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ARSTRACT

-~

With a starting point in laboratory research on suppr
in.reading, the study investigates effects of treatme
listening and pictures vs no pictures, In a 2 X 2 des
the learning of verbal and spatlal types of content.

Sth grade pupils in each treatment, whom were given a
tests, a‘learning material dealins with- the heart and

EA

~

ession of visualization

nts (reading vs

ign) and aptltudes on

Subjects were about 100
battery of &4 ability
the flow of blood, and

immediate post-tests to assess acquisitdion of verbal and spatial aspects’of
the content. For analyzing rdin effects and intevactlons the Joreskog LISREL ~
techniaue is used. The most important findings are that’ acquisition of )

. spatial content, is superior _in the audio-visual treatment, and that girls
high in general ‘ability perform better when iistenlng than when reading. The
results are intdrpreted in relation to research on visualization suppression
and sex differences in lateralization of processing.
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1 INTRODUCTION - .

.? 3

.
Y

E »
The present study investigates effects of pictures and modality of presen-
tation in learning verbal and spatial typessof content. Not only main effects

by
are considered, but also differential effects of treatment as-a function of

-

individual differences. - .

The theoretical hackground of«the study is derived from a series of studies
Fonductgd by“Br?oks (1967, 1968) on suppression of visualization in reading.
In a typical experiment Brooks (1967) presented subjects with two types of
messages. In one of these spatial relations were described, while the other
type of message was nonspatial. Subjects l1istened to some of the messages,
and for others an accompanying“writtéa copy of the message was provided. The
Eask‘wa5~£Q'répeat the message vgrﬁatim after preséhtatiqn. '

-

i 4
Sub jects made feweroerrors on the Epatial'type of méssage when listening then
they did when both listening and reading. The reverse pattern of results was
found for the mon-spatial messagés. These results may. be interpreted to iandi-
cate, that reading interferes with the gederation of an‘interﬁal representa-

o -
- . .

tion of spa;ialfrelatiéns.

-

~

Brooks” (1967) research was replicated and extended by Peterson, Thomas and
3ohnson'(1977).ﬂThey introduced a series of hodiftcatiohsjvf the experimental
tasks but were still able to replicate the original findtngs. They also asked
subjects to perform mental rotations, and showed that tnformagfon obtained
‘through reading had typical charactgztstics of verbally represented infor—
mation, while information obtained through listening had the typlcal ’
chgracteristics of spétially represented information. '
While it does seem to- be’a well established fact that reading interferes with
visualization, differént specific interpretations may be advanced to account
for this. Brooks (1967) suggested two possible interpretations. * . - .

' . P
One is based on the hypothesis that visualization uses mechanisms' specialized
for visual perception. Since reading is a visual process as Well,‘the two
processes compete for the-same limited resources, and cannot be performed
simultaneously. Thus, in this interpretation the similarity with respect to

» -

sensory modality, of reading and visualization is stressed.
.

This~hypoches£s is indirectly supported by gesearch showing a functional
similarity of imaging and perceiving (e.g. Pgterson, 1975; Podgorny &
% . K
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Shepard, 1978; Sheehan, 1975). Furthermore, in several pleces of research it |
has been found that visuallzation is disftupted also by other visual stinuli,
which Hs, of course, a necessary, but not sufficient, condition for this .
interpretation to he true (Baddeley, Grant, Wight & Thompson,. 1975; Janssen,
1976; Salthduse, 1975; Yuille & Ternes, 1975). Negative results have been
reported too (Baddeley et al., 1977, Exp ILI; Kosslyn, llolyak & Tuffman,

1976; Sherman, Kulhavy & Burns, 1976; Wright, Heolloway &.Aldrich, 1974).

However, given the frequency of positive results, it is'difficult to judge

what weight should be attached to negative results, since the specific
combination of vi§ualtzation and perception tasks may be cf great importance

in determining whether any interference will occur (cf Janssen, 1976).

I the other interpretation suggested by Brooks (1967) it was suggested that
reading interferes with reorganization into spatial- representations because
“reading forces the subject to deal with information in a more exclusively

verbal form than does listening” (Brooks, 1967, p. 289). Thus, in this
interpretation the difference in nature of reading and visualization .
processes is seen as the caqse°of suppression of visualization in reading.
Imagery and visualization processes havé been shown to begof a global, .
Qplistic, analog kind, in which functional relations among imagineq objects
mirror functional relations among the objects as actdally pe}ceived (Sf
Shepard, 1978; but for «contrasting views see Pylyshyn, 1973 and Andérson,
1978). Reading processes, in Eontrast, are sequential and logical, and recent
theoretical accounts of the process of réading (e.g. Goodman & Goodman, 1977;
LaBefrge & Samuels, 1974) stress the hierarchical and automatizea organization
of subskills. Thus, according to thése theoretical accounts the processes of
reading and visualization are quite different in nature, To visualize, .
the%efoge, it 1s nécessary that the entire system. of hierarchically arranpged
reading processes ls disrupted. Since the’content of the visualizatfon .
processes is provided through the reading proceéses, such disruptions must be
- frequent, which may be so taxing that the visuallzation processes are

*

suppressed .

On the basls-0f the laboratory studies conducted 'y Brooks it 1is impossible

to make a choice between these two interpretétions of the cause of .
suppression of visualization in reading, and both seem to be supposted by ’
“sore indirect evidence. Before continuing this discussion, however, there is
reason to consider a broader range of researéthn modality of prasentation,

and also research on the effects of pigeures in learning materidls.

K]

Studies have shown reading to be more effective thanalisténing in the

»
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1earn1ng of ﬁénsense s}lla%lés (e.p. van Mondfrans & Traveré, 1964), but in
scudieséﬁf real subject-maﬁter the results are more varied. Sewell and !loore

" (1980) taught college students use of the library, and found reading a text ° .
to be more effective than listening to an audio recording.’Clark (1978)

tested the hypothesis of suppressio&lof visualization by reading and .

o ‘ compared, among othep treatments, reading and listening in the learning of

geometric designs. No significant difference in level of recall was fouvnd,
hut subjects did spend more time reading, which result was intérpreted as
supporting thé hypothesis. Taken togefher these studies seem to indicate an
interaction between modality of presentation and type of subject matter, such
that reading is better when the subjects matter is yerbal, while listenidg is

bétter when the subject matter is spatial.

-

. L

Yowever, there are 1£ke1y to be interactions involving other factors as well,
such as the age level or reading level of the subjects. Wilkinson (1980) - _

" studied interactlons between grade level and oral reading Versus looking-
listening. The results suggested a three-stage model in the development ofs
skilled reading. In the first stage the child reads accurately but slowly so
that there is loss of comprehension and memory. At the second stage, at about
the fourth grade, the child is. able to read at a rate equal-to normal
speaking rate, and recognition of words is no more demanding visually than .
audito}ily. At this staée understanding is equiGalent in reading and s
1isteﬁing. At tF third stage, finally, Ehe-éhilg is able to read efficiently -
and rapidly, so that when engaged in a looking-listening task the child can
Yisten and read shaultaneously, and is thus able to feview:and clarify

*

important information.

Research on the ;ffects of pictures accompanying printed text exliibits a most

varied $attern of results, showing in some Studies positive effects, in

others negative effects, and in still otpers no effects (for reviews see

Lindstrom, 1980; Peeck, 1974; Samuels, 1970). Levin and Lesgold (1978) ,
concluded, however, that granted that some ground rules are followed: .
pictures'almost invariably have positige ef fects on learning and compre-= .
hension. One of these ground rules states that the verbal information should

be presented auditively, which does suggest that reading interferes with

extraction of pictorial information. = .

~ ”~ o, “

Given the functional similarity of imaging and perceiving such a result 1s in
1ine with the findings of suppression of visualization by reading, and the
same basic interpretation should apply in both {nstdhces. In one of the
interpretations ébnsidered above it {s argued that reading and visualization
cannot he pefformed simultaneously because both are visual processes.

-~ k)
14 ¥ - -
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- ease with which the prBEesses are carried out, not-only main effects of

y & .

.

Howeverz/while it is true that reading ‘and picturg'interpretacion cannot take

place simultaneously, these progcesses may be performed §equentia11y; and .

g:kgsé/this hypothesis is complemented withqfhe assumption tbat one visual . i
acess, intecferes with another visual process occurring later in time itiis .

not able to account for interference between reading and picture v

int tati g o .
in er‘:p-re a one. ﬁ :
. . - - »

The.other interpretation considered states that reading and visualization (or -
P v LI ~
picture interpretation) are incompatible. types of processes, and that it fis

\\difficult to .switch berween these types of processes. Since reading tends to

be the primary process, extraction of ihnformation from pictures is hambéqu.

2
-

it would thus seem that the latter hypothesis is the more powerful one ;f the
two suggested interpretations. It must be stressed, however, thag the
empirical basis *for this conclusion is quite shaky. Onlyefew pertinent
studies have;been.éonducted, and- among these many are laboratory studies of
doubt ful external validity. The present sEudy vas designed, therefore, to
investiédte sipultaheously modality of presentatior (i.e. reading versus
listening) and pictures versus no pictures in the learning of verbal and
’spatial types of content. Before proceeding to ‘describe the studx there is !
reason’, however, Fo‘consider another source of ,variation, namely indtvidualnﬁ
differences. 5 ) . .

"
In none of the studires considered so far have individual differences been
addressed as a source of variation. lowever, }f tigatmeﬁts encoburage ¢

different kinds of pro€essing, and 1f there are individual differences in the

treatments would be expected, but also interactions with aptitude variables.
Such aptitude x treatment interactions.(ATI's)\may have great theoretical,
import (Snow, 1978; Underwood, 1975), as well as practical significance
(Cronbach & Snow, 1977). i . i ’ ) .
In ATI-research hierarchical models of the‘stricture of ahilities seem *
particularly useful (Gustafsson, Note 1; Snow, 1980). Such models include
aﬁtttudes of different levels of generaiity and they therefore are parsi~ .
monious, while they at the same time allow as detailed a description of
ndrrow abilities as maf*be desired.

‘

»

The particular model relied upon here is referred to as the HILI-model, .
(hieraréhical LiSREL-based model; Gustafsson, Note 1; Gustafsson, Lindstrom & .
Bjorck-Akesson, Note 2). This model includes the primary factors of the )
Thurstone (1938) and Guilford (1967) models, the second-order factors of the

i
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_Horn and Cittell (1966) model, ‘as well as a third-order G factor. The G*
factor is identical with the Gf* (Flyid intelligence\ facror .in the Cattell-
Horn modcl which factor is a non—vetucl reasoning abilicy, supposed to

reflect influences of biological factors and incidental*learning on ’
~intéllectual development. Amohig the second-order factors, Gc (Crystallized

intelligence)- gnd GV (General, vksualization) arg the most important ones: Gc ¢

represents cognitive performances which have been acquired through gxperience, .
and education, while Gv represents the ability to perceive and.transform
visual patterns. , R P

.. L v .
Gne frequently studied ATI- hypothesis states that.treatments employing
pictures, illustrations, graphs and other visuals should be particularly
helpful for pupils high in Gv, while treatments using written text as the v
main vehicle of, expo§ition "shuld be particularly helpful for pupils high in
Gc, No strong support has been obtained for this hypothesis, however (for
reviews see Cronbach & Snow, 1977; Gustafsson,-1976; Yalow, Note 3), and the-,

relationships appear to be considera¥ly more complex than antickpated. |

3
LY . ) L

. ?

However, “even though.the results are complex some tentative generalizations
may be made (Gustafsson, 1976; Snow,’ 1977). It thus seems that pictorial
treatments may be particularly helpful to pupils low in G. However; this
eﬁfect seems, to be restricted to fairly low-level typcs of learning, such as
acquisition of terms (Gustafsson, 1976, Lindstrom, l980), and it seems to be
of' low durability (Yalow, Note 3). The empirical results also afford the
conclusion that pupils high in Gv are good at acquiring pictorial information
(Gustafsson, 1976). But frequently acquisition of the pictorial information
is not sufficient for answering correctly the post—test questions, and it may
{n. fact be negative (Hollenberg, 1970; Samuels, 1967). Thus, only when
learning the pictorials themselves helps achievement, Gv ‘may be expecred to
he highly related to achievement in a pictorial treatment.
. ' ™

For the present study the specific prediction may he made that in the ,"
treatments not involving reading, and*therefore no. suppression of visua~ ()/
lization Gv is more highly related to acquisition of spatial content than in
treatments involving reading. There is the possibility, however, that sucly a
relationship is moderated by sex..Research.indicates not only sex differences
in "level of performance on spatial tests, but also that males and femaleS'
tend to adopt different strategies in the solution of such tasks, such that
females more often adopt a verbal-reasoning approach (Gustafsson, 1976).

this is-so it might imply that high—Gv males in particular should be able to
take advantage of the better possibilities for visnalization processes in

-

treatments involving listening. . . . -

»
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2" METHOD® ‘ ‘

A d

' \ )

1
Some parts’ ‘of the present data have prev1ously

{1976, 19789 in substantive and merhodological
substantive questions will bevcarried one Step

analysis of ATI- data are also considered since

. 1
. . Jl

been analyze&nby Custafsson |
studies. Here theﬂanalysis'of
further through a\simultaneous

he rather new ’lﬁREL techni—

. analysis of the effects of 4 treatwments. {ethoi;logical problems 'in the

que (Jereskog & Qorbom

- LY .

-

« . b

1978) is relied upon in! the analyses.

oy
h

0o .
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7.1 Treatments and subjects <
v ~ *

<

< ~

N

- +
v . )

* The 4 treatments in the study were obtalnediby crossing the trea

rs -no pictures:

tment

variahles reading vs listening and pictures'
¢ . .

< v

!

-
-

«

’ e

The READVERB treatment. Subjects ithhis treatment group read for 17

minutes a mimeographed copy of qhe fnstructional mat
did nots contaln-any illustrations. During the allott

erial (see below), which
ed timé most subjects

4

a

read ‘the material at least twice.

Ty

K}

* The READPICT treatment. This treatment was in all respeots the same as

the READVERB treatment, ekcept fhat subjects read an {1lustfated version of

the- instructional material (see below). !
s

-

¥

The LISTVERB treatment. Subgects in this treatment listened to a presen—

- tation via taperecorder of the same material as was read in the RE

ADVERB

treatment. The tape was played twice, with a pause of ahou
hetweert presentations. Tn all the presentat

t 30 seconds

ions required about 17 minutes.

v

The LISTPICT trearment. “This treatment was the same as the LISTVERB
treatment, except that the i{lustrations, which were identical
the READPICT fireatment, were presented as slides.

L3

with those in

k
oup consisted of 6 Sth grade classes, with the follqwing

total number of subjects in each group: READVERB N=120, READPICT N=109,

1L, ISTVERB N—lZO and LISTPLCT'N 118. The treatments were administered within
regular, classes.

Each treatment gr

t

DY )

N
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. 1In the mat

‘. of, afong qthet things,

M
~u 4

.

2.2 The instructional materials T

’ .

A \

ature and functions of ,the human

The instructional materials dealt with the n
which was

‘heart!, and the circulation of blood in the body. The verbal part,

the_ only information given in the READVERB and LISTVERB treatmenRs, consisted
L

of some 8%0.words.

| N . . '
rials some>general information about the lungs and the It
ror oxygen 1 first,given. In this context blood is described as ccasisting
blood plasma and red\blood cells. Transportation of
: “ \s then explained, along with
(left and right auricle)-left

sdy“s need

blood-in thge bbdy with the heart as a‘" P
{nformatibn .about the size, location and parts

and right ventricle) of the heart. 1t is alsofs§§Fed that when you sce a ’

e of the heart the right half is located on‘the left in the picture. .

\ -
o¥ the materials a red blood cell, called

pictur

~

In the main part of the remainder
"Berra Blodis",-is fqllowed on a trip through the body. The trip starts in

thé lungs where the blood-cell picks up oxygen. Berra Blodis then'entgrs into
.the'left ventricle and goes, from there into the left auricle. At this point
it i§‘mentioned‘zﬁpt blood can flow only from the auricles to the ventricles.
‘because there.is a kind of door,.the valve, which prevents blood from going®
thé other way. When the ventricle is fi1led with blood,‘thé valve closes, the .
‘wails contract, and ihe blood flows out into the arteries. These divide into i
smaller and-smaller ones, and. yhen'Berra Blodis arrives in the thinnest
arteries he delivers his'oxyéen with the muscles and the other parts of the
-body. He then statts his way back to the heart through veins that become
progressiveiy thicker. When Berra Blodis gets back té the heart he has
finished what i{ called the syitemic circulati?nl .

¥

N
. A

L%
.

auricle and goes, when the valve .

The blood cgli comes back ifito the right
e.is filled with, blood, the

{nto the right ventricle. When the ventrigl

@Ppens,
- valve closes, the walls contract, and ‘the blood flows through a vein to the
"v1lings, where the blood' cell again picks up oxygen. ) .

7’ . > -
. * s o

ci¢cuit the bloéd makes when it delivers

axygen is called the sYstémic circulation, and that the circuit the blood
mikes from the right ventricle threugh the lungs back to the left auricle is .

g N
.
. . <

It is then repeatedﬂtwicé that’ the

callgd the pulmonic cipcuLgtion.‘.

-~

-some parts were judged to’ be of a

The present content was chosen because
judged to be of a gpatial nature.

verbal nature, while other parts Were

. ~
P
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The pictorial information (i.e. the aduitional i{nformation given in the
READPICT and LISTPICT treatments) consisted of 14 illustrations. The 1llus—
trations ‘are all rather stylized black and.white drawings with 11tg}e detail.
The instructional material for the READPICT treatment is in its entlrety
translated into .English and reéproduced in Gustafsson (1976, pp. 202;>Q8).

~ AN

: | | \

2.3 Post—-tests

Immediately after subjects had neceivea instruction they were given 2 post-
tests;.one with vérbally formulated questions requiring verbal answers, and

— o . +,

, e
The verbal post-—test consists of 16 qhestions, some of which ;?@,hypothestzed
to refer to spatially demanding ccntent, and some of which are hypothesized
to refer to verbal content (see Gustafsson, 1976, pp. 209-210). From a subset
of these items 2 scales’were constructed. One, which will be referred to as
VERB, consists of 10 items in the verbal content category. The items in this
scale mainly ask for terms, and i some cases explanations of phenomena are
asked for. Examples of itéqg}in this scale are the %qllowing: "What are the
tubes. called that blood moves in?", and "What different things does blood
consist of?". The othér scale constructed from the items in the verbal ’
post-test consists of 4 items that ask to and frow which chamber ofgthe heart
blood flows in relation tp specified parts gf the body. Since these questions
test understanding of the relationships and relative localizations of the
parts of the system, they are hypothesized }o be of a spatial nature. This

one with pictorial items..

scale %s referred to as the V-SPAT scale. h

. . B R
In the pictorial ﬁbst-test there are 5 main questions, all of which, however,

consist of a different number of sub~-questions. From these items 4 have been
selected which.are pictoffal counterparts to the iteds in the V-SPAT scale.
Iq‘these iteps a picture is shown of the heart in which the-flow‘of blood is
indicated, and the task is to identify from where the blood is coming and to
where it is going. This scale will be referred to as the P-SPAT scale.

~The internal consistency of the scales has been Lnvestigated with procedures

for testing fit of data to the Rasé¢h model described by Gustafsson (1980) and
by .techniques for factor analysis of dichotomous data described ‘by Muthen
(1978). Both these types of aralyses indicated that the P gcales are uni-

A
- *
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dimensional, and that they measure different dimensions.

&
¢
e
EE S . .
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2.4 Aptitude variables ° | \

B} - -

Out of a somewhat larger set of aptitude variables available in the study,
the following will be considered ‘in the present analysis:

Opposites  (0p) 1is a test designed to measure verbal ability. The test )
consists of 40 items in which the task is to find the antonym of a given word
among four choices. The time limit is 10 minutes.

L]

Metal Folding {MF) is constructed to measure spatial visualization -«
ability. There are 40 items in the test and the task is to find -among 4
choices the 3-dimensional object that can be made from a flat piece of metal
Qith'ﬁEhQing lines marked on the drawings. 15 mindites are allowed for
completing the test. '

>

©

Number Series (NS) is designed to measure inductive reasoning ability. Tt
consists of 40 ftems where the task is to complete a series of 8 numbers, 6
of which are given. The time limit is 10 minutes. e

+

€ x
A Paired Assocliates (RA) learning task was given to assess associativé -
mefiory ability. The PA test was administeced on 2 occasions, separated about
3 weeks in time, as 2 parallel forms..Each form consists of 22 object-pairs.
For 11 of the pairs pictures of the objects are drawn adjacently and for 11
of the pairs labels of the objects are written adjacently. Within each form
the pairs of pictures and words are raddomly distributed, with the constraint
that no more than 2 palrs of the same item type may appear consecutively.
There exist 2 such random orders for each form. At presentation a’'slide was
projected onto a screen at the front of the class—room and left for 4
seconds. The set of 22 pairslwas shown twice, in the 2 orders. After the
dubjects had seen the pairs twice, they were given an answer sheet on which

-

the label of the left-member of each pair was writteh,'with instructions to -
£i11 in the label of the right-memberi The number ¢° correct answers toO the
two types of pairs was counted separately, but was collapsed over occasions.
These scores will be referred to as PA-PICT and PA-WORD respectively.

Y

The first 3 tests described above'weré constructed by Svensson (1971), while

" the PA test was constructed for the present study. Fgr Op, MF and NS the

<

14
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number of correct answers on odd and even {tems was summed and used as

half-test scores in the analysis. -

2.5 Method of statistical analysis

Multiple regression (MR) analysis is the recommended statistical technique
for analysis of data from ATI-studies (Cronbach & Snow, 1977). However, MR
assumes that the independent variables are fixed, i.e. that the observed
scores for any randomly chosen subject represent the true scores in which we
- are interested. But°most psychometric instruments yleld scores which are
contaminated with errors of measurement, and often an observed score reflects
more than one construct. The assumption that the aptitude variables are
perfectly reliable and valid is, therefore, violated by most Qmpirical data.

Violation of the assumption of perfect reliability results in biased
estimates of the within-treatment regression coefficients, and as a w
‘consequence estimates of ATI-effects are biased as well. The amount of bias

"is a function of the unreliabilities and intercorrelations of, the aptitude

variables. However, even with typical reliabilities and correlations the bias

is- fikely to be so severe that the risk of drawing incorrect conclusions ¢
2%aut ATIs on the basis of an MR analysis is high (Gustafsson & Lindstrom, .
Note 4).

Recently, however, a new class of statistical techniques has been developed

in which these problems are given elegant solutions, and which techniques

bring other advantages as well. These methods are referred to with different

labels such as structural equation methodology, structural zelations

analysis, and covariance structure analysis (for a review sep Bentler, 1980), ;
but all techniques belonging with the clags may be viewed as combining

" .confirmatory factor analysis with MR (or path analysis). .

Y-

In the present context it is impossible to give anything but a very cursory N
introduction to this methodology, but a short -description aiming at an
{ntuitive understanding will be attempted. The particular' technique relied
upon here is the linear structural felations (ngRéL) method of Jdreskog and

Ssrbom (1978, Note 5). )

In LISREL a distinction is made between the measurement model and phe
structutal model. In the measurement model relations between unobserved (or

L
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latent) vaciables and observed (or manifest) varlables are specified.
{n a confirmatory factor analytic mode. (e.g. Joreskog, 1969). In the
structural model, relations between the latent variables are specified in much
the same fashion as in path analysis.

%
<

In the present study there are 8 observed variables (i.e. the 6 half-tests
and the 2 Pa-variables). These observed variables may be hypothesized to
measure % latent. variables: the 3 “true" variables underlying performance on
the 3 tests Op, MF and NS, and a PA-factor (or ia, for assoclatlve memory).
This hypothesis 1s exprebsed graﬁhiéally in Figu- 1. .

“u R

In the Figure observed variables are enclosed in squares and”latent variables
in zlrcles. A stralght one~way arrow indicates a causal influence of one
variable on another, while a curved two-way arrow indicates a covariance,
without any assumption about causation. ' ¢

¢ a
ﬁ' ~

-

-

The 2 half-tests derived. from 0p: are hypothesized to reflect the latent
variable Ge. It is, of course, true that Ge is formally a higher-order
factor, while the latent variable defined by thé two halftests also includes
the specificitf of the test and the specific part of the primary factor
Verbal Comprehension (V). However, the contributions of these specific
variances s likely to be quite small in comparison with the contiibution
from the second-order factor Gc (cf. Gustafsson et - al., Note 2). In the same
manner the two half-tests derived from {{F are supposed to Feflqct Gv, and the

two NS half-tests are sugposed to ldentify GE.

]
v

In the parametrization of the LISREL model the relatlons among variables and
covariances among variables are specifled in a ser.es of parameter matrices.
Given, specification of a model, maxLimum likelihood estimates of the para=
meters can be obtalned from the observed covariance matrix (see Joreskog &,
Sérbom, Note 5). Under the assumption of a multinormal distribution of
observed scores, a chi-square test of the goodness of fit of the model can
also be obtained. ¢

»

. »

The parameters in the model in Figure 1 were estimated from the covariance

11
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matrix for the pooled set of subjects. The goodness—of-fit statistic yielded
a chi-squar> of 20.27. With.18 df this statistic is non-significant (p <
.32), so we cannot reject the model as fitting the data. -
The model shown in Figure 1 is an obiique factor wodel. The correlations'
among the latent variables in this model are all positive and gathér high,
ranging between .57 for the correlation between Gc and Gf, and .26 for the
correlation between Ma and Gf. This indicates that the latent variables have
a general factor Sor, perhaps, several “general” factors) in common.

It is possiblegeo Eormuléte higher-order measurement models within ILISREL

(cf. Gustafsson et al., Note 2). Such a model is shown in Figure 2. This model
assumes that the 4 latent variables are caused by another latent variable

(G): In addition to thqjcommonoc—factor, each of the first—order factors is
affected by a specific factor {Cc’, Gv‘,JGé’ and Ma“”, respectively) which is
orthogonal to G. Here the specific factors are treated as latent variables

which makes them available for further analysis.

-

¥ ©
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. Insert Figure 2 abodt here

‘The test of the model shown in Figure 2 resulted in chi-square = 25.46 with
20 df. Since the difference between the test-statistics for the two models is
not significant (chi~square = 5.19, df = 2, p < .08) it may be concluded that
it suffices with 1 higher-order factor to accouut Eorlthe‘relationships among
the first-order factors. Since the higherQOrder model is the more parsi-

wmonious one it will be used' as the measurement in the study of ATI-effects.

1f the treatment groups are random "samples from the same population,
estimates of all parameters should be the same, within statistical limits,
for the treatment groups. LISREL handles several groups oflpersons and it is
possible to constrain parameters to be equal over groups which makes it
possible to test such hypotheses about equal&ty of gtoups of. persons. A model
estimated ffom the within-treatment covariance m. irices, id which all paru~

meters were constrained to be equal over groups, resulted in chi-square =
133.03 with 128 df. The alternative model in which no equality coustrints
were imposed gave chi-square = 86.34 with 80 df. Since the difference between
these test statistics is not significant (chi-square = 46.49, df = 48, p <




I
¢

.54) it may be concluded th: the treatment groups atre samples from the |same

population. ° “ ‘

5 ’ oo

In some of the analyses of ATI-effects higher—order interactions with sex

will be considered. This makes it necessary -to investigate whether the same

measurenent model holds for both sexes, and a sequence of}models were tried
to tesr this. In these, the model shown in Figure 2 wag-modified to take into
account 'theé means on the latent variables as well (cf Gustafsson & Lindépr%m,

Note 4; Joreske & Sorbom, Note 5): ' \

. . N \

The same model did not fit both boys and girls (chi-square = 103.94, df =\64,
p < .001), so one or more of +he estimated parameters should be allowed

differrat estimated values for®the sexes. Further tests indicated that girls

had a higher mean on the Ma” factor, while boys had a“slightly higher mean on

the Gc~ factor. Differences also were found in the estimqfed error variances v
for the PA-scales, girls having a higher estimated error variance for PA—WORD\

and boys having a higher error variance for PA-PICT. Allowing these 4’

' parameters to take on different values for boys 1d girls a good overzll fit
was obtained (chi-square = 63.21 df = 60, p < .36). - .

"So far we have only dealt with the measurement model for the aptitude, .
variables, but it is pecessafy to specify a measurement model for the outcons
variables as well. This model will here be taken to be a very silmple one, in
which the 3 observed outcome variables (VERB, V-SPAT and P-SPAT) are each
taken to be identical with a latent variable. This model thus assumes that
there are no errors of measurement in the ouicome variégles This assumption
is, of course, false but it may easily be demonstrated that errors of
measurement in the dependent variables do not bias estimates of within-

treatment regressions.

The full LISREL model is obtained when the measurement model for the aptitude
variables is put together with the measurement model *for the outcome '
variables. ,This model is shown in Figure 3.

In this model the outcome scales are hypothesized to be affected by G, and
these relations correspond with estimates of within-titeatment Fegressions 1n™
MR. There may, of course, also be relations between one or more of the
outcome scales and one or more of the specific latent variables, but for
reasons of parsimony these are not included in the basic model.

The within-treatment regressions onto the latent variables may be tested for
equality in the study of ATI-effects. As has already been mentioned it is
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also possible to estimate parameters representing the means of the latent

variables and the intercepts of the outcome scales. A sequence of LISREL
nodels provides, therefore, all the information necessary for a complete
analysis of ATI-effects. .

-

3
©

-
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3 RESULTS
4

In the first step of the énﬁlyses the model shown in Figure 3 was fitted
.within each treatment group to see whether any of the specific latent
aptitude variables had a significant relationship with the 6u;come scales.
Some such relationships were indeed found. Iﬁvihe READVERB treatwment the
regression of VERB on MA” was signiftcant, as was the regression of V-SPAT
on Gv~. Within the READPICT treatment the regressions of V-SPAT and P-SPAT on
Gv” were found to be significant. These findings indicate the presence of
ATI-effects in the data, even though no firm conclusions may be drawn from
these analyses alone. However, in the model used for investigation of
ATT-effects these further relationships were allowed for within all®
treatments. .

>

<

The analysis of the results of the study was conducted as a sequence of
increasingly complex models, in which main effects were first studied, then
first-order ATI-effects, and finally higher-order interactions involving séx.

ALY




3.1 Main effects

. b

The overall test of siéntficange of the main effects for all 3 outcomes
simq}faneously is hiéhly significant (chi-square = 65.89, df = 9, p < .00L).
1t .is meaningful, therefore, to go on to study the effects with respect to
particular outcomes and treatments.

The desiga of the study is such that. 2 cteatment dimensions areqfully crossed

.. in a 2 X 2 design. With LISREL it is not possitle to investigate simul-

taneously the main effects and the interaction, as it would be in an ordinary
2 X2 éﬁalysis of covariance. However, by perfooning a sequence of analyses
in which the intercept terms are constrained to be equal in pairs of treat-
ments, it is possiblé"fuxemulate tests of main effects of the reading/ - . o,
listenlng and illustrations/no illustrations factors, as well as of the ~
interaction between the factors. Tﬁé\reSulgs from these tests are presented
in Table 1. ' ST

- - —— — ot e s s i s et 2P
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¢ . Insert Table 1 about here

- -
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The overall effect of the treatments is sign{ficant for all outcomes, and
most highly so for the P-SPAT outcoae. ﬁbt the VERB scale the separate

tests of main effects show the LIST/READ factor, but not the VERB/PICT factor
to be significant. Since the effect of the listening/reading factor
completely accounts for the 6verall ef fect with respect to this outcome it
may be concluded that there {s no interaction between the two treatment,
factors for this outcome. For the other 2 putcomes both tests of méin effects
are significant, while at the same time none is able to account completely
for the oqerall effect, which does indicate an interaction between the

v

treatment factors. . —y
The nature of the interaction is revealed from the estimated within-treatment
intercept parameters presented in Table 2. The hfghest level of outcome-on
the V-SPAT and P-SPAT scales igﬂgphteved in the LISTPICT CEeatment, while in
the other treatments there are no large differences in level of achievement.
The better achievement in the LISTPLICT treatment accounts completely for the
overall treatment effect foundwith respect to V—SﬁAT and P-SPAT (V-SPAT:

~

N :
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chi-square = 15.55, df = 1, p < .N01; P-SPAT: chi-square = 34,08, df = 1, p <
.001). .

—————————— e e =

Insert Table 2 about here

’ <

According to the theory of suppression of visualization by reading, a.higher
level of performance is expected in the listening treatments’ than in the
reeding treatments with respect to the spatial type of outcomes. No clear
suppdrt is obtained for the prediction, even though the descriptive pattern
of results toE}ome exteng’favors the hypothesis. However, the interaction
between the treatment factors does indicate that interpretation of pictorial
information is unfavorably affected by reading. It also may be noted that
that with respect to the verbal type of outcome listening is inferigr to-

reading. ) . .

3.2 ATI-effects . 4

An overall test of ATI-effects is obtained if the fit of a m9de1 in which all
within-treatment regression coefficients are constrained to be equal in all

treatments, Lg compared with the fit of a model in which they are allowed to
vary. This overall test is highly significant (chi-square = 32.76, df = 18, p

]

< .018). \\\\\\ .

Table 3 presents resultg\ﬁgom statistical tests carried out to ind{cate for
which particular combinatio of aptitudes, treatments:and outcomes inter-

actions are found. .

G and Gv~ the overall interaction is
1 tests based on the treatment

Orily for the regressions of P-~SPAT o
significant. However, in the more power
contrasés more regressions are sigrnificantly différent across levels of the
LIST/READ treatment factor. These include thegegression of V-SPAT on G, the
regression of VERB on Ma“” and the regression of V<SPAT on Gv”.

The estimated within-treatment regression coefficients\are presented in Table
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4. For the interactions involving G the pattern is such that the regressions

are steeper in the 2 LIST treatments than they are in the 2 READ treatments.

For the regression of VFRB on Ma” higher coefficients are found in the READ
treatments than in the LIST treatments, which is also _true for the regression

of V-SPAT on Gv”. There is ‘thus a pattern such that G has a_ higher relation-
ship®with the spatial types of catcome in the treatments involving liste- ’

ning, while there for some combi rations of speclalized aptitudes and outcomes -
are higher relationsips in treataents involving 1ietening.

~
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The overall interaction is significant for the regression of P—~SPAT on Gv),
but none of the treatment contrasts is significant for this combination of
variables. The coefficients in Tahle 4 indicate that this is because GV~
predicts P-SPAT in the READPICT treatment, but not in any of the other
treatments. Allowing only the parameter in the READPICT treatment to be free
causes a large improvement in the test-statistid (chi~square = 8.39, df=1, p
< .004), which improvement completely accounts for the overall interaction
feund’wi;h this combination of variables. .g
In the final "step of the statistical énalysis of first—order ATI-effects a
model was fitted in which only paramekters with significant differences
between treatments were not constrained to be equal. This model fitted so
well (chi-square = 275.95, df = 261, p < .25) that any attempt at further
improvement of fit would have to rely on chance -effects.

1
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3.3 Higher—order interactions with sex-

, . 3

[N

~

However, .even though this model fits well there wmay, Pf course, be higher
S\ order interactions with sex; and possibly with other factors as well.

* ©
»

The overall test of interaction between sex and the treatment factors is not

.. sténif&cant (chi-square = 18 .62, df = 12, p < .098), and nor do separate

. analyses of each of the 3 outcomés disclose an interaction between treatment

- and sex. Higher-order interactions between sex, treatment and aptitude were’
in the first step studied by {nvestigating-whether the final .madel from the
analysis of first~order ATI effects is lnvarianc for the sexes. This hypo- -

* thesis had to be rejected (chi-square = 20.64; df = 11, p < .037), so in the
next step the same sequence of tests:as waé conducted for the pogled sample
was repeated within the sexes. The results are presented in Table 5.

+ - to
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Insert Table 5 about here X . ‘ .
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As may Be seen in the table the results are dramatically different for boys
and girls: for boys no significant {nteraction is found, while for the girls
there are several significant {nteractions. The results obtained in the
analyses of the pooled, sample fall in between the results obtained in the
within-sex analyses, thus indicating that the interactions found earlier ate
almost entirely accounted for by the glrls” results. ) )

- ~

_There .is one exception to this_ pattern, however. In the pooled analysis ,the
regression of P-SPAT on Gv” was found to be steeper %n the READPICT treatment
than in the other treatments, but in the analyses conducted with the sample
divided according to sex no significant {nteractlons is found for this
comsihation of aptitude and outcome. The most likely explanation for this is
that the interaction holds true for both boys and girls, but that the loss of
power resulting from division of thé sample makesg detection of the effect

impossible. . ’ . : ’ .

k]

Also presehted in Table 5 are separate tests of {nteractions with each of the
2 treatment factors. From these {'t is clear that all the overall interactions -
are completely accounted for by differences between the vegression slopes for

b £y




the treatments involving reading on the one hand, and ghe treatments *
involving listening on :the other. ’ s

° ' » N . ) .
Table 6 presents statistical tests of the differences between the regression '
coeffficients for boys, which are taken to be invariant over-treatments, and ,

the negggfsion cogfficients for girls in the READ- ind LLIST~treatments, o* - . .

.

respectively.”

'I
Insert Table 6 about here .

o
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" Since the coefficients for boys tend to fall in between those for the girls
{n the READ- and LIST-treatments, only few of the pairwise tests are
signgficant. However, the regression of VERB on Ma“ is significantly steeper
for girls in the READ-treatments than it i§ for boys. A very large difference
is also found for the regression of V-~SPAT ‘on Gv~. For boys, and for-girls in
the READ-treatment this relazionship is positive, while it is negative for,

gf}ls in the LIST—tre%Fmgnts.

.
.
~ »

Tt will be_rememhered that in thé'analyses within sex the'intefactton
involving P-SPAT and Gv~ was not significant, which was suspected to be due
to loss'of power. However, freeing the regression coefficients in the
READPICT treatment but imposing constraints of equality over the sexes, a
~very large improvement in fit is obtained (chi-square = 17.74, df = 1, p <
,001). Thus it may be concluded that the failure of this interaction Q? be

significant in the analyses within sex.was due to loss of power.

In the very last step of the st;tisticaldanalyses a deel was set up in which |
all parameters with a chi-square less than 1.0 for the difference between

boy§ and girls were constrained to be equal. This model had an acceptable fit
(chi-square = 602.68, df = 559, p ¢ .10). The estimated within-group

reg;essioﬁ coefficients of this model are presented i; Table 7.

The results presented“ig Table 7 summarize the ATI findings of the study. The
most important interactions are found withr respect to the 2 spatial outcomes,
and in these: interactions both G and Gv” are involved. On the verbal test of
Spagial odtcome‘high-c girls having a treatment involving listening perfomm
well, while the high-Gv girls perform”poorly in these treatments. On the

-
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- The only interaction

. . v - ¢ .
pictortal type of spatial outcone the H?gh—c girls that had a treatment

involving reading perform worse than any other high*G group. Another finding
related to the P-SPAT outcome is that in .the READPICT treatment the high-Gv™ .
pupils perform better than the Low-Gv~ pupils, which is not the case+in any

other treatment. , : c.
v, ‘e . '
: s ¢

« * . .
found with respect to the verbal.type of outicome *
. H M

3
‘

involves Ma“”, «such that among girls having a treatment Lnvolving readi&g
thére is a positive relationship between this aptitude ard the VERB outcome.

.

- » . ‘ .
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4 DISCUSSION AND CONCLUSIONS .
3 ' .« -

Acébrding to the theoretical ﬁrémework sketched upoﬁ”in the Introduction
visuwalization processes are not compatiable with reading processes. 1t was,
therefore, predicted that on spatial ty;es of outcome performance'would be
better in treatments involving listening than in treatments involving
reading. It was‘also predictea that pupils having a good visualization *
.ability would perform particulaély well on this type‘of outcome when liste-

.ning. However, the results only partially conform with these predictions,

and even though the findings do not overthrow the theoretical framework, it
will need modification to accomodate the present results.

The highest overall -level of performance on spatial o;tcomes was obtained in
the audiovisual (LISTPICT) treatment. As predicted there was also a tendency
towards a h{ghér level of performance in the LISTVERB than in the READVERB
treatment, but this finding failed 'to reach statistical significance. Some
.evidence in favor of th; hypothesis of suppression of visualtzattbn in
reading is therefore obtalned, but the evidence is not strong.

s *

kS

qué@ér, the high level of performance in the LISTPICT treatment indicates
that pictorial informaéipn is processed;more ef ficiently when the verbal
information is presenféd auditively, than when it is presentédsvisually: This =

-
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" to processes performed s{multaneousyy. The hypothesis in terms of thé;verbalj

‘difficulty-tGIF}iﬁt PHetween ‘reading and interpreting‘pictortal_gnformatto 4
g ’ N - N

selected for further processing. But while the visualization processes are

%

L
.
.

mé} be interpreted'as supporting the hypothesis that ;eading suﬁpresses
interpretation and acquisition of picturial information. Lo
In the Introduction specific hypotheses:ahout the mechanisas involved in the
suppression were discussed.’Accbrding to‘one hypothesis, reading.and picture
}nterpretation are both visual brocesses, and they can theref&re not be
"performed simultaneously. According to another hyppthesis, reading is an
exclusively verbal process, which once started is not easily disrupted in

favor of another kind of processing. '

w .

Reading the 1llustrated matgrial involves shifts of attention within the 2 ’ \
visual modality, while the audiov}sqal tregfment i{nvolves between—-modality
shifts of attention. It would seem, however. that the hypothesis in terms of
similaricy of reading and visualization is 6oor1y‘equipped to zccount for the
difficulty of the within—modal%ﬁy shifts, since this hypéthests only refer§”’

~

A ]
nature of the readihg process‘would, however, be able toaaccount for the
Y ~ £ ’ b -’ ? ’

Almosé akl-ATI effiects féunﬂ {nvolve the treatment factor reading vs -~
1lsteﬁin§1and the aptitude variables G and Gv”. This indicates that

thg‘treatments‘to different degrees support visualization procéssés, but -
that this is contingent upon individual differeqpeg. A . 2 &

: ) . . . : ,\
Taken together, the results indicate that in the 1i§tening.treat@énts(the T~
spatial type of achiévgment was especiélly_poor for girls high in Gv” *and Iéw- “b
Jin other abilities, while insthese treatments'peEfonhance‘was esbecially good )
for girls hig% in.all abilféies. This may be interpfeted-tb mean that it was | s

aasier to visualize in tFéatmgnts not requiring reading, but thatgthé"
visualization was harmful rather than'helpful unless a high level of general
ability ensured that the visualization processes were ptoperly executed.

. - . —

Ihisemay be because coordination and inté&relatiqn of pgoce@ses‘is of great
‘{mportance in the treatments involving 1istening?’When listening the verbal ‘
information has to be decoded, and the spatfal type of épntedt has to be N

,performed new information may arrive which must pe decoded, and it ts'oﬁ -
course.in each step necessary to take into-account the results of previous

sprocessing steps.'wh{te each of_the,processes need not bg,difficq%t to .
perform the proper sequencing and interrelating of processes may be quite
demanding, and it may be hypothesizéd that it was the pupils with a hng
general.ability that were Host ablq to perform these tasks. )
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This interpretation, which is also an interpretation what it means to have a
~high general ability, comes close to Snow”s (1980; cf Gustafsson et al., Note
2)iinterpretatton of Gf in terms of the efficiency of control and assembly
processes. The interpretation also comes close to the theoretical framework
developed by Wilkinson (1980) to account for the development of skilled ’
reading. However, the findings were significant only for the girls, so the

\

interpreration must be elaborated upon somewhat.

v

Research on hemispheric laterali tion of cognitive functions indicate that
for most persons verbal-logical p-ocesses are localized in the left, :
hemisphere, while wholistic spatial proces’ses are localized in the right .°
hemisbhere,(e.g. Dimond & Beaumont, 1974; Nebes, 1969). However, several
studies (e.g. Kimura, 1969; Levy, 1976) have shown females to display .
lateralization of function to a lesser extent than males do. These findings

of incomplete lateralization of verbal and spagtal function among females

spatial tests than males.

I

-

1f the .interpretation of the ATl-findings suggested above is recouched in
such neuropsychological terms, it might be said that the cooperatfon between
the hemispheres is of great, importance, and that G may index the efficiency
of cocperation. However, for cooperation to be necessary it must be assumed
that the processes are differentially locclized. One might ﬁkpect; therefore,
that amoné two groups of persons, coordination and cooperation would be more

P

important in the group with more complete lateralization. But .the findings
are just the opposite, showing a steep regression of spatial outcome ‘on G
for girls in the groups that listened. It would .thus seem that the previously
suggested interpretation is *incompatible with the notton of incomplete
lateralization of function 3mong females.

< ’
-~

There is feason to SQSpect, however, ﬁhat'the,theory of sex differences in

e ’degtee of 1oqglization’of function is too simple. Hannay (1976) studied
visual “ield effects in the perception of simple geometris designs. For
females, perforpanhe in the right visual field was the same as in the left

N vi§ua1‘fie1d. For males such tasks typically yield left field supériority, $0
the result for femalgs might be interpreted to support the theory of
‘incomplete lateralization of function. But Hannay (1976) also administered

" the WATS Block Design test, which 16 a measure of Gf and/or Gv, and observed .
a&dné ﬁemales a correlation thwéen test scores andﬂvisual field superiority,
such that subjects with a left field superiority had significantly higher

} Block Design scorés than -had subjects with right field guperiority. Among a

¥
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have been cited to account for the tendency for females to score lower on -

*
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group of males no such correlation was found.

These results tndicate that the heterogeneity ofVLatefaliéatioh of functt&n
is greater among females than among males, such that one subgroup of females
has as complete lateralization of function as males, while another subgroup
of femaleé tends to solve visual/spatial tasks using left-uemisphere
functions. 1t aléo seems that-dagree of lateralizagion among females is
related to level of performance on'tests of general or spatial abiliey.
Given this modification of the neurdpsychological theory, it does seem to fit
better with the proposed interpretation: In the treatments involving’
l1istening the interplay of verhal and spatial types of processingﬂis crucial.
Each tvpe of .process 1is performed‘host efftciéntiy if lateralized along = ‘
hemsiphéric 1ines,(but.it also requires coordimation of the different types .i
of processes. Among girls degree of lateralization is related to level of
ability, and level of ability therefore predicts achievement in the treat—
‘ments involving listening. In the treatments involving reading, however, -
subjects are forced into a more exclusively verbal kind of proéessing and”

v

degree of lateralization is not important. . N

So far the discussion has been concerned with the verbal test of spatial
outcome. But for the other outcomes somewhat different patterns of results

were obtained. K
With respect to the pictorial test of spaFial outcome (P-SPAT) a less steep ' ‘
regression onto G was found for girls in the tireatments ‘requiring reading. ) .

This result may indicate that the girls who read treated the matertal in a

more purely verbal manner, not visualizing in the unillustrated treatment and -
not attending to the illustrations in the illustrated treatment, thus

preparing themselves poorly for answering the pictdrial type of post-test
questions. Such an interpretatign would be compatible with the observation

that females more often than males fadopt vg%balTanalyttcal strategles in '
solving spatial problems. The finding that Ma“ was'felated to the test of \r\\g
verbal outcome for girls in the treatments involving reading may be taken as

another indication that they approached the task in a verbal manner.

For both boys and girls a positive relationship between P—SPAT and Gv~ was
found in the READPICT treatment, while there was no association between these
variables in any of the other treatment groups. Tt will be rembered, however,
‘that a main effect was also found for this outcome, such that level of
performaice was higher i{n the LISTPICT treatment:than in the other
treatments. In the READPICT treatment subjécts with a high level on Gv~
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performed at the mean level in the LISTPICT treatment, so the lnteraction was
ordLnal-

This seems to he one of the few findings in.support of the hypothesis that
high Gv~ pupils perform better with an i1ilustrated than with an unillustrated
to explain why the same result was not

and why the results

treatnent. It is necessary, however
found With _respect to the verbal test of .spatial outcome,
in thé LISTPICT treatment are different from those in the READPICT treatment.
From the Introduction fe will be remembered that several studies may be ’
interpreted, to {ndicdte that pupils high in Gv are better at learning
illustrations than are pupils low in Gv. Hi?h Gv pupils may therefore be
expected to perform well in an {1lustrated treatment when acquisition of
pictotial content is advantageous. With respect to the pictorial test of
spatial outcome it does seem to be an advautage 1f the illustrations in the |
teaching material are remembered while for the other outcomes this carries
no special advantages. The finding that the interaction was restricted to the
pictorial type of outcome provides, therefore, support for the hypothesis
advanced hy GistaFsson- (1976) that Gv is of importance in an illustrated
treatmenty when acquisition of the illustrations themselves 1s beneficlal for
achievement. . .
The“fact that in the LISTPICT treatment no relationship was found between Gv”
and the P~SPAT outcome can probably best be accounted for with reference to

the distinction between incidental and intentional learning. Sheehan (1971)

hag shownwthat spatial ability is related to incidental acquisition of

pictorial information, but not to intentional learning of pictorial
information. From the hypothesis of suppression of pictorial perception by -
reading follows that in the READPICT treatment the subjects” focus of
attention was directed more towards the text than towards the illustrations;
learning the illustrations in the READPICT treatment ‘therefore had the *
characteristics of incidental learning In the LISTPICT treatment, in
contrast, everyone could focus on “the slides undisturbed by a reading
requirement, which explains the higher general level of perfogmance and the

lack of relationship with Gv™.
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Table 1. Results from tests of wmain effecté and" i

nteractions between the

38.49% 3 19.38% 1 16.13%

treatment factors.) -
’ i o ) Main %ffects ) ‘
' Overdall effect VERB/PICT LIST/READ
Nutcome Chi-sq df Chi-sq df Chi-sq df
" VERB® ‘ Sy 3 0.03 1 7.55% 1
V-SPAT 19,01%* 3 6.84% 1 11.59% 1,
P-SPAT 1 -

Note: * indicates

o

.

%

»

significance at the 5 per: cent level.

~
v
|

‘ ) .
Table 2. Estimates of the within-treatment intercept parameters.

e

Treatment .. _
Gutcome ‘READVERB . READPICT LISTVERB LISTPICT
» VERB 0* ‘l\ v "0005 N ""0058 —0046
Ty-SPAT - ° 0% | 0.21 0.31 0.74
P-SPAT 0* k 0.31 0.27 ‘ 0.97
L
Note: * indicates a £ixed parabeggr. .
: o | \
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.
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Table 3.

Results from statistlical tests of aptitude x treatment interaction
ef fects. . ‘,
Interaction with
Regression Overall interaction READ/LIST VERB/PICT
of on ' Chi-sq df Chi-sq df Chi-sq df
&
. VERB G 4,01 3 1.71 1 0.10
V-§PAT G " 5.86 3 5.49% 1 0.08
P-SPAT G , 9.92% 3 S9.13% 1 0.46 1
VERB Ma’ - 6072* 3 5061* l 0063 . L\‘
V-SPAT Gv~ 4.49 3 4.17% 1 0.06 -~ 1
V-SP'AT_.‘ GV’ 8098* 3 ’ ’ 3071 1 1065 1
Note: * indicates.significahce.at the 5 per cent level.
.Table 4. Estimated within-treatment regression coefficients.
. Treaément

Regression
of on READVERB READPICT LISTVERB LISTPICT
VERB G .. 0.83 1.13 1.24 : 1.10
V—SPAT G ‘ 0016 001.-5 0043 0054
P-SPAT G 0.20 0.25 0.55 0.70
VERB  Ma“® 0.19 0.10 0.0y ~ “T0.,00 -
V=-SPAT GV~ 0.12 0.13, 0.03 0.01

Gv”~ 0.02 0.18 .0.00+" 0.03

P-SPAT
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Table 5. Statistical tests of aptitude x treatment interaction effects:
separately for the sexés.

-

©

»

s

Interaction wgph

Regression Overall interactton ) READ/LIST VERB/PICT
of on Chi-sq df Chi~-sq df Chi-sq df-
’
ROYS
VERB G 1.23 3 Y v T
V-SPAT G 3.22 3 L .
P-SPAT G 3.01 3 ) .
VERB Ma” "1.30 3 ‘ ’
V-SPAT GV~ ‘ 0.57 3 )
P-SPAT Gv~ 5.64 3 .
R »
N k-
GIRLS ’
VERB , G 6.19 3
V"SPAT G ~8o60* 3 6097* 1 0'.11 . l
P-SPAT G 13.38% 3 11.81% 1 0.15 1
VERB  Ma® 8.39% 3 4.91% 1 0.15 !
V-SPAT Gv~ 12.30% 3 10.71% 1 0.08 1
P-SPAT Gv~ 5.37 3
level.

Note: * indicates significance at the 5 ﬁér cent

s




Table 6. Within-treatment regression coefficients for boys and girls, and
tests of their difference.

Coefficiénts . Tests
Girls Boys vs Boys vs
. Girls-READ Girls-LIST
Regression e T . ' .
of . on *  Boys READ LIST Chi-sq df Chi-sq df
VERE G 115 1.00 1.00 0.86 1 0.86 L -
V-SPAT G 1 0.27 ~0.22- 0.5  0.10 1 2.87 1
p-SPAT G , ,  0.44 0.20 0.50 2.93 1 0.15 1
VERS Ma“ 0.03 0.18 . 0.02 . 4,10% 1 0.02 1
- V-SPAT Gv~ - 0.11 : 0.10 -0.10 0.01 1 9,10~ 1
P-SPAT Gv~ 0.03 0.06 Q.06 0.46 1 0.46 1

»

Note: * indicates significance at the 5 per cent level.

-

Table 7. Estimated within-group regression coefficients by sex and treatment.

Regression » READVERB READPICT ‘LISTVERB ) LISTPICT

of on Boys Girls Boys Girls Boys Girls Boys Girls
V-SPAT G 0.25 0.25 0.25 ,0.25 0.25 0.57 0.25 0.57
P-SPAT G 0.50 0.17 0.50 0.17 0.50 0.50 0.50 " 0.50
V-SPAT GV~ 0.12 0.12 0.12 0.12 0.12 -0.13 ~ 0.}2 -0.13
P~SPAT Gv~ 0.00 0.00 0.18 0.18 0.00 0.00 0.00 ~ 0.00
VERB Ma“ 0.03 0.17 0.03 0.17 0.03 0.03 0.03 0.03

Note: All numerically identical parameters are constrained to be equal.
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