1ng for correlated errors of measurement thezgstimates“'

of the correlation between the factors were .65 and .72. in
the VS and FS groups, respectively. Assuming the errors to.
be uncorrelated.the estimates were .70 and .75. These
-, figures indicate that the speed/understanding  factors are
‘ stronger than are the learning/retention factors,‘and that
the differentiation between the factors .is more clear in
"the VS than in the FS group. Using results from the full
Qo 'LIS§EL model the t-value for the covariance. between the
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errors in LA and LB 1s found to be l 44 and 1. 39'1n the "

ely, for ,RA and RB the‘corres-

vs and F§,groups, respectr
.20. ,Qgédﬁxlt“is foUnd that i

/.

, . / : e N
. The analyses of the dependent'variables thus§have shown'
- that it is pOSS1ble ﬁ&‘deflne two measuremeMt mod&ls,,one
ff . with ‘the speed/under§tand1ng factors, w1thjthe effects of j
the’ two occas1ons of. measurement tahen into account; and .
ﬁyﬁone w1th the learnlng/retentlon factors, w1th the&éffects “ . ;
‘of the commion: content: in the test taken 1nto ~account. »\ N

."

J/: - Both these mea!urement models will be used in the analys1s-
j‘ v

of the structural "relations within treatments. N
i . ' . . NS
- . s » '

-

o
- . . .
1 . -

Structural~rélationsdalthin-treatments ,
: T8 — , _
Havlng deyeloped the measurement models for the aptlthde*l,
varlables angd for the outcome variables it is now time to .
'}g J f1t these together 1nto‘the full LISREL model, and to study-;“,
the structural relatlons w1th1n treatments. .
| [ . . ’ i

b It was decided tgjuse two dlfferent measurement models

- " for the aptltude var1ables, one l factor model only

: represent1ng a general fagtor and one 2- -factor model w1th
““the verbal/flgural factors. Also for: the dependent‘varlables
i . two measuremontfmodels were defined, one contalng the:

learnlng/retent on factors and .one conta1n1ng the speed/ ’,ij

uy understandlng factors. Comb1n1ng these measurement models -
we get 4 full LISREL models. a

¢

_/ ' i> : In Flgure 1 the LISREL model for the verbal/frgural and };."fumgf
speed/under tand1ng factors isg shown, us1ng tHe followlng N
symbols;: Latent varlables are enclosed in C1rc1es,‘observed /ﬁ

A variables, are enclosed in squares, and errors of measure-.

| “ment and disturbance terms are 1ncluded w1thout be1ng ,;-7; :,3,,

“ d enclosed A stralght one-way arrow 1nd1cates a’ causal 5

1nfluence of one variable on anothem.and curved two-way o

arro&s indicate. correlatlon between var;ab}es w1thout any Loy

.caUSal 1nterpretatlon (cf Joreskog & Sorbbm ,1978) s I

BTN
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Insert Figure 1 about here

iﬁ S B
Only one figure is shown but 'since there'are two treatment
_ . groups i1t must be imagined that there is'oné\graph'for each
© . treatment. The models for the two groups can have more or
'less in common,.however. Orne poss1bility is of course to
estimate all the parameters within the _groups’ w1thout
eonsﬁraining any of them to be equal However, in- this
case it hs reasonable that the same/measurement model for
~the aptitude variables (SM) 4is used in both groups. Should
the reéults from such an analys1s differ from the results
whén different measurement models (DM) are used’this can
only’ be because differences between the treatment groups
. with respect to the aptitude variables spuriously affect'h
the relafions between aptitude and‘outcome within treat—f
. ments. Results_obtained under both the DM and SM models
e . will be presented. ’ L
The unstandardigzed coefficients of thelrelations between -
latent aptitude variables and the speed/understanding
‘outcome variables are presented in Table 4, forvboth the
' 1-factor and the 2 factor aptitude models. Along with
' “the COfolClentS,l t=values for pairwise test¥ of theer
similarity in the treatments‘have been.enteredl whille

results from overall tests of fit are»presented in Table 5.
. \

N\

Insert Tables 4 and 5 about here

approaches signifi-
f this is found if

None of the tests of interactio
cance. However, a partial explanation
the standard errors of the estimates are considered. These
‘are particularly in the verbal/figural model. so high that
only, few of the within-treatment relationships are signifi-
cant. Since the coefficients presented are the unstandardized
ones their absolute level cannot be judged from these gigures
alone However, the standardized coeffic1ents, interpretable
as partial correlations, were quite high, with the values

 often being around .50.:
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» When the genéral aptitude variable is included in the model
the standard errors @enerally are smaller ‘and the within-
‘treatment coefficients are all highly s1gn1ficant This
indicates that ‘the standard errQrs are so large when the
verbal/flgural varlables are used because of the high
correlation between the latent aptitude varlables, and

. from the formula for the standard errors of estimates of

the Y coefficients it is clear that these are a quadratic

-

g

functlon of the correlatlon

“» Looking at the descriptive pattern of results for the
~verbal/figural aptitude varlables it can be observed that
with respect to understandlng the figural aptltude *arlable
has a hlgher coefficient in the Vs group than in the FS
Agroup and that the verbal aptitude variable has a slighitly
higher coefficient in FS; with respect to speed the pattern
of differences is completely reverséd. It can also be

:‘observed that there are some differences in the descriptive
'batterns of results under the DM and SM models: With respect
to understanding the SM model yields smaller differences
between the treatments than does the DM model, while the

A.opposite is the case for speed.

For the general aptitude variable there is for both the
outcome variables a higher coefficient in the VS than in
the FSrgroup, but it must also be observed that there
especially with respect to understanding is a smaller
difference between the treatments under the SM model than

under. the DM model.

)

No graph is shown for the model with the learning/retention
- outcome variables. This LISREL model is quite similar to
the one for speed/understanding, the only differences being
that there is a unidirectional influence of learning on
retention and that LA and RA now have correlated errors of

measurement, as have LB and RB.




«In Tables 6 and 7 the results obtained with the learning/
retention factors are shown. The tests of interaction

"yield even lower valueg of the test statistics than was.

Insert Tables 6 and 7 about here

~

the case for the'other'butcome variables, and descriptively
there are for the verbal/figural, variables only very small

differences between the coefficients for the treatments.

“Qgr the general aptitudeé variable there is with respect

to thhfthe outcome variables a somewhdt higher coefficient

in the VS group than in the FS group, but again the difference
is smaller under the SM model than under the DM model.

To-sﬁhmarize; no significant interactiqn is found in the
LISREL analyses even though there descriptively are some
differences between the treatments: For computatlonal speed
a pattern of dlfferences between treatments conformlng to
that specified in the original verbal/figural ATI hypothesis
is found, but for understanding the reverse pattern of
differences'is found. ) &
With.respect to the learning/rentention-factors there are

" even descrlptively very few signs of 1nteract10ns It can
be-noted, however, that treatment obV1ously in some ways
had differential effects on outcome: The.variancg in the
variables measuring retention was higher in the VS treatment
than in the FS treatment and there is a lower correlation
between‘learning and retention in the VS‘grodp than in the
FS group. These differential effects may of course be
related to aptitude var1ab1es, but 1f that 'is SO it must

be other variables than the verbal/flgural ones.
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DISCUSSION AND E€ONCLUSIONS

aa

Before discussing the methodolbgical and substantive conclusions
to be drawn from. this reanalysis it should be pointed out that

a replication of the Behr (1967) study has been presented by
Benr and Eastman (1975). In the replication a sample of about
the same size was drawn .from the same population as in the
original study. Some changes were made of the instructional
matefials in that the figural treatment was made more induc- .
tive and the verbal treatment more deductive. In the replica-.
tion only two outcome measures were used, a retention and a
transfer test. Both these tests were administrered one week
after the learning session. Seven aptitude variables were

"used; among those were tne tests that had shown interactions

in the original study.

In the Behr and Eastman (1975) analysis several different
methods were used in the study of ATIs:Cdrrelation coeffi-
cients were compared, and a large number of multiple-regression‘
analyses were performed. The dependent variables also were
regressed on two Varimax factors. In no anélysis<any significant
interaction was found and on the basis of these negative

results Behr and Eastman warned'against accepting the results
from the original study. '
However, the repliéation_did not assess computational speed
-and understanding as separate outcomes, and the reanalysis
presented above 1nd1cates both that different patters of

results are obtained with respect to these- outcome variables

and that the strongest effects are-found with respect to:
computétional speed. Therefore it does not seem that the
replication has much te tell about the results obtained in

the reanalysis.

As was mentioned earller there exist at least three analyses
and 1nterpretat10ns of the results in the Behr (1967) study.
These will now be examined in the “light of the results

obtained using the LISREL. approach.



Behr himself stressed, in the Guilford (1967) £radition,
the uniqueness of each sjingle aptitude variable and
refrained from relating these to each other. In contrast
with the LISREL analysis Behr did find some significant v
interactions -- some more actually than can be expected
from chance at the significance level chosen,‘if indepen-
denée is assumed. The tests entering interactions with
‘one or _more of the post-tests wére CMU, MMR and CMC,
which is a thoroughly mixed set, and it is hard to find
any reason why these verbal tests and not the others
should enter into interactions.

Using large sets of aptitudevvar;ables the ATI resé&archer
is exposed to very great risks of false postive and false
negative conclusions. Thus with such an approach it is
even in the long run almost impossible to sort out the
dependable findings from the undependable ones and to
know whether it is the unique or the common parts of the

variables that enterS';nto interactions.

There is of course a risk that 1mportant interactions_
are missed if the specific parts of the aptltude varlables_
are left out. However, if it cangot be.shown on theoretical
grounds that it is the specific harts of the aptitude
variables which are likely to enter into interactions with
‘the treatment variables there are strqng reasons to reduce
- large sets of aptitude var?ables to_a smaller set of

latent variables.

In order not to create any mispnderstaﬁding\we should
point out that this recommendation of course oﬁly applies
when it is reasonable to impose a factorial structure on
the aptitude vapiagles. If the tests ail measure

.different factors such an approach is not reaéohable
However, even 19 such cases LISREL can be used to'%tudy
relations between latent variables, 1f each test is entered
as two half-tests or if previously obtained estimates of

the reliability -is entered into the model. .

21



.with respect to computational speed do to some extent:

Cronbach and Snow concluded, as described in the
Introduction, that a general factor of ability was more
assoc1ateh with achievement jin- the VS treatment thany
in the FS treatment. The LISREL results show that the

L3 - .
coefficient fog the structural relations between the

‘general aptitude factor and the outcome variables tends’

to be considerably higher in VS. than in FS. However, a

bart of the interaction found by Cronbach and Snow can

\be accounted  for by'differences between the ﬁreatment

groups with respect to the,aptitude variables, since .,

when the same measurement. model is used for both treat—

ments the differehce between the'coefficiths is lower.
With respect to computatlonal speed there is even under
the SM model a considerably higher coefficient 1n the
VS group, but when the verbal/figural aptitude varlables
are anelyéed instead this difference is found to be .
wholly accounted fer by the verbal ability variable.
Thus, the LISREL results give very little support to
the Cronbach and Snow conclusioh.

Gustafsson (1974) concluded that the interaction with
verbal ability seemed well established in Behrs .study
aﬁﬁ suggested also thafy there may be a very yeak inter-
action with figurai ability. Gustafsson (1976)- also
pointed out that- the tests of verbal ability were not
highly correlated with achievement in the Vsitfeatment,
but that they had no or a negative relationship with
achievement in the FS treatment {(cf. Behr & Eastman,
1975, p. 156). I't was concluded that this indicated
that "pupils with a high verbal ability did poorly in
the FS treatment rather than well 1n the VS treatment"”
(Gustafsson, 1976, p. 56) .

THe-results for the understanding variable certainly do

not give any support to such a conclusion but the resulﬁs

there is a negative coefficient for thé relation between

'verbal'ability and computational speed within the FS

treatment, while at the same time there is a weak positive

relatibnship within the VS treatment. .

22
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To the best of our knowledgé computational speed ané
similar types“of outcome have not been much studied in
" ATI research studying the verbal/figural aptitude variables,
in spité of the fact that many stqgies have used mathematics
as subjeCt'matter. It is thus difficult to compare this -
result in tHe Behr study with results in other studies.
-However, the lack of'interaction with respect to under- ~3
standing is in agreement with the results in other studies,
~including the Behr and Eastman (1975) replication and
studies by Bracht (1969); Carry (1967), Webb and Carry

e
(1975) , Hancock (1975), and Gustafsson (1976). R

3,
23

No attempt will here be made'to interpret the tendency

towards interaction with respect to compﬁtational speed
- - since it is so Jtterly weak. However, should further
research provide supporting evidence, it seems:reasonable L
that’the interprétatibn ghould be couched in what GustafsSon
(1976, p. 81) labelled interferential terms, i.e. that a
tréatment has negative éffects on Ehe learning and pggpessing
of subjects high in an ability. 1

: / ‘

So far we have mainly discussed the results from a

4
d

substantive point of view; now we will turn to a discussion
about the methodological aspecﬁs. Before scrutinizing the
advantages and disgavantages of LISREL as a method for
analyzing ATIX data, it must, however, be pointed out tﬁat
suggestions for methods of analysis purporting to solve
some of the problems which can be app¥oached with LISREL
have been offered earlier, o
Cronbach and Snow (1977), p. 39) argued that when there
are severdl aptitude variables a reduced rank analysis
may bﬁ‘performed through regressing outcome on aptitudes.
forme. as composites, e2ither on the basis of factor
analysis or on the bhasis of judgement. And in the context
of an illustrative analysis of a study including measure-
ment of achievement at several_points in timé Cronbach and
Snow (1977) claimed that methods such as path analysis

and structural equation models "are becoming increasingly
signiéieg;tnin educational resgarch and that they may pe

o peculiarly valuable in studies of learning and ATI" (p.94).
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Some of the problems which may be solved with LISREL

can certainly be solved with other methods. In order to
reduce several observed variables to few latent variables
component or factor analysis can be used; td study rela-
tionships between true variables rather than observed
variables correction :lr attenuation méy be employed;

and to study relations between measurements with an
intrinsic causal ordering path analysis can be used. '
But with LISREL it  is possible to specify models including
all these featﬁres, which results in a more parsimonious

and often more efficieht andiysis.‘Furthermore, LISREL

- offers capabilities not to be found in any other method’

.of analysis such as the possibility'of treating corre-

lated errors of measurement, and to test goodness of fit.

In the context of ATI research the LISREL approach also
has some mére,specific advantages. Even.though it is
seldom investigated, it is surprisingly often found ghat/
there are differences between the treatment groups with .
.respect-to the level and structure of the aptitude
¢%ariables (cf. Cronbach & Webb, 1975; Cronbach:& Snow,
1977, p.38; Gustafsson, 1976, 1977, 1978) and such
aifferences often result in spurious ATIs (and can for
that matter also be sugpected to conceal ATIs at times).
The necquity of formulating explicit measurement models
‘for‘the aptitude variables in LISREL makes it, however,
natural to investigate the similarity of the structure

of the aptitude'variables‘in ﬁhe treatment groups. LISREL
also allows investigation into the effects of the
differences betweeh the treatment groups on the structural
relations within treatments .through comparing the results
when the same megsureﬁent model is used and when different
measurement mcdels are used, even though great cadtion is
always necessary w¥en large and systematic differenceé are
found between the strucfure of the aptitude variables‘for

the treatment grohps.
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So far we have only deJlt with the bossible“advaﬁtagee of
LISREL as' a method for analyzing ATI data, but there are
disadvantages as well. For one thing the method is built
‘on rather strong assumptions: multivariate normality is
assumed. The same assumption is found if reéression
analysis, but it is probably fair to say that any advantage

that LISREL may have is reduced when this assumptionris

not fulfilled It must also be pointed out that the good- jﬁ

/

ness of fit test is a large sample test. Unfortunately
very little is known abbut at what sample: 51zes ‘the test
sufficiently well approx1mates its asymptotic propertles,
but obviously a warning must be made against using LISREL
for very small samples. '

The greatest problem, however, in applying LISREL to “‘
analyze ATI datagis that the standard errors of the -
estimates of the structural relations within treatments/
are large One reason why these standard errors_Are SO
large is that there tends to be an inverse relatlonshlp
between the degree of consistency and the variance of

an est1mator, so there is a price to be\paid to obtain
the unbiased estimates. (Parenthetically, it can be
pointed out- that even within regression analysis the
inverse relationship between consistency and variance
has beén studied, .see Winer, 1978). Another reason why
the standard errors are so extremely large in this
particular case is that the correlation between the latent

aptitude variables is so high.

Even when regression analysis is used the power of the
tests of interaction mostly is too low with the sample
sizes which are feasible in ATI research (Cronbach &

Snow, 1977). If LISREL is to be used instead of regression
analysis this éroblem is aggravated‘to become an obstacle
against ever finding a significant interaction, at least
within areas of study_where there tend to be high correla-

tions between "the aptitude variables.

oD
b]
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ngx/ﬁJWhat can be done to reduce the large standard errors of
the estimatesé One solution is to increase sample size.
However,’ this solution may be‘*simple in theory but need
not be so in practice. Since ATI research is often
experlmental the data are cumbersome and costly to
collect so it may 51mply be impossible to obtain the

large samples needed

A more feasible strategy is to select the sample, the
tests and the model so as to reduce the correlation
between the latent variables. Reasons were stated Me why with -
this sample and with these tests a large correlation ‘can
be expected with the verbal and the figural aptitude
variables, and in retrospect it ggg be concluded that
neither were well chosen to study the verbal/figural

ATI hYpothesis. However, with the importance of having

a low correlation between the latent variables in/mind

the researcher can often chose tests and subjects so as

to minimize it.

It is also possible to specify LISREL models which feduce
the correlation between the aptitude factors, One
possibility is to allow correlated/é;rors of measurement
/%nstead of invoking additional facé\r Another way to
lower the correlations between the latent variables is

to ailow some of the observed variables to load in more

than one factor.
. . 9 . -

Using the six tests in Behr's study with the highest
cbmm&nality it was in fact possible to define an orthogonal
2-factor model using such methods. However, the results
from application of this measurement model have not been
presented in full for two reasons. In the first place the
factors were quite difficult to interpret;'some of the
verbal tests had, for exempleﬁ their highest loadings in
the figural factor. Seceley; when this measurcment model
‘ was used together with observed dependent variables (the
\l ' measurement models used here for the dependent variables

were not identified with this measurement model for the

[]{U:‘ aptitude variables) the verbal factor disappeared in the




sense that it had a non-significant variance.

These experiencgg indicate that in this case the information

in the observations'about the verbal/figural.aptitude variable

distinction is too limited, whichever model is chosen to

describe the data.

A more drastic solution is of cours& to specify an orthogonal
model without bothering about the resulting poor fit when the
variables are in fact correlated. To study the:pffects of
chosing an orthogonal model instead of the proper oblique
model the computational speed/understandlng outcome varlables

were analyzed together with the verbal/flgural aptitude

nvarlables, defined by the 12 tests but with a zero covariance

specified.

For computational speed the difference between the within-
treatment~coefficients for the VS and FS groups changed
from 1.25 to:.98 for verbal ability and from -.12 to .0l
for figural ability. Thus, specification of the wrong model
did not affect the estimates too seriously. However, the
standard €rrors were reduced with a factor of about 2.5 so
in the orthogonal model there was in fact a significant‘
difference between the within-treatment coefficients for
the relation between computational speed and verbal ability
(t = 2.08).

In spite of the fact that it is even possible'to find a

_significant interaction in this case we; certainly cannot

recommend thatpoor -fitting ofthogonal odels are used.
The estimates of the parameters need ‘not be too wrong,
but the standard errors will be seriously underestimated,

so the tests of interaction cannot be trusted.

As was pointed out previously the problem of- the low

.power of the statistical tests in ATI research is certainly

not unique to LISREL; it is just more pronounced in that
method of analysis than it is in regression analysis.

Cronbach and Snow (1977) concluded that the low power of
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the test of interaction in regression analysis makes it
neéessary to placé lower weight on formal Stétisfical tests
and instead consider the descriptive results. Cronbach
(%975) even claimed that: "The Fime“ha; come - to é?prcise

“the null'hypothesis, We cannot afford to pour costly data

P

down the drain whenever effects present in;the sample 'fail

to ¥each significance'." (p. 124). %,

We strongly adree tﬁat less emphasis shouid be placed on
statistical inference, and that greater importance should
be attached to description of the effects in the sample
(cf. Gustafsson, 1976). :
LESREL does bffer some advantages in. a research‘strategy
based on description. For one thing, the latent aptitﬁde
variables can be supposéd to be more or less invariant
over different studies, which is important when the results
from different studies are brought together. Furthermore,
the description is based on consistent estimates of the
parameters and it is generally very qusimonibus.

. S .

A\

However, there are disadvantages as well. As was mentioned
above the .specific parts qimizg variables are not studied
~wHich of coursé& is serious when the possibility of local
effects is entertained. It can also be claimed that the
LISREL approach, which involQes estimation of parameters
in a model, tends to Be quite remote from the observations
themselves. But more important is the fact fhat"LISREL in
its present version (LISREL 4) does not allow hypotheses
on means; consequently it.is not possiblé to investigéte
the- ordinality/disordinality of an interaction, let alone
to describe the interaction effects as they appear in the
saﬁple.It should be pointed out, however, that LISREL can
be complemented with analyses using the‘COFAMM program
(J6reskog & So6rbom,1976b) which does allow estimation of
the iﬁleréept as lonu as there are no constraints on the

structural relaticr coe: ficients.

.
!
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But even so the desé}iption is based on rather constrained |
models, involving strong assumptions about th naturevof
the interactiocn effects and it can be claimed that the
description of interaction effects should Ee as unconstrai-
ned as possible (cf. Gustafsson, 1976; Gustafsson & Svensson,:
1978) . Thus it can be argued that even as simple methods as
descriptions. of cell means for levels of ability within
treatments f;r descriptive purposes do have some advantages
over more constrained .statistical models, either these are

regression models or structural equation models.

Therefore we thiink that LISREL analyses of ATI data often
ought to be complemented with close descriptions of effects
in the sample using as unconstrained a model for the descrip-
tion as possible, even though the latter type of analysis !
has not been possible in this reanalysis for lack of raw,
data.

4
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Table 1 The aptitude variablés in the Behr study

Test SI-cell No of items Time limit
Gestalt Campletion Test. CFU 20 6
Fiqure Classification CFC 14 3
Figure Matrix 'CFR 15 7
Paper F:oldi_ng Test CFT 20 V) 6
Mop Memory MFU 19 ‘ 10
Object Memory MFS T30 3 + time for
Wide Range Vocabulary Test CMU 24 6 recall.
Word Classification e 20 | 4
Verbal Analogies QMR- 30 9 ™
Memory for word Meanings MMU 30 5
Sentence Completion MR .35 : 10 :
Object-Number Test MSR 15 5
Addition/Subtraction Test MSI 120 ' '
Following Direction Test (INT) 8
»
PR 4 Y .

o

A :;E@* . 2

X 7, " 6

e
GO




o : _ ' -
" Table 2 Results from tests of fit of the 1- and 2-
' factor solutions for the aptitude variables

v ' No. of factors

1 2 Difference
X, 4 p x> 4 p ° x* af p
Egmﬂityl) ,
over groups 168.1 132 .02  158.4 131 .05 9.7 1 .00
. 1) ' )
e No equality

over groups '139.0 108 .02 128.0 106 .07 11.0 1 .00.

 Difference  29.1 24 .33  30.4 25 .22

1) The parameters are constrained (or not constralned) to be
equal in the treatment groups.




Table 3 The factor loadings (standardized) in the
' 2-factor solutions for the aptitude variables

Factor 4
o 1 ' C 2 Communality
Test Vs FS VS FS Vs FS
CFU .41 .19 7 Loa
CFC .60 ..57 ' .36 .32
CFR ///.74_- .51 - .55 .26,
CFT .69 .52 .48 .27
MFU .67. .19 .45 .04
MFS .51 + .20 .26 .04
INT. .50 .55 .25 .30
CMU _ .58 .48 .34 .23
cMC ‘ .44 .62 ) .19 .38
CMR : .66 .72 .44 .52
MMU .42 .52 .18 .27

MMR | .39 .11 .15 .01

N

e 40



Table 4 Coefficients of structural relations between the
latent aptitude variables and the speed/under-
standing outcome variables within treatments:

—

Speed Understandihg
'VS /S t VS Fs , t
DM: : - . IR - .
Verbal .45(.76)  -.55(.74) .94 .74(.62) 1. 60(&%) -.78

Figural .29(.23) .29(.18) -.02 .39(.20) .04(.19) 1.27

General .43(.14) .19(.08) 1.49 .61(.15) .37(.10)  1.33

<
1:
Verbal  .24(.85) -1.01(.75) 1.10 .63(.70) 1.20(.85)  =.52
Figural .32(.23) .44(.20) -.39 .37(.19) .14(.23) .77
General .37(.11) .19(.08) 1.32 .53(.11) .45(.11) . .51

] -
Standard errors are shown in parentheses. Y

The t-values refer to approximate tests of equallty of the
within-treatment coeff1c1ents.

. In the DM models the parameters in the measurenentmodel for

the aptitude variables are not constrained to be equal in the-
treatment groups, while in the SM models they are.

/

\
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1Y/ S Results from tests of fit pf the full LISREL -
' models with the learning fretention outcome

\/\_\ ’ variables. &

3 Verbal/figural General

aptitudes aptitude
D N X* af  p x*s df p
.Y/fii:mgters equal  243.95 196 .01 258.00 200 .00
in pS ‘
\ «Vahmisters not  242.29 192, .01 255.79 198 - .00

eadﬂ the groups . |
A . -~

TN ' 1.66 4 .g0. 2.21 2 .33

¥ g :
Y*ﬂﬁr QtQrs equal 275.29 221 .01 237.08 224 .00

ps N
Y*f@r ters not 274.25 217 .01 286.12 222 .00
the groups ' N . . :
Dj Q 1.04 © 4 .85 .96 2 .62
. 7 ¥




Table 6 Coefficients of structural relations between
" the latent aptitude variables and the”
learning/retention outcome variables within
treatments.

N Learning Retention

Vs ) FS t VS FS t
DM: - » . &
Verbal .50(.59)  .46(.73) .04 - .47(.48)  .56(.47) ~-.12
Figural  .39(.19) . .24(.15) .49 . .07(.17) -o.03(.10) 5%

General  .55(.14)  .33(.08)" 1.36  .22(.15)  .10(.06) .67

M: R

‘. Verbal .37(.69) -.19(.76) .55  .46(.56)  .51(.45) ~.07

Figural  .39(:18) .42(.20) -.07  .06(.18) =-.02(.14) .35

General .48(.10) .36(.09) .89 .18(.13)  .13(.07) " - .34°

. R o ) ’ P
@ Standard crrors are shown in pax;orithescs.

The t-values refer to appraximatoe losts of cquality of the ’

within-trecatment cocfficients. _ '

In the DM models the parameters in. the measurement model for

the aptitude variables are not constrained to be equal in the

treatment groups, while. in the SM models they are.

r m\
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Tabld 7 _ Results from tests of fit of the full LISREL

- 4 - models with the speed/understanding outcome
\ variables'.
Verbai/figural General
aptitudes aptitude
x* d p X* af - p
DM:
Y-parameters equal 244.54 196 .01 258.83 200 .00
in the groups . '
-Y-parameters not 240.43 %92 .01 . 255.79 198 .00
equal in the groups
Difference ° 4.11 4 .39 . 3.04 2 .22
M: _ IR _ .
y-parameters equal - 275.17 221 .0l 287.99- 224 .00
in the groups ' -
> , ' . .
Y-parameters not 272.01 217 .01 286.12 222 .00

equal in the groups

Difference 3.16 4 .53 ‘ _ .87 2 .65
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