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THIS STUEY WAS THE SECOND FART OF AN INVESTIGATION CF
VERBAL LEARNING IN CHILDREN, THE FIRST FART BEING CONCERNED
WITH THE EFFECTS CF AUDITORY, VISUAL, ANC COMBINET
AUCIOVISUAL FRESENTATIONS UFON THE LEARNING OF VARIOUS KINDS
OF MATERIALS IN A PAIRED-ASSOCIATE FARADIGM. THIS FORTION OF
THE STUDY INVOLVED AN EXTENSIVE INVESTIGATION OF THZE
FPARAMETERS OF THE EARLIER FINDINGS. THE FURFOSE OF THIS
FORTION OF THE STUDY WAS TO EXFLORE THE VARIABLES THAT
DETERMINE THE SELECTION OF A SINGLE MODALITY FROM A BIMODAL
FRESENTATION. AS A RESULT, THE DIMENSIONS OF MEANINGFULNESS,
+HE RELATIONSHIF OF MEANINGFULNESS TO THE STUDENT'S CHOICE OF
THE AUPIO OR THE VISUAL. MODE OF FRESENTATION, AND THE EFFECTS
OF THZ FINCINGS ON THE ECUCATION ANC TRAINING OF NORMAL AND
HARC-OF ~{EARING CHILDREN WERE INVESTIGATED UNDER CONDITIONS
OF A RECALL, FAIRED-ASSOCIATE FARACIGM ANC THROUGH
ESTIMATIONS OF ASSOCIATION VALUES FER A LARGE FORTION OF THE
MATERIALS USEC IN PAIRED-ASSOCIATE TASKS. THE AUTHOR
CONCLUBED THAT THE CONCEFT OF MEANINGFULNESS IS MORE COMFLEX
THAN HAD BEEN ASSUMED AND THAT SUCH FPARAMETERS AS “THE
ABILITY TO FRONOUNCE" AND "PISCRIMINABILITY" AFFECT LEARNING
IN CHILTREN ‘IN THE SAME MANNER AS THEY DO IN ADULTS.
MORECVER; MEANINGFULNESS IS NOT TO BE VIEWED IN AN ABSCLUTE
FASHION BUT IS ALWAYS RELATIVE TO THE CONTEXT IN WHICH THE
MATERIAL TO BE LEARNEC IS FLACED. TO THE EXTENT THAT THE SAME
MATERIALS FRODUCED DIFFERENT LEVELS OF FERFORMANCE IN
CIFFERENT SITUATIONS, MEANING CAN BE SAIC TO BE RELATIVE. THE
FIRST FART OF THIS FROJECT 1S EL 001 264, (GD)
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INTRODUCTION

- Tne present stﬁdy grew out of two previous investigations by
the author of verbal learning in both normal and hearing-handicapped
children. The initial study (Cooperative Research Project #289 en-

titled Verbal Learning Among Children with Reduced Hearing Acuity)

was concerned primarily with evaluating the effectiveness of a com-
bined audio-~visual presentation of méterial in teaching hard-of-
hearing childrea. HNormal-hearing children were also tested to jro-
vide a basis for comparison. The results suggested that a combined

' audiorvisual'présentation bénéiited neither normal-hearing ;hild;en
nor those with varying degrees of hearing loss.

These findings were surprising and had implications for teach-
iﬁg in general; Eowever, ﬁithoﬁt further evidence, they were re-
stricted to the materials and paradigm used in the project. 1In
order to more fully evaluate the generality of the findings, an ex-

i tensive investigation of the parameters imvolved was designed.
’.Because of the depth and breadth of the area under study, two pro-

jects weré conducted.

Part I (COOperatlve Research Progect #1001 entltled Verbal and

Nonverbal Learnlng in Children Including Those with Hearing Losses)

" explored met@odically the" effécts of auditory,- visual, and combined -
;i audio-visual modes of presentation upon the learning of three .

classes of materials: meaningful-verbal, i.e., words;‘nonmeaningful-

. verbal, i.e., trigrams of the form “consonant-vowel-consonant"; and
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nonmeaningful-ponverbal ﬁateriél, i.e., sounds or symbols without
readil& arailable labels. Normal-hearing children ranging from pre-
school thgoug@ the twelféh grade were tgs?e@-to determine the role
that age plays in ﬁérformancei Children in residential échools for
the deaf were'teste&'with the same materiéls.and pro;edures to deter-
mine the chaunges in performance as a function of the loss of effi-
ciency in one modality,

The results of Part I verified and extended the findings of the
initial study. A combined presentaéion vas never superior to the
better of tﬁeftQO single modélity presentations ;egardless of age,
material, or heéring ability. The findings also‘suggested that the
normal child selects the single modality which is most meaningful
when faced. with a bimodal task. In the séme way, the deaf child
might be viewed as selecting the more meaningfui single modality, but
in his casé the visual channel is alwzys more meaningful. ~Again we
were left with results which, if generalizable, would imply a re-
examinafiqn of the teaching methods used with both normal and hard-
of~hearing children,

Thé preéent study constifutes Paft Ii of the investigation.

Its purposes were to éxplore the variables which determine this "uni-
modal":fesponse in the child. The dimensions of meaningfulness came
under scrutiny since these.%re involved in the choice of modality.
Attempts were made: to defermine whether the preferred modality is
solely a function of material iz normﬁl—heéring children. The supe~-
riority of a combined presentgtion has not been demonstrated in ex-

periments where either single channel provides enough information to
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master the tagk,»”Howeve?;_taské‘whére the combined approach is ne-
_CES5ary, 1.6+, where the unique stimulus is obtained only by inte-

grating information from the auditory and visual channels, have not

- -
’

beern studied.» Thgse siéuatiqns are more representative of those
‘éccurring normally and the variables determining the effectivensess

of such conditions were examined. With the results from Parts I

and I available, the roles of modality of presentation and meaning-

fulness of material can be evaluated more precizely. The importance

of these variables in the learning process of both normal and

-

hearing-handicapped children is obvious.

’
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- ness" or the dimensions of meaningfulness in childrén, (2) to study

OBJECTIVES

" g

Thé major goals of this‘project are: (1) to define "meaningful-

the relétionship of meéningfulness to sensory channels of presenta-

v vt e B e

tion, and (3) to relate the findings to the education and training
of normal and hard—of-hearing children.
Answers to the following types of questions were expected from

analyses of the data:s

a, How important is the discriminability of the items in
a learning task? 1Is learning fasier with grecter dis-
criminability? - -

b. Does similarity of meaning or similarity of symboliza-
tion cause more interference? Can the effect of simi-
larity in one channel be overcome by dissimilarity in
the other sensory channel? .

c. Is pronounceableness an important item in verbal
learning? * Assuming equal associative values, will
pronounceable material be easier to learn than nonver-
bal material? What is the effect of subvocal pronun-
ciation on learning?

o

d. Given a complex learning task, will the subject do ’
better if he learms components of the task first or if
he is faced with the entire task right from the start?

e. How flexiblé is the phenomenon of modality preference?
' Does bimodal attention occur if the situation demands
it? .

f. Do.subjects with moderate hearing losses perform more
like normal or like "deaf! subjects in a bimodal situa-~
tion? That is, do they respond to meaningfulness or
to. modality? :

]




RELATED RESEARCE

The present siudy is the second part of an inveztigatior of ver-

bal learning in caildren, Part I being Cooperativs Research Project

#1001 entitled Verbal and Honverbal Learzing in Children Intluding

Those with Hearing Losses. The first part was itself an elaboratica

_of Cooperative Research Project #289 and was concerned with the eif-
fects of auditory, visual, and combined audio-visual presentations
upon the learning of various kinds of materials in a paired-associate
paradigm. A review of the findings of Part I shows that children
usually attend to'qnly oné_modality whenever two are used; i.e., the
éombined presentation was never superior to the better of the two
single modality presentations., This is true over the wide age range
of children tested. It also secemed that the modality receiving the
attention was that containing the more meaningfpl material. These
same generalizations hold for hearing-handicapped children as well,
since the visual modality is always the most meaningful by defini-
tion for such children.

Two important factors demanded further investigation: (1) the -
parameteis of meaningfulness for children, and (2) the pafameters of
unimodal. attention to bimsdal stimﬁlation.: These form the core 6f
Part’I;;iﬁhé present study. |

Meaningfulness has aIfeady'been examined in adults with results

that argﬂfar from satisfactory in providing a good, concise, cbjec-

‘tivg definition of the concept. However, yhile we still do not

i
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know what mesningfulness is, there 4 good agreement a5 to how to
'.aeasﬁre‘it; Underwaod and Séhﬁ}z (1960) examined the many ways in
wﬁiﬁh moaningfulfiens has baen scaled and concluded, from the high
1ntercorre1ations, that all are tapplng the same underlyzng dimen-
sion (presumably meaningfulness)

Previously, we had defined our matérials as meaningful in
terms of adult scale valueés. The performarce of children varied as
predicted with changes in meaningfulness assuring us that the same
concept is valid for children. However, it was necessary to examine

s

nore cicéely the meéni&gfulness of our items in terms of children's
norms in order to be precise in our discussions of the effects of
méaningfulness upon learning.,
0f importance also in assessing the meaningfulness of verbal
material for children was the examination of differences with
deaf children. Differencés night be expected from the fact that the
two groups of children acquire language in different ways. The nor-
mal-hearing child first learns language aurally, then visually;
whi}e the deaf child learns the same language visually, and then
’aura;ly, in most cases. Several studies Qave shown that transfer
from an auditory to a visual modality is better than the opposite.
Gaeth (1960; 1963) and Pinsleur and Bankowski (1961) report a decre-
mépt in lehrnigg'when switcﬁing from a visual to an auditory presenta-
tion; The éxtent to which the two classes of children scale the
samé ve:bai;ﬁa%érial<diffenentiy should provide insight into the
_qunéept ofrmééningfﬁ;ness. It would alga,aid in determining the

most. efficient approaches to use with the deaf in a learning
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situation.,

The second major problem to be investigated, that of unimodal
attention tc a bimodal stimulus, has reciived much attention from
*ti;_eorists who are concerned with'the capacity of man t:?: handle. in-
coming signals. Many have concluded that man is inffinéically un-
able to process more than one signal, or '"bit" of information, at a
time. This concept has been variously described as a single-channel
system (Broadbent, 1956). a psychological refractory period (Davis,
1959), or a central decision prccess (Adams, 1962). While the
labels may‘differ, the'bésic characteristics of the coﬁcept reméin_
the same, It is hypéthesized th;t all incoming signals, regardléss
of modality, arrive at a common central area for processing, and
that this area can handle only one signal at a time. Consequently,
signals arriving simultanecusly from two differenf sense organs can-
a0t be processed together. The information in one channel must be
ignored or delayed until the processing mecharnism is cleared. From
this point of view, one would infer that man can never respond to a
bimodal situation in other than a unimodal fashion,

The amoént of iﬁformation whiéh can be pfocesse& at one time is
und;fined. Much of “he experimental evidence offered in éﬁpport of
the single~channél theeryAis derived froﬁ'studies employing clicks

and flaahes as stimuli. It would séem;'nowever, that a unit of in-

- formation is not flxed. Halliday, Kerr, and Elithorn {1$60) showed

that tlaahes whlch are nearly smmultaneous can be "grouped" for pro-

«',f'ceesing, suggesting tha% the deciazon process is under some hlgher

-

,m:uaenigalgﬁontgqlwﬁ More simply expressed, there may be another brain

4 ¢ < . . - . .




area which tells the processing area what size the unit of informa.
tion is to be beforg.processing:commences. ’
B Speech materials have also been used in 1nvestlgat1ng the
single-channel hypothgsis. Mowhray (196h) found that dlfferent
wofds presentéd siﬁui%aﬁeously to the two -ears could not both be re-
cognized., His éubjeéts performed an auditory shadowing task, i.e.,
repeating.the word after hearing it, with material presented to one
ear. Randonmly, a targét word was presented to tﬁe other ¢ar in a
differeat voice. Results showed that the target word disrupts per-
fo?ﬁance on auditory shadowing even i?-it*Was not recalled correctly.:
In a previous study empioying the same auditory shadowing task but
using visual target words, interference was mot found. Mowbray ini-
tially interpreted this as contrary to the single-channel theory but
upon reconsideration, he felt that the task was noi relevant because
the subjects may have rapidly alternated between the two modalities,
gaining enough information from each to recognize the words.
This'briﬁés us te another dimension of response in a bimodal
situation, modality preferencéu Results in Part I suggested that the
mere mean1ngfa1 modality is selected, with medningfulness defined
dlfferent ly for normal-hearing and deaf cnlldren. Because of the
design of the experiments in that project, meaningfﬁlngas and modali-
ty’were confounded B0 that it is impossiblg from those data to deter=-
mine whethefvtheré is a tendency to remain with one modalify.or

whether athention can &a efficiently be directed to the visual and

{y auditory chaanels as the relative meanlngfulness of thase modalities

;lvapg@ Brgadbqnﬁ'andiggegggyvilg6;).ahowed that information (digits)
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présented aiééfnately to the eye and ear were fecailed better by mo-

dalityvéatégery than in order of presentation. Apparently, atten-

tion can be alternated to the two sense modalities under the c;;diﬁl

s , t;bns uséq by those inv?s%igaiéfs, but the material i§ infegfated,

" better by modéliﬁy than by tempogal'gequende, Tﬁeir study, howevér,
did not involve simultaneous bisensory stimulation. Lordahl (1961.)
presented auditory and visual stimuli simultaneously and the subject
héd‘to attend to both to learn a concept. His(findings éhow a
strong tendency to attend only tc the visual stimuli, ignoring the
.auditory modality. Huttone§l9$9), however, in teaching language iﬂ

an aural r;habilitétion situation found auditory stimuli gave about

50% more informafion than did visual, and that a combined presenta-

tion was better than the sum of the performances on the two single

modality tasks,

Many of the phenomena of the real world must be apprehended
both visually and auditorily to gainga total picture of the event.
If the events are to be presented for learning, what is fhé most ef-
ficient manner.of presentation -- should all the visual aspects be
presented before any‘of the auditory elements -are considerea?

13

Should'elémeﬁts in the two modalities be pfesented simulta#eously,

tions which‘ariseifrom an examination of thé research related to the
major problems of this study. . Attempts will be made to gain answers
to such questions. We recogniée the fact that, although we have not

)

beén‘ahis,tQHdgggggtréte_the superiority of a combined audio-visual

(;”présgn@gtibhq §n§ résultg"may be é functigﬁ of fhe experimental

W . N -

nearly simultaneously, or a;ternately? ' These are the kinds of ques-
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- APPARATUS, TEST MATERIALS, SUBJECTS
AND PRGCEDURES
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Two major types of experimentation were conducted. A majority

1
7

of the data was collected under the ccndltlons of a recall, palred-

associate paradlgm. The detzils of this type of 1nvestlgatlon will ;

. TRV S
RS
PN R,
-

- oo .

be presented here. A second mode of research was used to obtain es-

T

X
o o498 e
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timations of association value for a large portion of the materials.

e

&)
AT

used in paired-associate tasks. The detailed explanation of those

"
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materials and procedures will be found in a later chapter along with

4

.
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o the resultis. -
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A. Apparatus

T W W OO DA

Presentation of materials in the context of the paired-associate

N . Is »
8wy g ey B MUY

LSRR

paradigm involved auditory, visual, and audio-visual displays, as ap-

8 \ b
§ b by WAk e

propriate to the specific problem under investigation. Visual mate-~

rials were recorded on film while auditory materials were recorded

WAL SRR O BRI RN

. 3
e P Se R e £ 458 b b

on magnetic tape. To this end, twc sets of apparatus were employed.

el

Initially, a system which was developed for Part I (Cooperative Re-
search Project #1001l) was used. The system included an Ampex,'

Model 601-2, two-channel tape recordef, an amplifier (either a

oo SR T ST O

McIntosh MC 30 or, a Fisher 20-4), a-Bell_& Howell 750 automatic

slide projector for 2 x 2 slldes, a 50 x 50 screen, and an eight-

«

1nch e‘tended~range speaker in an approprlate enclosure. Audltory

- - material was recorded on one channel of the tape'recorder. The se-

cond channel contained signals which controlled the operation of the

-

11
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‘slide projector. The system allowed precise and reliable syachroni-

zation ‘of auditory and visual material. In the cases where aa

audio-visual task was to be compared to either the auditory compo-

i

nent alone and/or the visual éd@ponent alone, the channel %o be

eliminated was merely turned off without affecting the reproduction

or tlmlng of the de81red material.,

During the course of the project a second- system became avail-

-

able. This was the Tel-n-See system manufactured by Baptista Film
Mission. The functi9na1 components of the original system were re-
plicated in a case roughly 12 x 18 x 24 inches. Instead of slides,
a 35 mm film strip carried the wisual material. The film ‘strip per-
manently maintained the order of visual materials,. thus eliminating

a p0581b1e source of error in the use of slldes. The time lag, dur-

“ing the. changlng of slides wi.th the Bell %-Howell projector, was
eliminated in that changing frames with the film strip occurred in-
stantaneously, for practical purposes.. Certain limitations involv-
ing the reproduction quality of the audio system of the Tel-n-Sece

required the continued use of the Ampex-McIntosh-speaker system for

P

some auditory presentations.' For language material, however, the

-

Tel-n-See performed well. The system used in each experiment is _

identified. - . "

-

At various times oscillators, noise generators, and filtering

o

systems were used to generate specific experimental materials. Tae

use and description of these are made i~ the report of the specific

experiment.
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B. Test Materials

While maintaining the categories of materials used in Part I, a
yider fange of gpecific items within each category was employed in
this prcject. In the meaningful-verbal classification, béth the
items of Part I and previously unused words were employed. The num-
ber of nonmeaningful-verbal items waé expagded to more than 100 in-
the investigation of their associability and the. application of
these data to the examination of meaningfulness. Additional non-
meaningful-nonverbal stimali were generated for both expansion of
Part T results and investigation of stimulus parameters relevant to
performance. These additional materials were used in both auditory
and visual presentations. In the interest of simplicity, the exact

description of most items will be made in the report of the experi-

ment in which they were used.
Since a large portion of the experimentation uses materials
from Part# I, the descriptions of those materials are reproduced

here for ¢onvenience in reference.

1. Nornmeanirgful-nonverbal. Six visual symbovls were created
by using the electfonic templets available with the Leroy lettering
-sets. Each symbol was generated so that it had two components and
so that it appeared to have.léw associative value to the experiméh-
ters. Furthermore, the six éymbols had been presented, pfior to .
/‘final selection, to a college class with the instruction that the
students in the class were to write down.ény label that they felt

could be applied to the symbols and %o put down any associations

which they made to the symbols. The items selected produced only
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very inu irect aasociatibns, and none produced discreie labels. The
six symbols used are shown in Table 1 in Section 6.
The auditory signals were produced by utilizing the audio-
generating, switching, and modulating equipment available in the
wooiree) hiBorgiory of the Dewertment of Audiology. Specifically, the six

noises were produced as follows:

2. A white noise, which was simply recorded from a
Grason-Stadler Speech Audiometer, Model 162,

b. A 15 Hz square wave, produced by a Hewlett-Packard,
Model 202A, Low Frequency Function Generator.

c. A 400 Hz tone produced by a General Radio Oscillator,
Model 1374, with 5 Hz triangular modulation into a
reactance tube added to the fixed oscillator.

d. An interrupted 500 Hz square wave with 30 msec "on-
time" and 30 msec "off-time",

e. An interrupted 1000 Hz square wave with 18 msec Yon-
time" and 240 msec "off-time",

f. Alternating 250 ~nd 500 Hz tones, with the 250 Hz
tone on for 24 msec, a delay of 80 msec, the 500 Hz
tone on for 90 mse¢, and a delay of 80 msec.

2. Konmeaningful-verbal. Three-letter nonsense syllables were

selected from Glaze's lis%t (1928). Items were choesen that fell bhelow

the 10% levei on his lists, that were reasonably promounceable, and

that contained a minimum of repetition of letters. The six syllables

2 2

used were: DAQ, KEZ, JID, WOJ, ZEG, and WUB.

3. Meaningful-verbal. Three-letter monosyllabic nouns, which

s

Were assumed to be highly familiar to children three years c¢f age or

older, made up these stimulus items. They were: GUN, ICE, ARM, SKY,

i 2 RUG, and CAT. In addition to high familiarity, the items were chosen

because they had a minimum of repetition of leiters. i

T R T T T S R T TR s TN TR O, ST, T T
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b, Stiqulus labels. In the present report, the Arabic numeral’
subscripte, Y1M, "2", or "3", are used to refer'tb nonmeaningful-
nenverbal, nonmeaningful-verbal, and meaningful;verbal material,
respectively. The éapital letters "A" or "Y" zre used to indicate
the sensor? channel through which the material was_presente&. Thus, i

Al represents nonmeaningful-nonverbal material presented auditorily; 1

Va represents nonmeaningful-verbal material presented visually, and

A3V3 indicates meaningful-verbal material presented bimodally.

!
|
;A

5« Response items. The letters F, H, 1, M, V, and X were used

as the response items. Letterz were chosen as response membsers

rather than words or syllables for ;;5 reasons, First, the intent :

was to vary the meaningfulness and the sensory chahﬂsl‘of presenta- %

tion of the stimulus member while holding the response item as con- E

stant as possible. Letters of the alphabet appeared 1.;0 be ideal in ) \\é
) that they were highly familiar to the subjects and moré likely to %
: have constancy among the subjects than any particular set of simple %
o | words that might be chosen. Secord, in = groﬁp learring situation %
ﬁ? it is necessary that the response members be written. Single-letter %
responses require a minimum of time and effort. ; ;

: . | The six letters were selected on the basis of their visual and g
auditory characteristics rather than upon the fiequency'of their cc- g

' 7%

e

N

currence in written or spoken language. Since it was planned that
‘the majority of the subjects to be used in the study would be at the

J ' idurthzgradellevel or above, it was assumed that any letter of the

4

X alphabet would be adequately familiar to all subjects. It was

%
i
&

arbitravily decided to use only consconants and to select those that

23 o X D g . v . .
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Jooked and sounded the least alike. To minimize visual'confusion
MY was useé; but not "NV or WW".; Likewise; since "V" was used,
letters suéh as #gH, upn, or."Z" were not used because of their
rhyming characteristics.

6. Stimuius-response pairings. The same stimulus and res-

ponse pairings were used throﬁghout the study. These pairings are \
given in Table 1. Additional materials und their responses are des- (

cribed in the specific experiments,

Table 1. Stimulus-response pairings from Part I,

Stimuli Responses
. .
Al Vi Aa and Vé As and V3
a - . N WUB CAT H
b ~b KEZ ICE H
. -
- . © "Ar JID ARM v
a T g DAQ RUG L
: e {r WO - SKY X
* £ s 25 GUN F
* The letters refsr to thé stimuli in the order. described in
Section 1.
C. Subjects
The subjects for thié'project were drawn fror three groups.
The Detroit Public ‘Schocl.8yster and the school system of the Arch- r
. ’ s
diocese of Detroit allowed experimentation 4o be conducted within )
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: #

fh;ir séﬁdbi%; The thlrd group was formed from hearing-herdicapped
A‘chlldren enrolled in regular classes in the Metropolitan Detroit

area. For the association valug 1nvest1gatlon, students at a resi~
dential séhool for the deaf were used in addition to students from
the two school systems. The subjects from the school-systems were
tested in classroom sections. The hedring-handicapped were teéped
in groups of from two to five. The staff of the residential school
conducted expgrimentation themselvés; |

The assignment of classroom sections to a particular experiment
proceeded as follows: A séhool'system representative and a repre-
sentative of the research staff met to select the group of schools
to be tested. Individual schools were then contacted and arrange-

b

ments were made‘for a convenient testing date. Experimental condi-
tionsaﬁere randomly assigned to the claséroom sections available in
é particular scheol, with the restriction thaf each experimental con-
dition encompass more than one school when more than one.section was
required. Care was taken to confirm, statistically, that ano differ-
ences existed between different sections participating in a single
experimental condition. When differences were found, the atypi;all
section was omitted from the analysis.and a replacement section

é
it be compatlble with Tike-sections 1n the same ~ond1t10n. Signi-
ficant differerces were found very infrequently. In all cases, 'a
section's at&pical performance could be traced to soﬁé event, during

the testing, unusual enough to disturb the group's attention. As

has been implied, not only were records kept of the personnel

R "’7 T T, T R T ?f‘i”f TR -
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assisting in each experimental session, but additionally, date, time

t— Wy gy

of day, performancé of equipment,’and atypical environmental condi-

tions were noted; e.g., excessive noiss.

- D. Procedure

As mentioned earlier, a reqall, paired-associate paradigm was
empioyed in the Buik of the experimentation. 1In genéral, a learning-
~test trial sequence was used;';earning £r1a1 first, then tesi:.9 then
learning, et cetera, until 10 trials of each had been presented. A
learning trial presented a stimulus and its unique response, then
another, and so on until the full set of stimulus-response pairings

had been presented. The following trial, a test trial, presented

;; ' ' only the stimulus portion of the stimulus-response pair. Time was
allowed between presentation of these stimuli for the subject fo
record the respomse, if he ?ad learned it, in the booklets provided.
Another 1earniné trial was then presenteé during which the subject
had another opportunity to learn the correct response to each of the
stimuli. .The order of the items in the learning and test trials was

) : varied to preveat the subject from rotely learning a sequence of

responses rather than the specific pairs. .

Because of the demands of a particular set of materials, varia-

+

¢ions-iq the temporal seqﬁences occurred. The three majér temporal

L

’ parameters, inter-stimulus (onset to onset) periods for learning

-

trials, for test frials, and the inter-trisl period will be specified

in the in&ividual'expériments;

‘wiéﬁ'thé exception of the tests conducted on hearing-handicapped m??

v v ,oas z
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dhildren4 all tésting was done in classroom sections. With the ad-
vent of the Tel-n-See apparatus, testing was done in the section's
own pléssfoom. »In'priof cases, availability of a tes£ing fsom in
the school and thé relative bulkiness of the or_ginal testing sys-
tem dictated £hat class sections move from their own room to one set
aside for the experiméntal team., Care was taken to restrict testing
periods tc those timéé when the -children would be most recepfive.
For example, testing was not doﬁe immediately prior to holidays.

The testing was conducted by a team of three, one for instruc-
tions, one for monitoring, and a third o operate equipment and aid
in monitoring. While a general explanation of the purpose of the
testing was made ﬁy the instructor, equipment was set up and answer
booklets passed out. These provided a separate sheet for each test
prial as well as a place for the recording of the child's name, 2ge,
grade, date of test, and school. Specific instructions aé.té the

task followed the collection of the initial descriptive information.

The ingtructcr sa%?sfied himself{ that instructions were understood
before testing was initiated. As testing proceeded, the monitors
were available to assure uniformity of testing conditions and to
help children with any particular mechanical problem while the in-

' struétor maintained overall control of the session,

. '
.




o I RESULTS PERTAINING 70
Coes N - ' COOPERATIVE  RESEARCE PROJECT #1001

it the,cOQQIQSion_éf Cooperative Research Project #1001, Part I
of this projecf, two important questi;ns remained unanswered concern-
ing the role that materials and procedure played in the resulits. 1In
order to determine the generality of the findings, it was decided to
invéstigate the effects of these two variables further to coufirm
tha£ the effecfs attributed to variations in ieveis of meaningfulﬁess

and verbalness were not artifacts.

Experiment I is concerned with the nonmeaningful-nonverbal vi-

sual materials used in Part I of this project. It seeks to answer
the question, "Were the results cbtained with these materials typical
S ) or were they a function of the unique set of stimuli selected?"

Experiment II directs itself to the differential effect upon

e verformance obtained by varying either the stimuli or the responses
»2; s along the same dimension. Since all of the experiments in Part I

had involved manipulation'of stimuli, this point was of paramount im-

. ' portance to determine the restrictions that should be placed upon the

- o interpretations of our findings. It is generally accepted that vari-
f . ations on the stimulus side produce less marked changes in perform-
| p ance than manipulations on the response side.’ To insure that the

lesser effsct of stimulus manipulation did not obscure differences

. whigh might have manifested theﬁéelves'during the comparison of uni-

and bimodal presentation, the materials used in Part I were reversed;

i.e., response materials were used as stimuli and'vice versa,

z h R .
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Experiment I

Learning of New Nonmeaﬁingful-Nonverbal Material

ABSTRACT, Fourth- and fifth-grade students were tested in
a paired-associate paradigm in which the stimulus item was
a Greek letter and the response item was a single letter ;
from the Roman a phabet. Results indicate that this mate-
rial does not differ significantly from the nonmeaningful- |
nonverbal material used in Part I. The finding that non- ;
meaningful-nonverbal material produces higher levels of ’
performance than nonmeaningful-verbal material (with vi-.
sual presentation) is confirmed by this expansion of the 3
nonmeaningful-nonverbal category of materials. ;

A. Introduction

At the inception of Part I it had been assumed that verbal ma-
terials would be more easily learned than nonverbal materials. The
results from the visual presentation of two types of stimulus mate-
rial are of interest here. Th; stimuli used were either nonmeaning-
ful-verbal stimuli (three-letier nonsense syllables) or nonmeaningful-
nonvérbal material (modified electriéallsymbols). Compa?ing the .
performance hy grade levels on these tasks, it was found that none
of the differences between conditions was =zignificant. However, in
all cases but one (fourth grade) the nonmeaningful-ncnverbal material
was numerically superior in performance to the nonmeaningful-verbal.

These resulis were based upon 502 subjects over five grades (4, 5, 6,

H]
. -

10, and 12). L ,

Tu order to determine whether the dpmparison between nonmeaning-
i ) . N t.." - o -
ful-verbal and nonmeaningful-nonverbal material is consistent using

other materials in the same generél clasgs, the present study was con-

-
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ducted. Since some special characteristic of the modified electri-
; . cal symbols may have. led to the greater degree of learning found

with the nonverbal matériai, it was felt that a second set of.non-

5 s, h7SN \

-

-- meaningful-nonverbal material should be used in the same general

~
Cd

testing situation.

For the present experimen: Greek Ie;ters.were selected as
2 stimulus items for two reasons. First, it was felt that this set of
. - material would not be familiar to fourth- and fifth-graders, thereby :
fulfilling one requirement. Secondly, it seemed to satisfy another

quzlification. One of the difficulties encountered in the genera-

tion of nonmeaningful-nonverpa; material centered about the psycho-

pPhysical question of discriminability among items of tke set. It

was felt that since the basis of any alphabetical system must be

discriminability, the Greek alfhabet provided stimuli free from pre-

R

vious encounter yet without complication from'perceptual factors

which might lead to intra-set confusion.

v ———

B. Experimental Procedures

1. Subjects. The subjects in this experiment were 136 chil-

dren from the fourth and fifth grades of the Detroit Public School

"System. . .o ' .o .

‘2« Materials. Six Greek letters were used as stimulus items.

The six response letters from the previous project were used as ‘res-

ponse items. The Greek letters, Delta (rotated 30 degrees clockwise),

o o gt e v e

Zeta, Theta, Omega, Phi, and Psi, constituted the stimulus set.

e

Omega, Phi, and Psi wereiin the capital or uppg} case form. The

stimuli and their responses are presented in Tabie 1.1.




§ .

T e g e e v+ e

23

Table 1.1. Stimulus-response pairings for Experiment I.

Stimuli o0 § 8 Ry D \'4
B M v X

L

¥xj
m

Responses

8

. 3. Procedure. The paired-associate paradigm was employed as

the general experimental approach‘and the Ampex-Bell & Howell display
system was used, consistent with the previous procedure. Inter-
stimulus periods for both learning and test trials, as well as inter-
trial periods, were held at those specified in Part I. Specifically,
stimulﬁs items were displayed for approximately 2.5 sec (allowing

for projector operation) followed by 2.5 sec of response display
during learning trials. Approximately 5.5 sec elapsed before tke
next pair was preéented. “The inter-trial period was approximately
11.% sec. Duriﬁg a test trial only the stimulus waé aisplayed for
2.5 sec followed by a 5.5 sec period_for responding before the next

stimulus item appeared.

C. Results and Discussion

The means and standard deviaticns of performance for the two

egpériméntal groups are presented in Table 1.2, along with.selected

" data from Part I for electrical symbols and nonsemse syllables.

[
.

Learning curves for these conditions are given in. Appenaix A.

An inspection of Table 1.2 indicates that the superiority of

'nbﬁmééningful-nonvgrbal material is maintained with different stimu-

lus items. Figure 1.1 (p. 25) illustrates the relationships among

3 Bty (Ls perreey

TRt E 2

T B A R ARTEE R Y A e 1 B e 2 L O N NS DAL SR o M (0 (TN O P W

pes
pady

COLU A NN 005 L e B A N AN S St LONTCAININ Ve A o R i i ea -V e als - S U Y

%




24

Table 1.2. Means and standard deviations of the number of correct
respenses, by conditions and grades.

Conditions Haterials Fourth Grade Fifth.Grade

- - - - ?
v; Greek 3 29.66 33.69
Letters SD 13.39 - 12.56
N 68 68
v, Electrical X 19.80 34,93 k
Symbols SD 9.66 14,33
N 55 55
. Vé Nonsense X 23,53 25.56
Syllables SD 11.81 12,44
N 55 55

the data. The one case from Part I (fourth grade) where nonmeaning-
ful-verbal material was superior to nonmeaningful-nonverbal was not

repiicated. The reversal in rank order of the two types of material
(nonmeaningful-nonverbal greater than nonmeaningful-verbal) in the

fourth grade is consistent with the results for the fifth, sixth,

tenth, and twelftk grades in the previous project. It is believed,
therefore, that the single comparison demonstrating a superiority
of nonmeaningful-verbal material over nonmeaningful-nonverbal in the

fourth grade is not typical.

D. Summary and Coaclusions

This study was designed to verify the previous resulis with addi-
tional nonmeaningful-nonverbal visual materials., Findings from
Part I (Cooperative Research Project #100l) indicated & general supe-

riority of nonmeaningful-nonverbal material over nonmeaningful-verbal
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Fig. 1.1 Mean correct responses for Ccnditions Vl, Vl, and

Vé; by grades.

material. The present results confirmed the finding, reversing the
one previous exception found in the fourth grade.

It had been assumed at the outset of the previous project that
verbalness formed a continuum, from nonverbal to verbal, which
would he reflected as a parameter of learning performance. The ex-
ception found with visual nonmeaningful-nonverbal material was and
remains & problem. It would seem that additional hypotheses con-

cerning tae classification of stimulation are needed.
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Experiment II

The Relationship Bstween Bimodal and Unimsdal Presentation
with Material Variables Manipulated on the Response Side

ABSTRACT. A 2 x 3 factcrial design was used to investigate
the hypothesis that a bimodal presentation does not facili-
tate learning over the better of either of the ¢two unimodal
bresentations of the same materials. A paired-associate
task was used with two levels of material (nouns or CVCs)
as responses and three modes of presentation (auditory, vi-
sual, or a combine¢ zudin-visual). Subjects were from the
sixth grade. The results supported the hypothesis. No
difference was found among *the three modes of presentation
employing nocuns. For CV(Cs, the combined presentation was
no different from the visual while both were significantly
better than the auditory presentation. Performance with
nouns was consistently better than with CVCs.

A. Introduction

A major conclusicn from the two earlier Cooperative Kesearch
Projects is that 2 combined presentation is not better than the
better cf the two unimodal presentations. In those studies materials
were varied on the stimulus side. The procedures used inwvolved
& paired-associate task in which the stimulus was from one of
three classifications of materials: (1) nonmeaningiul-nonverbal,
(2) nonmeaningful-verbal, and (3) meaningful-verbal., Classification
5> refers to three-letter nouns; classification 2 to low association
7alue nonsense syliables of the form CYC. Classification 1 used
modified electrigal symbols (for visual presentation) and sounds
which were basically pure toines modified by modulation changes and
interruptions. The materials were described previously in the

section concerned with apparatus. The responses to these materials

26
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were single letters from the Roman aliphabei. In a bimodal condi-
tion a single response letter was associated witn two stimuli,

one auditory and one visual. All combinations of meaterial were
made, i.e., AlV ’ AIVB’ et cetera, where the numbers refer to the
classes of materials and the letters to the modality by which that
raterial is presented. The finding holde when the auditory and
visual components of thes combined presentation are equivalent {as
in the case where YGUN" is presented in each channel) or when the
materials used in each channel of the combined preszntation are
different (as when YGUN" is presented visually and "KEZ" is pre-

-~

sented auditorily,.
It bas been con;iuded that the manipulation of matesrdal vazi-
ables on the stimulus side produces changes in performance which are
less marked than those resulting from response side manipulation
(Postman, 1962a; Undezwood and Schulz, 1960). The purpose of this
experiment was to extend the findiag, no facilitation with bimodal
stimulation, to the situation where material is varied on the res-

ponse side., The complete matrix of conditions from Part I could

not be replicated. There was no way fer the subject to reproduce

w

the nonmeaningful-noaverbal materiéls of Part ¥ for a response. The
bimodal corditions with different materials in each‘modality, €ee,
auditory "KEZ" and visual "GUNY", were =isc excluded in that the dual
response required would noi be comparahle to WKEZ" presented both
visually and auditorily. Iz the formsr case a six-letter response

would e required versus a three-letter response in the latter. Thus,

only s8ix conditions were selected as shown in Table 2.1, as being
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suitable for testing tke effecis of response meaningfulness as it

interacts with modality of presentation.

Table 2.1l. Symbolic representation of the six conditiouns.

v, Vs
A, 8,7,
B A AT,

TR
-

1 £ubjeéféffm§ixth-grade students, from the Archdiocese of

1)

Det;pit School System, served as subjects for the experiments. The
pool of subjects for each condition was randomly reduced to 114 to
simplify analysis,

2. Haterials. The materials were claegsified as "2" (CVC tri-

grams) or "3% (t{hrea~letter nouns) in either the "AY" or "Y' modality.
The exact materials are given in Table 2.2, The "2' material is
daifferent §r§ﬁ that used in Part I. Changes were made to reduce
jntralist similarity. However, care was taken to insure that the
association value was rot altered. The mean association value
{Archer, 1960) of the "2" material in Part I was 26.8 and that for
the substituted materials used in thie experiment, 22.2.

3. Procedure. Materials were presented by use of the Tel-n~

See system, Auditory responses were pronounced a single time for

each learning presentation. The visual items were presented for a
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Table 2.2. Stlmulus-response pairings for the two types of material
used in the six conditions.

3

Stimuli 2" Responses "3" Responses

H ZOT - (CAT
M GEC .. ICE
Q YUD . ARM
L VAF RUG
X 513 ~ SKY
P KEB GUN

duration of 2.5 sec. There were 10 learning trials alternated with
10 test trials. The time sequence involved in a 1earniné trial was
2.5 sec of stimulus exposure (and/or one propunciation) followed by
2.5 sec of response exposure (and/or one pronunciation). A 5 sec

inter-pair interval was used. Inter-trial interval was 10 sec. On

a test trial the stimulus was presented for 2.5 sec followed by

6 sec during which the subject recorded the fesponsa, before the

-

presentation of the next stimulus itesm.

i The subjects tested under an auditory condition were informed
j that an approximation of the spelling was all that was required. It

was emphasized that spelling would not be graded. For the "2"-type :

material in the auditory condxtion, it was further explained to the

subjects that they had two tasks to do. First, they would have to

1earh(the S-R pairs as instructed, and, secondlj, they would have to
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‘decide how to write the responses down. It was emphasized that the
spelling was not critical, but the subjec?s were encouraged to re-~
%ain whatever spelling they initially decided upon fcr each responéﬁf
to facilitate the scoring. Scoring of these items was handled by a
person well-versed in phonetic tramscripiion as well as in the pur-
poses and procedures&of the experiment itself. He initially pre-
sented the tape of "2" material to & group of speech correctionisis
and asked them to identify phonetically the responses presented
therein. He determined from this both the quality of the tape it-
self and some indication of thé variation e&scribable to the syila-
bles, since the judges were naive as far as CVCs are concerned.

With this kind of preliminary information at hand, he then
locked over several booklets taken at random from children tested
in this condition. 1In this way he established internal norms repre-
senting the ability of the subjects tc assign orthographic symbols
to the sounds. Using these criteria as guides, he then scored all

the booklets for subjects receiving the auditory "2% condition as

objectively as possibis.

C. Results and Discuszion

The mean correct responses and standard deviations for each
condition are presented in Table 2.3. Figure 2.1 (p. 32) presents
these data graphically. Learning curves for the six corditions
appear in Appendix A.

A two-way analysis of variance was performed upon the data., As

shown in the summary of the analysis, Table 2.4, both main effects

i
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TNy Pt bt et Ay s g gy S s — .




31

Tablie 2.5. Means and standard deviations of the number of correct
responses by conditions. ‘

Material Auditory Visual Combined
L X 20.08 . 27.37 29.53
n3n X Lk, 0G k5,50 45,66

- 8D 12.85 11.71 . 12,02

were significant at p < .01 and the interaction was significant at
P < .05, An analysis of the simple effects showed that, regardless
of mode of presentation, nouns produced significantly higher per-
formance than did CVCs in the same modality. Examining the effects
of m&dality upon materials, it was found that thére was no differ-
ence statistically in performance among'%he three noun conditions,
In other words, the manner in which the nouns are éggsented makes no

Table 2.4. Summary of the analysis of variance for the two types of
material and the six conditions. ' '

Source af MS I3
Materials (Ma) 1 64517.,0 3%,53%%
Modalities (Mo) 2 1923.5 9,99%*
Ma, = Mo . 2 855.5 b Liys
Within 678 192.4
- ** p < .01, -

* p < .05,
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difference in the ievel of performance attaingd in a fixed number of
trials. When the CVC congitions gere compareé; a significant decre-
ment in performance was noted with the audiiory presentation while -
the visnal and combined vresentations did not differ from each other.
Thus, the gource ¢f the pignificant interaciion was due to the dif-
ferential effect of the auditory presentation upon performance as a
functior of the materials, as illustrated in Figure 2,1.

It is net surprising that auditory presentation of the GYCs was
low since there is ne agreed-upon spelliné; necessary for the writ-
ten response, for the syllables heard in this condition ez opposed
to the highly stable relatioﬁgﬁip hetween the syllables orn the noun
tape and an accepted orthographic representation., Even Qith the,

-~

gréat latitude pravi&e& by tke 'scoring preocadure as described




previously, i% is still obvicus that the task differed in the two
auditory conditions. With "2"-~type material the subject had to
both learn thé app:oﬁriate responses and decide how go transcribe

" them, whereas with "3"-type material he had only to concern himself
with the learning of the resyonsés. Therefore, it is expected that
the more compléx-task would result in poorer jerférmance. In view

of the major purpose of this study, the comparability of the audi-

tory tasks is not a serious question.

D. Summary and Conclusions

This experiment was designed to test the hypothesis that a

0f the two unimodal presentations when the nature of the materials is
manipulated on the response side. Using two levels of materials, it

- E combined presentation of materizls is never better than the better
E was found that the hypothesis was supported. Since it had been shown

ik AN
"

previously that the hypothesis is valid for material variations on

2N
P
1w Y
- Myavd
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the stimnlus side, the evidence presented here adds further weight

owl gl
ey |:1

e to the conmclusicn that sudbjects are not bimcdal at any given time or

Y tagk, but, at most, are selectively unimodal.

@ .




RESULTS PERTAINING TO
MODALITY OF PRESENTATION

The research conducted in Part I of this investigation, as has

been mentioned previously, indicated that the sensory modality by

which materials are presented is a significant variable in learning.

Not opiy is modality an important source of variation, buy a signifi—
cant interaction between modality and material was obtained. With
ﬁonmeaningful materials, performance in a. visual presentation was
better than when an auditory presentation was used, although these
- differences were not always significant. When a combined audio-
visual presentation was employed, performance was comparable to that
obtained with visual modality alore. With meaningful materials, on
the other hand, differences attributable to modality of presentation
are virtually eliminated. Again, however, the combined presentation
did not improve performancerver the better of the two unimodal |
-presentations..
It was décided to examine this finding concerning the relation- F
ship between modality and meaningfulness and its effect upon per-
formance in gréater detail in the present p:ojéct. The series of
experiments discuszed here constitupe a more direct investigation of
this facet of the learning problem.

Experiment III was made up of three parts, each of which examined

in detail one aspect of what might be termed a manifestation of
modality preference. The first part assumed that an index of pre-

ference for one mode of presentation, in a bimodal situation, might

34
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be obscured by the end of 10 learning and 10 test trials. The
adﬁpted parédigm proceeded to present.unimodal test trials at vari-
ous points during the course of learning (fourth, sixth, eighth, and
tenth test trials). The proportion of correct auditory to-correct
visual responses was geasured under the assumption that if the

fatid chaaged during the course of learning then a preference might
be inferred. The second parp_of Experiment III presented combined
learning trials, éé did the first. Howe%rer9 instead of measuring
unimodal performance'at only oné point in the learning seéuence, vni-
modsl evaluations of performance were made on each test trial. The
pattern of modality preferences throughout the 1eafning task would
then be available for examinatiocn. Part 3 of the experiment altered
the task by using two differen? sets of material, one for audition
and a different set for vision, each with their own responses. This
contrasts with the first two parts of the experiment where, except
for nonmeaningful-nonverbal materials, the same stimuli and respounses
were used for both modes of presentation. It was hypothesized that
the use of unigue but equivalent materials in the two modalities,
with a simultaneous presentation, would cause the subject to shift

to his preferred modality.

Experiment IV proceeded from Experiment III with important vari-
ations., As an approximation ¢f the problems faced by individuals at
the developmental level where auditory and visual language must be
integrated, a bimodal presentation was utilized. The auditory and

visual materials were different and had different responses. During

_a test trial botk visual and auditory compounents were presented
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siﬁultaneodély. The pairing of visual and auditory items for simul-

caneovs presentation was random so that both modalities had to be

attended to. Two conditions were used. The first required immediate

assimilation of the materials in the two modzlities for a bimodal
response. The second permiited independent learning of visual and
auditory pairs, after which integration of the stimulus elements was
required. The investigation was aimed at evaluating the efficiency
of training methods: part learning with later integration versus
integratien from the outset.

Experiment V extended the investigation of integration of com-
plex stimulus elements by making a single response (as opposed to
the dual response of Experiment IV) contingent upon a bimodal stimu-
lus complex. The effect of unimodal and bimodal presentation of the
stimulus components was of major interest in this experiment.

Experiment V1 examined the effect of modalit& in hearing-
handicapped children. Specifically, a bimodal presentation was uti-
lized initially, after which the visual component was cmittad. In
this manner, an evaluation could be made of the degree to which the

learning of auditory material couléd ke facilitated by additional

visual material.

g
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Experiment III

Modality Preference in Three Bimodal JTasks

ABSTRACT. Fourth-, fifth-, aud sixth-grade students were
used as subjects in three paired-associate experiments de-
signed to explore modality preferences. The first unex-
pectedly introduced a unimodal test trial in an otherwise
bimodal testing situation. The second routinely tested
unimodally while the learning trials were all bimodal.
The third utilized different stimuli and responses in
each modality, with bimodal learaing and test trials.

The conclusion drawn from the series of experiments is
that, when equated for difficulty and meaningfulness, the
materials used failed to demonstrate modality preferences
at a group level.

&, Introduction

This three-part experiment was begun as an extension of the
problem of modality preference explored in Part I. There, differ-
ences in learning when paired-associate material was presented vi-
sually, auditorily, or combined audio-visually were inconsistent
and varied as a function of the type of materizl, along meaningful
ané verbal dimensions. The possibility remained, however, that
stable modality preferences were veing obscured by the method of in-

dexing performance, mean correct respomses for 10 test trials. An

~eleventh trial, testing either auditory or visual material after 10

trials of a combined presentation, showed little preference which
could not be attributed to factors such as similarity or list diffi-
culty. This does not mean, however, that preferences might not
operate at earlier points in the learning process,

Day and Beach (1950), summarizing the findings of numerous

57
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studies, concluded that the visual modality is more efficient than

PP e gy A e Wt < =

the auditory in the acquisition of meaningful material while the

auditory is better for long-term retention. It is te the hypothe-

"> -

sized modality preference that this series addresses itself. How-
ever, the iong-term reitention aspect of Day and Beach's hypothesis
will not be investigated. 1Instead, the more general aypothesis, _ {
that modality preferences can be demonstrated, was investigated over
a wider range of materials than the meaningful materiai of their
original hypothesis.

Three typee of materials were taken from Part I: nonmeaning-

ful-nonverbal, nonmeaningful-verbal, and meaningful-verbal. Various

téchniques were employed in the investigation. The first experiment

used a situation in which the subjebt could attend %o either mocdali-

S wmemt g -

ty witnout debilitating performance, Nonmeaningful-nonverbal mate-

rials were used to maximize any difference. Into this context was

/'... ———— e —— o

\\\\\

injected an unexpected unimodal test trial. Should mbdality prefer-
ence be operating, the sudden shift to unimodal presentatior would

bias the performance on the unimodal trial toward the preferred mo-

e o — —— =

dality. The second experiment provided for unimodal evaluation of
performance at each test trial and broadened the range of materials

to include all three categories. The third experiment 2ltered the

e s e e

task by requiring bimodal attention for complete mastery of it. The
distributior of attention acrogss the two modalities provided an al- |

ternate method of examining any preference.

T oy
7,
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B. Experiment 1

1. Introduction. This experiment was designed to explcre the

possibility that modality preference was being obscured by the use of
a mean correct score after 10 trials, Using the procedure of experi-
mentation in Part I, one modification was made, Here, unimodal

tests of the bimodal task, A,V,, were made after 4, 6, 8, or 10
trials of bimodal presentation. This technique allowed inferenpes

as to which modality was being attended to at the various stages of
the learning task.

2. Experimental Procedures. Subjects in this study were 106

fourth-grade children enrslled in regular classes in the Detrcit
Public Schools.

Materials were taken from Part I of the project. The auditor#
stimuli consisted of six distinct noises, the Al material used pre-
viously. The sii visual stimuli were modified electrical symbols,

described as Vl material. Detailed specification of these stimuli

‘\\\\\339 their responses may be found in the earlier section describing

) \\’-\-

apparatus. T -

The paired-associate procedure was uséd. A six-item paired-
associate list waé presented bimodally. Four experimental groups
were used which differed as to the number of bimodal trials given
before a unimodal test trial —— 4, 6, 8, or 10 bimodal trials. Such
groups are designated T4, T6, T8, and T10, respectively. The unimo-
dal test copsisted of a random order of the 12 stimuli from both mo-
dalities. All groups received the same random order of stimuli on

the unimedal test trial.
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The Ampex-Bell & Howell system was employed. During learning

27y ohg

trials, each visual stimulus was projected on a screen for 2.5 sec,

!
. |
i immediately followed by the appropriate visual response for 2.5 sec. :
f The inter-pair interval was approximately 5 sec.“‘These same time i
% | relationships held for the auditory material except that the audi- ?
% tory response letter was spoken and thus had a shorter duration. i
4 !
% During the test trials, the stimuli were presented for 2.5 sec and §
35 the subjects had appreximately 5.5 sec tc write the response in a g
% : . test booklet.

Instructions were standard, with no indication that a unimodal

)

tezt would be given until just prior to that test trial. Subjects

hant A

were then instructed that they would either see or hear the stimulus.

il WK

During the test, subjects were given attentional cues {'look" or
"]isten") immediately preceding stimulus onset. It was felt that ;
this procedure would better equate presentation times and, by ensur-

ing attentiﬁn to the stimulus, burden the subject only with response

racall.

| : 3. Results and Discussion. Table 3.1 presents the mean number

TR

of items correctly recalled during the unimodal test trial ifor each
experimental group. Data are listed in Table 3.1 under "Auditory",

"Visual", and "Both" headiugs, the latter referring to correct recall

of a given response io both its auditory and visual stimulus.
Figure 3.1 {p. 42) presents these results graphically and indi- E

cates that all three categories, "Auditory", "Visual", and "Both",

dezrease in recall from T6 to T8, followed by an increase in Condi-

tion T10 for "Auditory" ard "Both". These findings might be
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Table 3.1. Mean number of correct responses for items recalled
during the unimodal test for the four groups.

Modality Group
Th T6. 78 T10
Auditory 1.00 1.81 1.56 2.25
Visual 1.34 2.7k 2.56 2.5k
Both 2k .85 .48 1.25
(N 29 27 27 28

interpreted as indicating an initial preference‘for learning the
visual material, followed by the learning of tﬁé auditory material.
The mean number of tisual items cocrrectly recalled remains constant
for T6, T8, and T10 implying that the subjects may learn the easier
visual items first, and tﬁen attend to those auditory items which
are easier than the rest of the visual list. The fact that the
"Both" scores also rise suggests that the auditory stimuli learned
tend to be those which are paired with the vieual stimuli already
learned.

It is not cleaw, from the present data, whether the trends oo-
served are a function of modality per se or whether they reflect
differences in difficulty among the—items. The latter s;ems more
tenable since visual learning leveled off early at about 2.5 items
with ‘the auditory stimuli being learned after that. This factor may

enter into the general superiority of visual over auditory perform-
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MEAN CORRECT RESPONSES
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Fig. 3.1 Mean correct responses from unimodal test trial’
for modality; by groups.

ance reported in Part I using these same materials. The low "Both"

score suggests that the items are nct being learned simultaneously,

but the rise in this curve indicatexz that they may be learned se-

qgquentially. That is, once the visual stimulus has bezn learned for

a particular response, the dltory stimulus for that same response

may be easier to learn than is another auditory stimuius-response

pair.

C. Experiment 2

1. Introduction. The results from Experiment 1 were ambiguous.

With the material and procedure used in that portion of the experi-

ment, a preference for the visual modality was indicated. However,

these findings were possibly confounded with item difficulty.
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Consequently, the procedures were modified somewhat to form the yre-
sent portion of the study and additional materials were also examined

vusing these new procedures. All of the learning trials used a com-

bined presentation, while all test trials were unimodal, presenting
stimuii from each modality iundersndently. It was felt that the use
of this procedure would yield data relevant to the problem of

modality prefercnce.

2. Experimental Procedures. A total of 89 fourth-grade sub-

jects from the Detroit Public Schools were used in this study.

fhe three mets of materials from Part I which comprised the
conditions Alvl’ AZVZ, and A3V3 w;re used. The description of mate-
rials is given in the section concerned with apparatus.

A bimodal presentation was used for all 10 learning trials.
All test trials’were unimodal; i.e., the six visual stimuli were
presented in a block independent of the six auditory stimuli. The
subject was thus required to respond lZ‘times on each test trial.
The modality of the first six test items was alternated; i.e., On
the first test trial the auditory items followed the visual while
on the second the visual followed the auditory, et cetera.

Standard instructions were modified to meet the requirements
of the altered test trials. For the iearning trials, stimuli were
presented for approximately 2.5 sec follocwed by the response for «
like period. The intez -pair interval was 5.5 sec. ~During a test
trial the stimulus was presented for 2.5 sec with 5.5 sec allowed

for the recording of the respornse. Before each test trial the sub~

jects were told which“modality would be tested first so as to focus
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%« Results and Discussion.

Ly

was employed to present the materials.

Table 3.2.

Table 3.2,

pear in Appendix A.

tions are showr in Table 3.2.

3+

Means and stiandard deviations of tke
responses in each modality by conditions.

attention on the appropriate dimemsion,; thus eliminating possible

errors due to improper attention. The Ampex-Bell & Howell system

The mean correct responses by
modality, standard éeviationsi and sample sizes for the three cendi-
L.earning curves for these data ap-
The results of correlatzd t tests between the

auditory and visual scores of each condition are also given in

-3

number of correct

matérials, with more visual items learned.

amount of learaing of the auditory and visual components of A

Conditions Triszls 1-10
Auditory Visual tioa
AV, X 14,13 19.03 3,432
SD 7.30 10.45
N 31 31 )
AV, X 24,72 25,41 .70
< SD 12,37 11,86
. N 32 32
A3v5 X 29.73 30,23 .66
- SD 15,74 16.32
N 26 2€
** p < .01,

Inspection of the table shows significant differences in the

v

i1

This difference may be

————
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a function of the basic difference in the :uditory and visual materi- %
als. In this condition, the subjects had to learn 12 different %
stimuli, six sounds and six figures. Xo index of list difficulty %
is available. However, these resulis are coasistent with those cb- %
tained in Experiment i suggesting that the visual items are easier g
4

to learn.

Turning to the other materiais in the other two conditions, no
significant differences in the learning of A and V components were
found. This may be taken as evidence for the equivalence of the

auditory and visual representations of verbal matarials.

D. Experiment 3

1. Introduction. This experiment was an ocutgrowth of the two

earlier investigations in Experiment III. Those results suggested
that modality preference, if it exists, is based upon differences
between the auditory and visual materizls in a bimodal task. This
final experiment was designed to explore this proposition further.-
Thus, in this experiment each modality contained its own unique mate-
rial, both stimuli and responses, but the two sets were equivalent in
terms of difficulty or meaningfulness. A direct assessment of modali-
ty preference was obtained by presenting the two sets of material si-

multaneously and examining the responses.

IR R

2. Experimental Procedures. Subjects for this experiment con- %
siséed of 393 students from the fourth, fifth, and sixth grades of E
the Detroit Public Schools. é

Twelve three-letter nouns and 12 single letters were used as g
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stimuli and responses, respectively, to generate two sets of six
S-R pairs. One set, to be used for visual presentation, was the
n3"-type material from Part I. A second set of "3"-type items was
generated to be used for auditory presentation. The two lists are
given in Teble 3.3. The materials pPresented visually are designated

Table 3.3. Stimulus-response pairings for auditory and visual
materials., '

Visual Auditory

Stimuli Responses Stimuli Responses

GUN

CAT

RUG

ICE

ARM

SKY

"GUR" and the auditory materials “EAR" for ease in reference.

A combined condition, C, was used in which both the auditory
and the visual material were presented simultaneously. To obtain
temporal synchronization of the two modalities, the visual presenta-
tion consisted of the stimulus and response displayed side by side,
unlike the other experiments of this project. The auditory presenta-

tion was temporally matched to the visual, with the response neces~

sarily folldwing the stimulus. The total duration of the stimulus

€ oo e vmnanny
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aﬁd response was approximately 2 sec. The inter-pair interval was
approximately 4 sec with an inter-trial interval of 10 sec. During
the test trials the response was omitted and that time utilized by
the subjects for writing down their responses. The Tel-n-See system
was used.

Four control conditions were used in this experiment; all of
then were unimodal presentations of the lists of materials given in
Table 3.%. Not all grades were tested with every condition. Condi-
tion V presented only the visual ("GUN") items while Condition A
presented the auditory ("EAR") items. In order to check the‘equi-
valence gf materizals across modalities, an additional two conditions
presented the same materials but in the opposite modality. The "EAR"
list was presented visually and "GUN" auditorily. Im this latter vi-
sual condition ("EAR" list visually), the stimuli and responses were
presented sequentially rather than simultaneously. 1In this way, the
WEAR" list is procedurally equivalent to the VB ("GUN" list) as used
in Part I of the investigation.

5. Results and Discussior. The mean correct performance,

standard deviations, and sample sizes for the conditions are given
in Table 3.4, In the combined condition (C) three indices of per=-
formance are reported. A" represented the number of auditorily-
presented items correct, "V", the number of correct visual items.
Each of these had a maximum value of 60. The third index was the
number of times both responses of a bimodal pair (A and V) were cor-
rect for a single presentation. This score is identified as "B".

Learning curves for these conditions are given in Appendix A for
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»

-Téblé 3;h‘_.Meaﬁs-éndrstandard deviations of the number of correct

responsés, -by corditions and grades,

-~

. Conds. Fourth Grade Fifth Grade Sixth Grade
v A B . vV & B v 4 B
¢ - X 7.6 L.7 .9 - 12.9.-12.8 3.2 31.4 23.5 -16.1
SD 10.7 7.3 3.1 13.6 12.4° 8.7 15.9 15.2- 15.6
R 70 70 70 - 29 29 29 - 99 99 -~ 99
Conc. _
v Z 46,0
' SD . 14.5 .
N - 65 -
A, X 34.3
SD 14,0
N 66
o 41.8
~ er P 15.4
34
EART T - _ 35.5
- 8D 15.1

N . 30

R e A RSN

# "GUN" materials presented auditorily and "EAR" materials pre-
serted visually. :
each gradé.‘

~ The control cenditions point out a methodological effect which
was not anticipated. Contrcl Condition V was significantly better
than & (z = 4.69, p < .0l), as well as beiﬁg better than the results
of Part I which used the same materials but with a serial presenta-~

tion of stimulus and response (X = 38.0). . Control Condition A was

not different from the auditory results of Part I although the items
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were different. To confirm that fhe facilitative effect was a:re-

-

‘sult of the. 51multaneous preqentatlon of the stlmulus and the res-

“h. -

ponée +he’"GUN" materlal‘was p;espnted audltorily anG the "EAR"

material v1sua11y and serlally fnese results, shown in Table 3. 4

were not dlflerent from the results of Part I. it was concluded'

that list differences did not exist. What anpeared to ve a list

-gifferehce (v > A) is in'fact.a ﬁropedural difference{_,The_proce- .

-

durél effect madé comparisons within the experimeﬁtai condition less
interpretabieu

On the assumption that the procedural -tecliniques do not inter-
act with ﬁodélity of presentation, it was- decided to reduce the vi-

sual means, from Condition C, by a correction factor required to re-

duce V to the comparable conditiocd of Part I (V3). This factor was

.83, The corrected visual means for Condi%ion { are presented in
Table 3.5 along with the auditory means and standard error of the

.

.m%éns. In adjusting the wisual data, it was impoésible to make

Table %3.5. Auditory and corrected visual means and the standard
error of the auditory means for Condltson C by grades. .

Céndition ' Fourth Grade Fifth Grade Sixth Grade
Vv - A v A . Vv A

c X 5.8 4.7 10.7 12.8 26,0 23.5

sy . 09 203 105

'L
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appropriate adjustménts.of their variance., However, %here was
l-afailablekthe variance for the_ép@ifpry héané, which had not'béen
:é&jésted;. Gﬁ the'SAQis“;f‘preiiaué e%pefimentation;;aifferepéés
iﬁ varianc:2 wére notk éxpe;t;d és a_f;nctioﬁ of Qoda;i@y.‘ In a&di-
'%idﬁ, the original A andjv‘fériénces are nearly identical. 'Thefe»
fp;e,'the‘auditory_varianceslyerg takeg_aglé good. zstimate of_tpe

variance to be expected with the ad justed visual means.

~ -
<~

1t was decided to test the adjusted visual means for compata-
bility to the distribution of'auditory'means} The stardard erfor
of the auditory means was ‘taken as an index of their variability.
Given this, it is clear that, for 95% confidence, the visual means
shoulé not deviate from the auditory means by more than 1.96 times
the aténdard efror of the auditory meang.' Under this coneservative
criterion, none of the adjusted visual means were significantly
different from the auditory means.

A very marked effect is ;he increase in performance level in
Condition C across grgdeé. These increases from fourth to sixth
grade are on the or&er of twehty-fold per cent’the ingreases ob-
served in Part I for performance on nouns across the same grades.
It would appear that subjects in the fourth.grade Qere essentially
unablé tq ﬁandle the task, as évidenced by their low performzuce,
while tgé'fifth and sixth grades showed increasing proficiency with
a task of thié nature. Such marked differences between adjacent
grades have not been observed in any previous experiments conducted

in either Part I or the present project using less complex tasks.

It is suggested that modality preference may reflect tae
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gimilate., The auditory presentation, necessarily a serial event,

. study time available to the subject.,

51

o

Yor-

sequential limitation of auditory presentation, The simultaneous’

visual presentation of all facets of the stimulus'anq response

~ -

places no ‘limitation on the rapidity with which a subject.can aé;_

may impede the assimilation process and, as well, may reduc=. the

» rd

-
~

E. Summary and Conclusions " .

] . ' M
um-nmﬂwmnadww%mmmmw oo S5
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In total, 588 subjects were tested in the threec investigations
of modali vy preference. The first two pointed to the fact that
mcdality preferences would only be demonstrated to the degree that

the materlals in each modality are d;fferent. It will be recalled

that, for Alvi

dalities were significant, and that the materials involved were dis-~

conditions, differences in’ lezrning of the two mo-

gimilar. For the "2" and "3% materials of Experimeat 2, nc differ-
ences were found between modalities. It is noted that the materials
were “equivalent" in that the v1sua1 presentation correlated directly
with the anditery. Thus, at the conclusicn of Experiment 2, state-

ments of modality preference were limited to ponmeaningful-nonverbal

paterials. and could be said to be a function of differences between
materials in each modality. Experiment % used different sets -of
meaﬁingful—verbal material for each modality. On the basis of the

results of 1 and 2; it was expected that modality preference would

that the difficulty differencee between Al and Vl materiais were

:
Ye demonstrated. This expectation is gnalified by the assumption é g
replicated in Experiment 3. é
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~ between the sets of materials but only as alfunctién of the ﬁannerr

.inferred thét the modality preferences demqﬁstrated for ¥1".type ma-

_terials were a function of inter-list difficulty and not. modality. -

‘demonstrated to-the degree that the lisis are made up of materials

‘efficiency of different unimodal methods of presentation.
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. The results of Experiment 3 demonstrated difficrlty differences

b4 - . -

4

-

- .

of presentation. ‘At this point the source of “the differences is

AL I LI N T DI AR BRI T
G

not relevant. Given difficulty differences, modality preferences

will emerge. “When list difficulty was equated, modality preferénces.

CE A

were not demcmstrated. Returning to Experiment 2, it may then be

0y . ~ .

-~ -~ -

AL

per se.

It is concluded that éignificant modality preference can be

which differ in difficulty across modality. Given that the two

R
LA S

modalities ére equivalent, it was shown thaf the specific probedural
techniques can be manipulated such that 2 modality artifact will

arise, as in Experiment 3. A great deal of caution must be exer-

cised in the design of bim¢dai tasks to insure that limitations of

L

the method of presentation do not create such_artifacts. - Unimodal

control conditions are deemed necessary %o evaluate the relative

Contrary to the Day and Béach hypothesié concerning ac _..sition,
it'would seem that superiority of one medality over another is not
the case, If the concept of modality preference has any validity, a

return te individual testing may be required to demoumstrate it.
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Experiﬁent-lv‘

Integraticn of Visual and Auditory Responses
into a Single Response in Paired-Asscciate Learning

-, -, - - - -
- . -

- H . . . . - - . . . .
- - " . - - .. . - - L. . .~ -

" ABSTRACT. Fifth- and sixtb-grade subjects were tested.in
two experimental conditions. The "combined™ condition

. simultaneously presented auditory and visual material for

-10 tridls. The "separate' condition presented the matz- .

rials unimedally for the first five trials; the remairing
trials used a combined procedure, The results indicate

that ‘bimodal tasks should be taugiht unimodally. Implica-
~tions for the teaching of hearing-handicapped children

are pointed out.. - . . N

-~

A, Introduction

The experiments conducted previougly to’ examine modalit& pre-
ference have besn designed so that the task could be mastered by
attending to the materiai in a single médality. The results have
suggestéd iﬁat, under these¢ conditions, thé subjects tend to (1)
select the more meaningful‘chaqnel, or (2) select either modality
if meaningfulness is equivalently highﬂ There was no indication
that subjectz attendsd to both channels simultanéously. However,

in these studies there was no need. for the subject to do so.

-, .

s . . | .
Che presenl study is conrcernad with performance wher materials

presented both auditorily and visually must be integrated by the

subject in order te achieve ths appropriate response; It further

explores the more efficient way for iatroducing such materials for
learning, by varying the aanner in which initial contact is made

with the materials. It is felt that experiments of this type have

particular relevance for hearing-handicapped children. HMuch of
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N o » their 1anguage leérﬁing in?olves the integration of visual symbols,

e.g.; lip readlng, with sounds which they receive. The critical

-~ . . . ; .

3 . S questlon te be answered 1s whether it-is more efficient %o teach the

TG T I et S SR o v

heariﬁg-haudicapped_chiléren by one modality jnitially and then to

Ly !w'

- . . intiodﬁce the second modalitia or, is it botter £0'preeentiboth the :

vl
(A

- i . . auditory and visual materials simultaneously throughout the course

1Y b h M -
\

N of learning."Examining‘the performance of childrern with normal

¢ . ' —heaﬂ ing under experimental conditions should hel 1p %o establish nor-

mative data permitting us to describe performance under optimal

4 .
Yo v e e L it
,

conditions of seumsory acuity.

B. Experimentei Procedures
1. §ubjects; A total of 148 students from grades 5 and € of
the Detroit Public Schools were used as subjectis. .

2. Materials. The visual stimuli were four meaningful words

{noune} projected on a screean for four seconds each. The auditory

~stimuli were four_sounds generated by an "American Song Whistle'

manufactured.by the American Plating end Marufacturing Company.

These sounds were tape-recorded and presented over a loudspeaker.
- ' The auditory stimuli wére all of 4 sec duration, and of different

frequency configurations. Two of the stimuli were of constant- fre-

quency at either 34G or 680 Hz. The remaining two stimuli made a

smooth transition through the octave inisrval during tke first 2 sec
; and, for the remaining 2 sec, had a comstant frequency at either 340
or 680 Hz. Responses were single-digit numbers presented in the

. appropriate modality,

NI I YL
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The $-R pairs are summarized in Tahle 4.1. The "Auditory"

‘

- stimuli are described in terms of their frequency configurations.

- - .
- - -
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Tabie 4,1, Stimulus-response pairings for the two modalities.

. .' - -

%
)}.l.

Visual' . - L " Auditory

ol me;:%;;ﬁa'

Oy

-

P
148,

-

Stimnli Responses = .- ° - . Stimuli . ~ Responses

- -~

' GUN - . "7 680-340
ICE , S 340-680 -
ARM - 680
SKY - . 340

B R T Ay

3. Procedure.  The Ampex-Bell & Howell system was used to pre-

sent materials. As usuai,'the recall form of the ﬁaifed-associate
paradigm was used with alternating. learning and test trials for a £
total of 10 sets of trials., Two experimental conditions were used

which employed different procedures for the presentation of the audi-

tory and visual material during the first five trials only. Proce-

wors

% fﬁ“’: B LT ﬁ\m’%‘?\ﬁﬁ‘% 0

T

dures during the last five trials were identical for the two experi-

mental conditions.

s

AW

fioa

As. indicdted previously, stimuli in both modalities were on for

i

N 'l‘illw

e

4 sec. Responses immediately followed the stimuli and were preéented
in their appropriate modality as indicated in Table 4.1. Duration of
responsé items was approximately 1 sec, the time interval required to
ferbalize the number. Care was taken to synphfbnize the onsét, dura-
tioﬁ, and offcet of visual iteme with the auditory items. Inter-

pair interval was 4 sec and the inter-trial interval was approximately
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_202sec;

In the "combined“ condition, subjects were presented the .

. . N - . “ -

strmulus-response pairs in both mo elit e' 51multanerisly During

PR ~

all test trials, these subJects wrote two-digit responses on four

1ines of their test booklets, one dlglt for. each modality._'The

ordér of the digits was not critical in a response; i.e., 89 or 98

-

‘were both scored "correct'., In. the "separate" condition, subjects

- ~ ~
~ - - b -~
-«

were presented'four_items‘in one modality and then.the four items
‘of the other modality« During the'first five test trials, these
subJects wrote Single-digit responses on eight lines in their test
bookletsc For the last five trials of the "separate" condition,
the_ssme procedure as in the "combined" conditions was used. That

‘onr trial 6, suogects were instructed that the same materials
would be presented, but that they now woild be presen:ed together;
one stimnlus and response from each modality simultaneously.

Four learning and four test orders were used in the ﬂcomoined"
condition, Two learning and two test orders were used'for.the_
"separate" condition during the first five trials. Dnring the re-
maining five triale, the four orders used in the "combined" condi-
tion were-empioyed.- Sinoe the possibility existed that som= sub—_
jects would learn two~digit numbers, thus enabling them to attend to
a single modality in the "combined" presentation, three different
sohenes of combining 8-R units were used, allowing for different
cembinations of the units in the two modalities. The instructions

emphasized the fact that both stimuli must be attended to siuce the

same auditory and visual items would not be constantly presented

v o b <= gy e
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“finspection of the fifth- and sixth-gracde. group means for the

- N -

two‘éxperimental‘conditions indicated little grade difference within

R

AT BT o I P TS BTN ST
/7

conditions. Therefbrei groups were pooled and all results reflect

-

‘¢
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. Table 4.2 summarizes the medns and standard deviations of coz~

rect responses ior auditory, visual, and total (auditory plus visual)

items, for trials 1-5, 6-10, and 1-10 for fhe.two experimental con-
-ditions. .Inspectidn of the table indicates comsistent superiority
i " Table k,2. Means and standard deviations of the number of correct.

responses for auditory, visual, and total items within trial bldcks
for the two conditions.

Conditions Trials 1-5 Trials 6-10 Trials 1-10

A ¥V T A v - T A -V T

" Beparate X. 7.1 10.2 17.3 8.4 12.7 21.1  15.5 23.0 38.h
(¥=100) SD 4.9 4.8 8.5 6.5 5.8 10.9  10.9 10.0 18.7
Combined X 2.9 5.2 8.1 3.4 7.1 10.5 6.3 12.3 18.6
(N=98) "~ sD 2.1 3.0 3.8 2.8 48 5.7 4o 6.7 8.1

of the "separate'" condition over the '"combined" condition for both
modalitieé and for total scores. Differences were significanf

(p < .01 for all comparisons using z tests).between conditions with-
in all three trial blocks for auditdrj,'visuél, aﬁd fotal scores,

‘}: verifying the consistent superiority of the "separate" crndition.
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Figures 4.1 and 4.2 (p. 59) give the learning curves for mean
total correct resp;nses as well as for the two modalities for the
two experimental condifions. There is a rather smooth progressive
increase in total learning scorcs ovzar the 10 trials except for a
slight depression on the sixth trial for the "'separate" condition
which undoubtedly reflects the change in instructions at this point.
The lack of overlap ir the curves for the two conditions indicates a
clear superiority of the "separate" condition.

The different instructions necessary for the two conditions may
account, in part, for the initial superiority of the "separate" con-
dition. However, the consistency of the observed superiority, and
especially its continuation in the last five triails, makes it doubt-
ful that instructional differences are of any importance except in
the first few trials. Neither is "set to respond" anoimportant vari-
able. The task facing the subject in this experiment could be par-
tially mastered by attending to only one modality so long as the
subject considered a single-digit response adequate. To the degree
that the subject recognized a two-digit reéponée as veing the ap-
propriate answer, the task bacame bimodal. The set to respond
either with one digit or two is not a function of the'way-ghé mate-~
rials are presented since the "separate" condition produced muvch

better performance cn the last five trials which used a combined pre-

sentation.

D. Summary and Conclusions

4
The major purpose of this study was to determine the reiative

-

S ST TR ORI R S S A L OO AR HE T W R O R X T S S A vy




MEAN CORRECT RESPONSES

MEAN CORRECT RESPONSES

" 7.0 3%

8.0 L 3

72,01

6.0 &

5.0 -t
4.0 -pa

3.0

200"’

- M -
- « - - LJ
~ < . - - e - o - - s -
- » B . PO - . < =T - - . - = -
- - B R g - C v . - - . - - -~ - M
- . - N ST Tl A .- - - - .
e ' - ~ - . - v - - e S et
y vl ’ - A - R NN
" S . . N B v .
T . . . : -

59

Tot.

IV o
\
O

Lad o
w b
k..
wn
N
=T
0
=t

TEST TRIALS

FPig. 4.1 Learning curvesc for "separate™ condition; by modality and total performance.

8.04

6'0 R of

5'0 L 3

4,0 4

3.0 L

2.0

"

.—-c-—n’.-.' _.‘-.-.- -

A S~
/-—‘.-n.'-.‘-a,// \."'."",“'_-"'PN_ .// S ——® Aud,
- :

?ig. 4,2

g 2 2
L I Ll 4

3 b 5 6 ?
TEST TRIALS

1
 J

() e
Y o
A\’
-
o-b

Leurning curvea for Ycoebined" conditiony by modality and totsl perforamance.

. -

[ ST o

g

crae
NN

-

a

ARG

DI

o
o
Wk,

ey

'

o

S,

L

I
A

3 ey
. ald
1 Y

Q}:.\\S‘S:\ m,

A
0

\eis
2
AN g

o
By

5

ARG

t} ,‘?;“\“:{' R .i‘j.“_\

f
o)

it

V_s:u

..~ -. ..-
TICINAT SR g

t

K ..

o

"R N IRy T o, RN e
. .




z - LS
g ra s At errre ke e v e i A e m e S W A ————— W

s e g g¥nne ) Mt A~

60

efficiency of learning segments of a bimodal problem initially aad

then combining them into a whole versus "whole" learning throughout.

The results clearly indicate that better performance is obtained

when the task is divided into smaller unimodal segments initially.

T PR

This study has considerable implications for the training of
hard-of-hearing subjects. To the extent that theupasks used here

are comparable to the teaching of language to such children, it

oy S8 arve T W

would seem that the most successful approach would be to present

either the visual or auditory verbal material alone before attempt-

ing to use a "bimodal" presentation.
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Experiment V

? #ﬁ"z‘?\‘m*

The Effect of Unimodal and Bimodal Cues Upen Learning

ABSTRACT. A paired-associate task was used where each
stimulus corsisted of two elements. By manipulating the

sense modalities by which the elements were presented,

four experimental conditions were obtained. Grades 4

ang 6 were tested. A clear superioriiy of the unimodal g
visual condition was obtained follower »y ore of the

bimodal conditions. The relative efficiency of unimodal

versus bimodal cues appears to be a function of factors

such as modality and meanirgfulness.

A. Introduction

Evidence is available which points to the conclusion that man's
perceptual system is basically a single-chanﬁel one at any given in-
stant. Davis (1957) suggests that the processing of sensory infor-
mation occurs in the same place reéardless of the modality ueed.

HYis data supported the hypothesis that simultaneous auditory and vi-

sual stimuli must be processed sequentially since both nmust pass

- through the same single channel before appropriate responses are
made. He inferred that the processing occurs centrally since two

" simultaneous signals ir the same modality are processed at the same
speed as are two simultaneous-signalg airiving via different modali-
ties. This finding suggests that it is not the shifting of atten-

tion from one modality to the other that is responsible for the de-

1éy in reéponding to the two stimuli. The paradigm used by Davis o é

involved reaction times in responding to each of the stimuli. 5

This Bame conclusion is supported by -evidence gained using en~ %

‘; tirely different paradigms. Gaeth (1960; 1963), using a paired- %
'ﬁ z
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associate learning task with grade-school children, also obtained
evidence which suggeéted that subjects are alternately unimodal in
responding to stimuli presented audio-visualiy. This same interpre-
tation is offered by Mowbray (1964) to explain the accuracy in iden-
tifying visual targets during auditory shadowing.

In all of these studics, however, the subject was able to res-
pond correctly while attending to only one modality. That is, each
modality had its own ;orrect response. Lordahl (1961) employed a
paradigm which required subjects to attend to both auditory and vi-
sual cues before being able to respond appropriately. In his study,
aa auditory and a visual element were needed to correctly identify a
concept. One interesting aspect of his«findings was that the type
of errors made gave "strong evidence!" that subjects responded pri-
marily on the basis of the visual stimuli. tending to ignore the
auditory stimuli.

The present study is concerned with the effect of using cues in
one or iwo modalitiess upon paired-associate learning. Stimuli were
chosen which comsisted of two elements which must be integrate@ in
ordé} to 9omp1etely differentiate among them. Each element appears
in more than one stimulus complex but unique pairings characterize
the specific items. Attending to either element aloné will reduce
thg response set to a few alternatives; however, only by attending
to both elements can the single appropriate response be learned. By
" varying the modality of the stimulus elements, thé relative efficien-
¢y of unimodal and cross-modal presentation can be evaluated.

If the single-~channel concept is an appropriate model for
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perception, no differences should be obtained among the conditiocns
since the stimulﬁs elements will be processed in the same central
area before responding regardless of the sensory modality employed
in presenting the material. This is not to imply %that the two mc-
dalities do not differ as to the efficiency with which they react

to differing stimuli. These.péripheral differences in the semsitivi-
ty and discriminability of the sense organs are not to be confused

with the central single channel by which the information is pro-

- cessed. In other words, differences among the conditions in this

study can arise if the amount of information transmitted by the two
modalities is not equated.

Cn the other hand, if Lordahl's findings are valid, they imply
that there is a set to attend to oﬁly one modality at a time. Both
his findings and the conclusions reached by Day and Beach (1950)
suggest that the visual modality tends to be exclusively attended
to, at least when acquiring new material. Therefore, tﬂe single-
channel concept requires modification. Although information from
either sensory modality can be processed in an unbiased fashion by
the central nervous system, an attentional bias may be operating
indépendently which selects the modality te be tramsmitted. Under
its influence, the subject would presumably perform ﬁettpr,with cues
presenteﬁ in the same modality as compared with cues presented in
separate modalities. It might be fredicted, then, that the condi~-
tion where cues for learning are presented exclusively visually
would result in better performance than when presented only suditori-~

iy, and that both single modality conditicas would be better thean a
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. bimodal preseatation.
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B, Exgerimental Procedures

1. Subjects. A total of 420 children from grades 4 and 6 of
the Detroit Pubiic Schools was used in this study.

2. Materials. In selecting the elements Yor the stimuli, con-

siderable attention was given to choosing materials which could in

some way Le termed "Yequivalent' regardiese of whether they were pre-
y P

AL T S 1 T g a4 LT B

e sented visually or auditorily. Familiar three-letter words were

chosen ss one of the elements with little argument concerning the

P

equality of these stimuli across modalities.

The second element of the stimulus proved more difficult in
meeting the criterion of equivalence while being of such a nature as
to be readily integrated with the word. Simple iine drawings were
finally selected as the visual elemeats while sounds of the same con-
ceptual configuration were used for the auditory elements. Three of
the auditory stimuli used in Experiment IV were selected. Observa-
tions made during the course of that study indicated that children
respoxd physically to stimuli of this nature. Equivalence of visual
avd auditory coafigurations is claimed on the basis that both kinds
of stimuli produce similar gross motor responses in children; i.e.,
children made similar arm and body movements reflecting the direc-
tions of chenge i the lines or sounds. These sounds were generated
byxan “American Song Whistle' manufactured by the American Pluving
7 . and Manufacturing Colpany.
| Thraee aiégeregﬁ.sonad; were used: a sound that began at 680 Hz rf?f

" s
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‘aud then changed an octave to 340 Hz (hereafter referred to as

Sound 1), another began &% 340 Hz and cheuged upward to 680 Hz

. (Sound 2), and tke third was a sound held at 340 Hz (Sound 3). The

lines selected for %*he 7isual counterpart of these sounds were char-
acterized by the same configurations: __ , / , and e

Using two words, GUN and SKY, and the three lines or sounds,
gix Gifferent compourd stisuli were generated. Four experimental
conditions varying the modalities by which the stimulus elemenis
were presented were used. The conditions are labeled V+V indicating
that both stimulus elements were presented visually, A+A when both
were auditory, V+4 when visual words were paired with the sounds,
and A+Y when the spoken words were presented with the lines. The
responses were single letters presented visually in all conditions,
Table 5.1 presents the S-R pairings used in the four conditions.

3. Procedure. The recall form of the paired-associate learning

task was used in which 10 learning trials alternated with 10 test
trizis. The two elements were presénted simultaneously by means of
a slide projecter and/or tape recorder, as determined by the condi-
tion, followed by the visual response. The Ampex-Bell & Howell sys-
tem was used. For a learning trial, the duration of the exposure

of the stimulus and response items was 2 sec each for conditions
A+V and A+A, with an inter-pair interval of 4 sec and an inter-
trial interval of 10 sec. On the test trial, the response was elim-
inated lLeaving & 2 sec stimulus followed by a % sec interval during
which the subject could write his respomse in the answer booklets

provided, The procedure for conditions V+A and V+V was the same

e i)
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Table 5.1. Stimulus-response pairings for the four conditiozs.

Stimuli Regzonsés

V+V, A+V V+4A, A+A

\eux GUN

GUN

GUN
SKY
SKY

SKY

NOTE: 1In identifying the conditions, the first letter refers Yo the
modality in which the word is presented. The numbers in A+A
and V+A refer to the sounds as described in the text.

with the exception that stimulus and response durations were 3 sec

each.

C. Results and Discussion

The mean correct responses, standard deviations, and sample
sizes for the four conditions are presented in Table 5.2. Learning
curves for the conditions for each grade are given in Appendix A,
An analysis of variance was conducted, using Winer's (1962) proce~
dure for’unequal sample size, based on the harmonic mean. The sum-

mary of the analysis and of the Scheffe procedure for selected com=

parisons (Winer, 1962) are presented in Table 5.3.

As indicated in Table 5.3%, significant differences among

conditione and between grades were obtained while the interaction

« 7 . i
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L Table 5.2. Means and standard deviations of the number of correct
?; responses, by conditions and grades.
2
ié Conditions Grades
4 6
V+V X 22,79 28.19
SD 13,03 15.78
N 3k 32
V+A X 17.94 15.38
SD 9.62 9.57
N 53 58
A+Y X 12,07 13,34
SD 9,24 9,76
N 67 58
A+h X 10.84 - 14,67
SD 7.69 9.72
N 61 67

Table 5.3. Summary of the analysis of variance and the Scheffe
tests for four conditions and two grades.

>§ Source df MS F
¥ Conditions (C) 3 4170.94 39,81+
£ Grades (G) 1, . 743,56 7,10%*
}: C x G 3 326,48 3,11
| : Within Cell 422 104,78
£ I g 12.66 12.84  16.60 -  25.41
Conditions A+V A+A V+A V+V .
" p < .OL.

# Lines comnect nonsignificant differences at p = +Ok.
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Fig. 5.1 Mean correct responses for grades; by conditions.

was got significant. The grade difference was in the expected
direction with the fourth grade performing at a lower level than the
sixth grade on nearly all con‘itions. As seen in Table 5.2, the
sole exception is condition V+A. However, this reversal is not suf-
ficient to create a significant interaction and can be considered
sampling variation.' Of greater interest is the significant variance
atéributable to conditions, As indicated in Table 5,3, condition
V+V was significantly better than the other conditioas as had been
predicted. However, contrary to our hypothesis, the next best condi-
tion was V+A where visﬁal words are accompanied by sounds. Perform-
ance on this condition, while significantly poorer than V+V,nis sig-
pificantly better than the otber two conditions which did not differ.

Tﬁese’réldtio&éhips,are.showp in Figure 5.1.
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D. Summary and Conclusions

This'study was designea to evaluate the effect of employing

LN

one or two modalities in presenting elements of a complex stimulus
for learniﬁg. The resulté_tend to prcvide further evidence for the
supériofity of the fisual'modality in acquiring new material, as
discussed by Day and Beach (1950). It also clearly indicates that
complex stimuli are best compourded when presented within the same
modality if that modélity is visual. The unexpectedly high level
of performance achieved on condition V+A tends to imply that one
should utilize the wvisual modality for the meaningful or more
familiar material and the auditory for the.lesé familiar stimulus

element if it is necessary.to use two modalities for the presentation

"-
"

of material.,




Experiment VI

Modality and Meaningfulness in Children with
Moderate Hearing Impairment

ABSTRACT. The performance of hard-of-nearlng, normal-
hearing, and deaf children was.compared on four condltlons
designed tc evaluate the modality used to lezrn. Two con-
ditions presented materials auditorily amnd visually for 10
trialts followed by five trials with onily the auditory com-
ponent. Two control conditions presented the auditory ma-
terial alone for 15 trials. Auditory material was either
nonmeaningful-nonverbal or meaningful-verbal. Results in-
dicate that hard-of-hearing subjects, like the normals,
attend to the modality containing the more meaningful mate-
rial. However, meaningfulness of auditory words is de-

. creased by the poorer discrimination of these subjects.
The deaf, as expected, utilize the visual material in a
bimodal presentatlon. No differences were found among “the
three groups in learning nonmeaningful-nonverbal auditory
material,

A. Introductioﬁ

Part 1 demonstrated fhat, in a bisensory learning situation,
attention is directed chiefiy to the modality which is more meaning-
ful., With normal-hearing subjects, meaningfulness is defined in
terms of the material; with deaf subjects the visual modality is al~
ways the more meaningful regardless of materials. No information is
pfésented, however, concerniﬁg the performance of subjects who have
mild to modeféte hearing losses. The general educatioﬁal policy im-
plies that such children are more like those children wi.th ﬁormal
hearing since they are usually assigned to regular classrooms. Hear-
ing aids and auditory training are prescribed according to the sever-
ity of the loss among other considerations but, on the whole, such’

children are assumed to make use of both the auditory and visual
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sensory channels for learning.
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This.assumption has not been directly examined empirically. No

good expérimental design was available which allowed inferences to

be made cbncerning modality preference im such éhildrgn{ The impor-

tance of testing the assumption that moderate degrees of hearing

loss do not interact with meaningfulness of materials and modality of
presénﬁétion cannot be over-emphasized. The present policy of plac-
ing such children in normal learning situztions may be entirely in-

appropriate if it is shown that any degree of hearing impairment is

characterized by a complete abandonment of the auditory modality in

, h“\ s nm

a bimodal condition.

7he experimental procedures from Part I which permitted conclu-

sions about modality préference in normal-hearing and deaf children

were useful in examining the validity of the assumption in question.
Using the same methods, data were obtained from subjects with varying
degrees of hearipg loss and their performance compared with the other
two groups. If the child with moderately-impaired hearing responds
.to'the bisensory presentation in a ﬁay which implies that meaningful;
ness of material is tﬁe cruciél'factor, this would iﬁéicate that

such subjects function like those with normal hearing. If’, however,

" they respond to modality rather than material, this would suggest

that they function more like deaf subjécts.-

B. Experimental Procedures

u t
AT

1. Subjects., Seventy~two children with mild to moderately

Lo
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severe hearing losses were tested. No hearing impairment exceeded
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6QC dB in the better ear. All were enrolled in regular classes in

the Detroi.t Metropolitan area. Because of the limited sample avail-

able, chi;dren in grades 4 through 6 were used. These subjects were

divided into four expefimental groups with about equal grade repre-
sentation, randomizing hearing impairment. Table 6.1 summarizes the

hearing levels for the groups.

&,

Table 6.1l. Mean hearing loss for the four experimental groupé ex-
pressed as mean pure tone average (PTA) and mean speech discrimina-
tion scores (DISCj.

Groups . pra : DISC
X SD ‘X SD ‘
1 34,94 11.81 ‘ 82,22 9.53
3 36,11 12.94 65. 4k 20.84
L 28.11 15.69 79.11 174k

Analysis-of variance of the pure tone averages (PTA) for 500,
1000, and 2000 Hz yielded an F of 1.32 (df = 3, 68). This value is
not significant at fhe 5% level indicating that the gfoups did not
differ in average heéring loss for thosé frequencies. Inséection cf

- the complete audiograms suggested that the groups did not differ

significantly on the other frequencies tested either. Each group
;ontained all degrees of heéring impairment as suggested by thé SDs
in Table 6.1. Mean threshold values by air and bone for the entire
bpmﬁ;é'of ﬁeériqg-handicapped children are illustrated in Figure 6.1

(p. 73)." The whoie sample is presented because of the'great
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similarity among groups. The corresponding values for the four
groups -do not dlverge greatly from the total values,

Mean speech discrimination scores for the four groups were also
‘examlneda_ ‘These are also glven in Table 6. 1. Analysis of variance
“indicated tha* the groups differed 81gnlf1cantly (F = 3,34; df = 3,
68 p < .05) on‘this_vgriable. Analysis of the selected compari-
sons (Winer, 1962) showed that the two extreme groups (1 and 3) were
the source of this significanit variance. This was not écnsidefed
critical since these particular groups-were not tested with speech
materials, Furtihermore, the significant F ratio may reflect the
heterqéeneity of variance among thesé data since diécrimination

scores are skewed.

2. Materials. Vl, Al, and A3 materials, as described previous-
ly, were used. Single-letter responses and S-R pairings are as
shown in the Apparatus section of this report.

3. Procedure. The recall form of a paired-associate learaing

task was used with alte;nating learning trials and test trials, for
a total of 15 sets of trials, éroups 1 and 2 received the experi-
mental cénditions, in which the first 10 learning and test trials
were a combined audio;visual presentation, and the last five sets
of trials had the visual diménsion removed leaving the auditory ma-
tfrial intact. Groups 3 and 4 constituted the control c;nditions
Qﬁéré the auditory presentation was used throughout all 15 sets of
trials,

In terms of materials Groups 1 and 2 received Alvl-Al and

'A3V1~A,, respectively; while Group 3 learned Al-A1 and Group 4,

whit
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A3-A3. The notation follows tihat used in Part I. The symbols pre-
ceding the hyphen indicate the material and modality preseﬁted for
the first 10 sels of trials; that following the hyphen indicates the
materiél and modality used. in trials 11 through 15. In all condi-
tions the.last.five trialé were auditcry. For the fwo experimental
conditions, the auditory and visual material were presented simul-
taneously by tape recorder and synchronized slide projector {Ampex-
Bell & Howell systéﬁ) for trials 1 through 10, the tape recorder con-
tinuing for the remaiﬁing trials. For all conditions a short rest
period was allowed before the tenth learning and tcsf,trialf Three -
random orders of S-R pairs were used for the learning and the test
trials,

During a learning trial the stimulus was on for 2.5 sec followed
by the response for 2.5 sec. The inter-pair interval was 5 sec and
the inter-trial interval about 15 sec. Dur?ng a test trial the
stimulus was presented for 2.5 sec with an inter-item interval of

5.5 sec to allow the subject time to write the response down in

booklets provided. For A3 material and for the auditory responses,

a single pronunciation was useé for each presentation. The duration

of these itema was probably less than the times indiéated'but the

same "segment" of time was. allowed for these materials; i.e., the .
“onsetftofonset" time remained constant. Separate pages in the

response booklets were used'for each test trial.

The subjects were tested in groups of two to five children.
They were instructed to remove their hearing aids after the direc-

tions for the task had been given. Prior to the presentation of the
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experimental material, a tape of recorded pairs of digits was used
t6 adjust the gain of the amplifier to a level at which all tke

children could iéentify the nunﬁers as they were played. This same

—n gy, ¥R e it 80 s swesare

level was used for the exnerzmental material.

C. Resulis and Discussioxn

Due to the small sample sizes which were available for this
atu@j, comparisons of performance among children with different
degrees of hearing impairment was not feasible. Therefore, the
hard-of-hearing (Hs‘group was tgeated as & clinical entity and their
pérformance«was c&éparéd withythatxof children classified'as normal
(N) or deaf (D). The deaf subjects were enrolled in a state resi-
dential school for the deaf and had Learing losses greater than 60 dB
in the better ear for the speech ffequencies. Normal subjesis were
- enrolle& in the fcurth grade of the Detroit Public Schoels. These
two groups are described more fully in Part I from which the data
are obtained. X

Table 6.2 summarizes the performance cf.the three hearing
groaps‘on the four qonditions useé in this study. No data are avail-
able for the deaf group for Condition A3-A3’ because the subjects

5 were unable %o discrimirate the words being presented. Figure 6.2

(p. 78) presents the relative performance of these groups
graphically. |

% Examination of ‘the data in Table 6.2 shows some interesting
'i; _ | | trends.‘ The mean correct responses on trials 1-10 and trials 11-15

for- the normal»hearmng group for Conditions A3V1~A3 and A3 A3 are
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. about the same on all fbur conditions. The deaf ‘group, unlike

.for the first 10 trials of each condition and perfbrﬁs alike on the

" very low and no data were obtainable on AzﬁAz alone. From this

) vigwpainﬁf'ﬁhe.perférmance of normals and the deaf mirro:i one
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Tabvle 6.2. Means.anéjéﬁandard deviations of the numbar of correct
responses for trials 1-10 and trials 11-15, by ¢onditions and hearing
category. :

Conditions ** _Normal Hard-6f-Hearing. Deaf
1-10 11-15  1-10 11-15  1-10 11-15
vV, - X 27.6 11.9 - 27.3 16.5 - 45,0 '13.0 y
Al 1 Al SB 1307’ 6.8 \14;_1 807 90L' 805
N 30 .. 18 i6
AV A, X 37.8 27.1 25.6 19.8 7.4 2.4
SD 10.4% 3.9 14,7 10.2 14,7 2.6
N ‘31 18 16 -
B8, ¥, c22.2 18.4 22.2 4.2 16.0 12.7
SDP  1G6.3 7.8 12.8 8.3 10.1 9.1
N 27 18 21
Ay-ig X 3k.A4 24,6 21.8 18.3
2 SD 16.8 7.6 13.4 10.1
N 33 18

similar and higher than the values for the other two conditions.
This trend is not observed among the hard-cf-hearing, where mean

performance for the first 10 trials and for the last five trials is

either of the otiler hearing'groupé, performs at a different level

last five trials of'AlvléAi and AlfAl?, It might be inferred that

the deaf perform alike on the last five trials of the two conditions

using A3 material as well since the mean performance on A,V.-A. is

31753
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Fig. 6.2 Mean correct responses for trials 1-10 and trials
11-15 for three hearing categories; by conditions.

another on the last five trials where the presentation is always

auditory.

-~

One other point of interest in Table 6.2 is the direction of

the difference in performance on the two combined conditions during
Z
the flrst 10 trials.- The normals performed better on A3V1-A than

3
on A1V1~A1 while +he deaf show just the reverse. Since these two
condltlons differ only in the audltory dlmenS1on, this suggests
that the two groups dlffered in the efflclency with which they were
able to. utlllze the 1ncom1ng 1nformat10n being presented in the two
conditions. The fact that the hard-of—hearlng group shows ne1ther
. tendency‘suggests that all conditions were equally meaningful to

them.
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Analyses of variance were performed upon various subsets of the

data in order to ascertain the dominant modality for the different

hearing groups and experimental conditions.. Performance on the first

the appropriate auditory conditiqn, to evaluate the effect of adding

. 10 trials of each combined condition was compared with its control,

the visual material. Comparison of the performance on the last five

trials of the combined and control conditions again gives informa-

to in the first 10 trials.

to the addition of visual stimuli.

>

tion concerning the extent to which th2 auditory material was attended

It also indicates any facilitation due

Furthermore, these analyses al-

r

low inferences to be made concerning the similarities in performance

among the three groups of children.

Table 6.3 presents the results of the analysis of variance for

Table 6.3. Summaries of the analyses of variance for Condicions

A V.-A, and A

11 1

and trials 11=15,

-Al for all three hearing categories for trials 1-10

PTrials Source af MS F
1-10 Hearing Level (HL) 2 443,61 3,10%
Conditions (C) 1 259.91 1.82 -
HL x C 2 1936.70 13.54*+*
Within 124 143,06
11-15 Hearing Level (HL)" 2 80.40 1.2%
o ‘Cohditions (C) 1 51,06 .78
"HL x € 2 217.22 3,328
Within 124 65.32
" p < .OL. )

* p < .05.

T w,:.ﬂfv‘,@,,:“/, o,

ey e e o o e W P, e e o -
T 4 : RPNt

4

BRI e i T

B, e

R
YR .

MO Satied b i
4 LA Wwu® Ty eV

2R}

2

=
R

LY

rony .
= ", s %’)\".““’I‘"k
\,{\ L

g P vy e




V' dabaeet

N e e, e i

80

the three groups of children on Conditions Alvl-Al and Al-Al for
trials 1-10 where both visual and auditory material were presented
in the firgt condition and for'trials 11-15 where both conditicns
consisted of only the éuditoryidimepsion. As indicated there, a
significant differenée in heéring groups ani a significant interac-
tion between hearing level and condition were found on the first 10
trials, while only the interaction was significant on the last five

trials. The interactions are the only interpretable effects in

these analyses. It was found that, for the first 10 trials, the

‘

"normals and hard-of-hearing performed about the same on the two cor-

ditions while the deaf performed significaﬁtly better on the combined

conditipn than on the auditory dimension only. On the last five
trials, the hard-of-hearing group became more like the deaf; both
of them performing about the same on the two conditions while the
normals performed significantly better on Al-Al than on the other
condition.

"8ince no data were obtained from the deaf on Condition A3-A3,
an analysis similar to the previous one was not possible for that
condition-ani its'companion, A3V1-A3. Table 6.4 presents the sum- .
maries of the analyses of variance for these twc conditions for the
normal and hayd-of—hearing groups and indicates that the performance
of the two gfoupé on the first 10 trials is the only significant
soﬁrce qf'variance, witﬁ normals scoring higher. Table 6.5 preseﬁts

the‘reéulfs of the analysis of the three groups of subjects on the

single condition, AV -4, and shows that the three groups differ

significantly on the first 10 trials and on the last five trials,
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Table 6.4. Summaries ¢f the analyses of variance for Conditions
A V’l-A3 and A_-A, for normal and hard-of-hearing categories for
t2iX1571-10 afd frials 11-15.

Trials Scurce’ af MS F
1i-10 Hesring Level (HL) 1 3587.27 18.16**
Conditions (C) "1 296.42 1.50
EL x C 1 .69 .00
Within 9€ 197.58
11-15 Hearing Level (HL) 1 1058,00 1.75
Conditions (C) 1 92,66 1.53%
T HL x C 1 5.76 .10
Within 96 60.55
** p < .01,

with normals and deaf performing alike and better than the hard-of-
hearing on tke first 10 trials. For the last five trials, however,
where only the auditory material is presented, the normals were bet-
ter tham the hard-of-hearing and both were much better than the deaf.
Table 6.5. Summaries of the analyses of variance for the three

hearing categories on trials 1-10 and trials 11-15 of Condition
A_V. -A

31 73°
5 Trials  Source ar  ~  Ms T
5 1-10 Hearing Level (HL) 2 957,92 5,84**
4 . ‘Within 62 164,10
: Total o ‘ 64 ,
11-15 Hearing Level (HL) 2 - 3224.60 85,19**
Within 62 37,85
Total 6 -

ol
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The results of these thfee analyses suggest that the deaf at-

tend to the visual material whenever it is available while both the
normals and the hard-of-hearlng tend to seek the more meaningful ma-
terial. In the case of nonmeaningful material in both modalities, as
in the first 10 trials of Alvl Al, the scores of fhe two groups with
hearing (N and H) are depressed suggesting difficulty in selectlng
a modallty to which they can eff1c1ent1y attend. In the case where
one modellty is highly meaningful, as in Condition A3vl-A3’ the two
groups with hearing differ as a function of the difference irn their |
abiiities to detect and discriminate auditory stimuli. The normals
" are better than the hard-of-hearing at these tasks and, consequently,
perform better on the first 10 trials of this condition by attending
solely to the meaningful auditory material. The hard~-of-hearing ap~
parently aeed more trials to echieve the same degree of proficiency
with the auditory material as iﬁplied by the fact that they ave still
7 learning in the last five trials while the normals have little room
left>for improvement.
This latter point is illustrated by the relative performance of
the two groups on the two entirely auditorj coﬁditions. Table 6.6
presents the results of the.anéiysis of variance of the performance
of the hbrma; and hard~of-hea;ing groﬁps on all 15 trials of’Condi-'
'tlons A —A and A3-A3 _Ae shewn there, both hearing 1evels'and con-
ditions were 81gn1f1cant sources of variance and the interaction was
not significant. The normals performed better than the hard—of~

hearing subjects on both auditory conditions and both groups performed

better on the meanzngfxl auditory words than on the nonmeanii ful
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Table 6.6. Summary of the amalysis of variance for normal and hard-
of-hearing categories on all 15 trials of Conditions A1-A1 and AB-A3°

Source ' af . MS F
Hearing Level (HL) 1 313%6.34 7.10**
Conditions (C) 1 2855,65 6.46%" -
HL x C 1 1220.64 2.76
Within 92 L4 ,87

** p < .01,

sounds. A simple analysis was performed for Condition Al-Al fcr all
three hearing categories, which showed that the differences amoag
groups were not a significant source of variance (F = 2.45; df = 2,
65). This latter finding suggests that the diffefenceé in hearing
acuity are not re;evant when the material is both nonmeaningful and
highly discriminabie; i.€4, csveripg a wide range'of frequenbieé and
using different temporal sequences..

Additional evidence is provided concerning fﬁq modality to which
the hard-of-hearing attend By'examining the resulté.of the three
groups on the condition where auditory words are combined with visual
symbols (Aﬁvl'A3)° On trials 1-10, the normals and deaf both per-
formed better than ‘the hard-of-hearing implying that: the normals
learn auditorily and the deaf'visualiy with about the. same dégree of
efficiency. . The depressed performance éf the ha;&-oi-héaring group
on this task would suggest that they may vacillate between the two
modalities rather than settling down to learn the material via one

modality. The confusion as to the more meaningful modality results,




8k

in all probability, frcm,the decreased efficiency of the auditory
channel in these subjects as compared with normals.

Examination of th? performance on the trials before and after
the removal of the visual stimuli ir the two combined conditioms
provides more information concerning the modality attended to in the
first 10 trials. If there is a temporary decrease in performance
from trial 10 to trial 1i, this might be considered evidence for the
visual stimuli receiving the chief attention in the preceding trials.
Learning curves for the three hearing groups on the four conditions
are presented in Figures 6.3 through 6.6 (pp. 85-86). The two audi-

tory control conditions are preggntad~t:<§now w that the shift in per-
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formance is not found when there is no change in the task. As illus-
trated in the figures for the two combined conditions (Figures 6.3
and 6.4, p. 85), all three hearing categories exhibit some inter-
ference with performance when the visu»l modaiity is withdrawn in
Condition Alvl Al However, only the two groups with hearing losses
(B and D) show a decrease in performance from trial 10 to trial 11
in Condition A3V1-A3. The hard-of-hearing group shows only a very
slight interruption in the learning curve for this cordition.
Correlated t *ests were used to evaluate the significance of
_these differences. As shown in Table 6.7, all differences were sig-
nificant exéepf for the hard-of-hearing on A3vl~A3.’ Interestingly,
for this same condition, the normels showed a significant increase
in performance ;hen the visual modality was withdrawn. This inhibki-

tory effect with bimodal presentations has been noted before by

Graunke (1959) and Gaeth (1963), as discussed by the latter. The

T S A 9, ereteene a8 awyp et T

J e s e LI

P TR S ..




el A

T T T T T T T =~y I N T ST, Ry T,

FiMipre

RO R M VG v i P P e T b it o e b S S T P e i G e | s e e

™9
- IOQQI. . ‘m\!m
L od u .”h.”
5
e R _w.m
AE
L] ® .L.W
+4 B 2 W
« ” w0 mca
“ ® e //,o,
T s F ¥
= N m 7} o N /..N
[ .
] “ B
b . 5
¥4 5
= o “ “ W
= = ' g&
nk
1 x E
o .
Bl < < T
PN ) [) -
(] -4 NN
. m > v.’ PO
T~ < - A
") s S
o S 2
3 3 o
o= \D u “ £
a ] b
e 3 to
L AN e % 3
\
S S O%
" o o
T > > [
3 3 )
3 Py
Q o o
g D Wo n‘ U:_
g m 8
RGN\
- < (B
e O 'w k . M.Waw,
Po
+~ ¥ ¥ N
» - » Y
L] w 4
- it by
[ WY [ 2 [ 2 [ fa, 2 2 2 [ 2 [ [ |
: 5 : ¢ c y o ° o P o o
00 Oo Oo 00 Oo O- rY s » . . e N
O, n < L) N - b w * " N oL -

SISNOISTY LOFUYOD NVIH SISNOASIY LOTIIOD NVSH

S ]
: LR
N U T EE KA e T A N SO IREAL 2 M ey iy b1 N
W N : N Ay R ok A ,.Jrﬁy P a/ LURLIN S
R U IPNTETARN R MR my )




"3 R | ’ 86

'.:- N 6.0 “

¥

5'0 1

MEA CORRECT RESPONSES

2'0 -

1.0F%

1 2 3 5 5 6 '7 8 ] 10 i1
TEST TRIALS '

- Fig. 6.5 Learning curves for Condition ‘1"1 by hearing categorye.

e 6.0+
5.0 -
a
o)
" é 4.0 T
&
2]
I ‘ §
'h? O 3,07

S ‘ 2.0F

12 13 W 15

ol

i 1'0 L o
Iy 'y £ 2 'R ] % 2 2 [ Iy IG W [l N 4 L)
L ) | S f J L ] 1 ¥ (]  J L I A Ak | 2 RS L} 4
1 3 4 5 6 7 8 9 10 11 1122 13 s 15 1
4
TEST TRIALE '
b Yig. 6.6 lLearaing ourves for Condition 45-A3 by hearing category. i
7% s ° .
v v A %;.
piaie e S g, Ry T T R T T TR T I Ty, T A 2 - L




X K
an Lot PN R .o g
1 t* LN L - . .
A A AT [ . -
!n‘gmm.,m'«‘t.\lg POV SRPPN ST P T o <4
v
1

ol i N

£
p
2

‘87

-~

Table 6.7. Mean scores at the transition from combined to auditory
presentation for the three hearing categories.

S R A R T e s i

Conditions Groups Mean Scoée - ib z
T 10 T 11
A1V1»Al N 3%.87 2.57 " <=1,50 b,17%*
H %.83 2.88 - 95 2.58*
D 5.81 2.06 -3.75 8.15**
A3V1-A3 N L,90 5.45 + <55 3.,67%%
H 3.94 3033 - 061 1.60
D 4.75 050 "11.’025 7‘09’*
** p < .01,
* p < .05.

results of the t tests lend further support to the hypothesis that
only one modality is attemded to in a bimodal presentation with the
deaf selecting the §isua1 ﬁodality and the normals fhe'more meaning-
ful material. The hard-of-hearing seem to represent a transition

between these two extremes. However, some suggestion of attention

to the non-preferred modality is indicated by the inhibition effect
noted in normals and by the superior performance of the deaf in the
condition where the visual symbols are accompanied by sounds rather

k-]

than words. >

D. Suﬁmary and éonclusiong

The perf&rmance of groups of children wiéh normal hearing,
mii& to moderate heafing losses, énd severe losses (deéf) were con-
péred on foﬁr e#perimental conditions. The procedure allowed infer-

ences to be made concerning the modality used in learning the task.
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of particular interest was the performance of those suﬁjects classi-
fied as hafé-of-hearing, le€ay wit@ mild to hoderate 1osses,_in rela-
fionnto éhe other itwo classes of hearing ability.

The results indicate that the hard-of-hearing subjects perform
more like those with normal hearing than like deaf‘subjects. Differ-~
ences which were. obtained betweeé normals and. those with moderate
hearing losses are explainable in terms of the decreased-efficiency
6f the hearing ability of the hard-of-hearing group. However, there
iz no evidence to suggest that this group fails to use the auditory
modality whenever possible,

The evidence presented here indicates that the hard-of-hearing
group selects the medality containing the more meaningfulamaterial
as does the group with normal hearing. However, meaningfulﬁess is
modified by the audiumetric characteristics of this groﬁp. Familiar
wordé'prgsénted auditorily are highly meaniagful to subjécts with
normal hearing. To subjects with some hearing loss, these same
words become less meaningful because of reduced discriminability.

In a purely auditory presentation, the hard-of-hearing subjects take
longer to achieve the same level of performance'éith such materials

as do normals. In a bimodal presentation, the performance of the

 hard-cf~-hearing subjects suggests confusion or indecision’'es to

which modality is more meaningful. This aspect of their behavior

may be a function of the audifory training which théy receivs, It

‘may be that the herd-of-hearing child without training would perform

like a deaf child; i.e., would prefer the visual modality exclusive-

1y for the acquisition of material. However, training may modify the
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. ties before selecting one as more medningful, as does a child with

normal hearing. If these assumptions are valid, training is a neces-
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. .pary comiponent in the edication of thé hard-of -hearing child in
§raer to provide him with fhe flexibility which the normal child has

~N ,
in bimodal- learning situations. e -




‘ RESULTS PERTAINING TO ASSOCIATION VALUES

Three-letter trigrams (CVC ard CCC) have been used regularly in

stuiies of verbal learaning. The early work cof Glaze (1928) provided

- association values for many of the CVC trigrams. Recently, Archer

(1960).reported scores for ail possible CVC trigrams. Witmer (1935)
gave meéningfulness values on many CCC trigrams. These investiga-
térs, as weli as 6thers,.(e.g., Huii, 193%3; Krueger,1193ig Noble,
1961), used subjects drawn from a college population to establish
the association values. Since the majority of research studies em-
ploying trigrams as learning material have also sampled the ceollege
population, the use of these norms is probably valid.

Until very recently, there has been little information to guide
the use of nonsense syllables with children. Since gathering the

data reported here, we have encountered two relevant studies.

Palermo, Flamer, and Jenkins {1964) evaluated association values for

children and adults by inference frsm performances on a common learn-
ing task. They concluded that adult values can be.used successfully
with children. However, the wvalidity of these conclusions depends
upon the two gssumptions that were made: (1),Association values for
children and adults are similar, and (2) the relationship between
association values and paired-ass?ciate learning would &also hold for
children. Even granting the validity of ;he assumptions, a more

direct attack upor association values. for children seemed indicated.

Shapiro (1964) used a “restricted production method" to obtain
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meaniirgfulness values for grade-school c¢hildren and concluded that

the rank order of CVC . trigrams is stable across grades. ' However,

the obtained values correlated only .52 to .66 with Noble's values,
This would suggest that the meaningfulness of trigrams varies con-
siderably from children to adults. If association values as meas-

ured by Archer and meééingfulness values as determined by Noble con-

verge upon the same concept, Shapiro's findings cast doubt upon the
assumption made by Palermo et al., that association values for

children and adults are highly similar,

The present study grew out of Part I, which examined paired-

associate learniag in children as a fuaction of modality of presen-

tation, verbalness, and meaningfulness of material. The results
were such that the ascaling of materials with children was indicated

before valid conclusions could be drawn.
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Experiment VIl

Association Values for Selected Trigrams with Children

s o B pr——aTn et st V- Mk g e

ABSTRACT., Association values, in terms of percentage of
subjects who responded "Yes" to cach trigram, were obtained
using samples of CVC and CCC trigrams. The subjects were
children in grades 4-6 and from a residential school for
the deaf. Five independent experiments werc reported in
which differert aspects of the general problem were inves-
tigated., Correlations of from .85 to .87 were obtained
between the values from children and the corresponding
values from Archer for the CVC material. A relatioa of

.88 ‘was found between Witmer's values and those obtained
here for the CCC items. Group and individual reliability
estimates were alss obtained; test-retest reliability for
the group values was .99. More than 76% of the individuals
were consistent in their responses to each trigram from
test to retest. The association values for the deaf chil- |
dren correlated .90 with those for hearing children in
grades 4 and 5.

- s

—

The data suggest that association values cannot be inter-
preted in any absolute sense with children since the values
were influenced by the pool of items to be evaluated. How-
ever, they are gocd indicators of the relative degree of
meaningfulness.

m e v ememem g v S——

A. Introduction ' ;

Association values were obtained under several conditions as
the by-product of attempts to study and standardizée trigrams for use
in experiments with children. The data are presented in sections‘in
keeping with the format in which they were gathered. 4s far as is
known, there is no report in the literature in which associatiocm
values have been gathéred with deaﬁ children nor in which both CVC

and CCC trigrams were presented in a single list.
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B. General Methodé

Eyen theugh several kinds of lists were utilizgd, the same gen-
eraliprocedures were used throughout the study, The items were ran-

domized and arranged in two columns per page. Each trigram was

typed in capital letters and followed by "Yes No ¥ for the sub-
ject to use in responding to.the iﬁem. Samples of the forms used to
coliect-the data appear in Appeﬁdix C.

The chiléren participated in the study on a group basis. Eack
group was simply a regular classroom of children. Three monitors
were present at the time the task was administered.

The same directions were given orally to the children for all
conditions throughout the study. A copy of the directions will be
found in Appendix B. Basically, the instfuctions followed those
used by Archer (1960, p. 2). The questions "Is it a word?", "Does
it éeem like a wof@?", "Does it remind'me of a wsrd?", and "Can I use
it in a sentence?" were used. His suggestion that the subjects pro-
nounce the trigram tc themselves and the question "Does it sound
like a word?" weré not used. This instruction was nét appropriate
for CCC trigrams nor was it considered valid for deaf children.
However, Qith hearing subjects tﬁe'modification probably did not
&rastically alter the set to yespond-since many subjects reported

using pronunciation as one criterion when queried after completion

of .the task. <In addition, the following directions were given:

"Don't think to yourself that these are.all letters and words are

made: up -of ietteré, so I'll énswef them all 'Yes', or none of these

are actually words so L1'll answer them all 'No’. Thie isn't what we
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want. Just look at each set of letters separately and try to decide
if it seéms like a word." |

No time limit was imposed upon the subjects., However, they
were encouraged to complete the task quickly and not to ponder over
the items. The data on the children with normal hearing were
gathered bf the same research staff who were administering the
paire§~associate learning tasks. The daté on_the deaf children were

gathered by the psychologist at the schocol.

C. Experiment 1

1. Iatroduction. The initial experiment had the three-fold

purpose of (a) obtaining association values from fourta- and fifth-
grade subjects on the CVC trigrams for which learning data were
available, (b) estimating the reliability of these association val-
ues, and (c) getting association values on the same material from

deaf subjects,

2. Materials and Subjects. Six CVCs (KEZ, WUB, WOJ, DAQ, ZEG,

and JID) had been selected originally for paired-associate learning

in Part I on the basis of Glaze's values, representing s.umpling

from only two levels (O and 7%). When Archer's values were publisheqd,

the scores were quite different (13, 21, 25, 29, 35, and 38%). These

six items became the nucleus of a 50-item list of CVC trigrams (CVC-
50), The remaining 44 items were sampled from Archer's list with
the restriction that one trigram come from consecutive pairs of
levels so that the finished list would contain one CVC at the 1-2%

level, another at the 3-4%, et cetera. The sampling procedure con-
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sisted of firsi selecting by chance the odd or even value for each

step and then selecting an item from that value "at random'"; items
that Archer reported as not reliable or showing a difference by sex
were avoided.

The 50 trigrams were arranged in three different orders and
duplicated for pgeseptation. Copies are included in Appendix C.

The three orders were then alternated so that every third child

used the first order, et cetera.

A total of 478 children were used in the experiment. Of this
number, 361 were in grades 4 and 5 in the Detroit Public Schools,
and 117 were in grade 6 or abeve in a residential school for the
deaf, There is no good way to equate deaf and normal children for
a verbal task; however, previous experience suggested that the
reading levels of the two groups would be approximately equal.

A sample of 118 of the 361 normal children were used for an

estimate of the reliability of the results. Three days after the

: ’ original presentation of the task, the subjects were given the lists
E again with identical instructions. Neither the teachers nor the

{ children were forewarned that the task would be repeated.

ﬁ 3o Results and Discussion. The 50 CVC trigrams used are
shown in Table 7.1 in ascending ocrder according to Archer's scale,
é not in any of the three presentation orders. The association values

i in the first column represent the percentage cf Archer's subjects

who responded with "Yes" to the item. The adjacent columns in

Table 7.1 contain the corresponding percentages obtained from the

grade 4-5 sample, from the reliability sample, and from the deaf
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Table 7.1. Association values for List CVC-50. ;
* !
- \
Reliability )
/
CVC Archer Gr. 4-5 I II Deaf :
XYH 1 5 2 3 1 }
Q0J 4 8 12 8 8 :
XEG 5 i3 iy 13 18 :
NYJ 7 12 10 9 20 |
QAZ 10 26 23 28 32 f
XIM 11 17 14 14 3G
woJ 13 20 15 18 23
K3i" 15 26 18 20 52
LYG 17 16 15 15 19
PYM 20 36 35 35 ki
WUB 21 53 52 61 46
BEJ 2k 27 2k 26 50
ZEG 25 Lo 37 40 40
VY3 27 16 14 12 11
KEZ 29 21 20 20 26
TAZ 32 53 56 56 88 *
Zuo 34 48 L6 48 55 ,
JdID 35 54 43 55 51
DAQ 38 20 15 18 26
NEZ 39 31 25 31 57
FIP k2 78 77 81 8k |
QAM Ly 30 27 31 32
YAT 46 58 52 62 57
HEJ L8 32 25 31 34
BYG [T 30 28 30 28
KUL 52 31 26 32 60
CYL 53 26 26 27 iy
TUS 55 64 62 720 77
DYL 58 23 22 20 32 ‘
FYT 60 30 28 28 14 i
GAN 61 75 69 75 87 !
KYT 64 31 29 2k 20 :
LUN 66 56 sk 65 91 !
HUK . 67 89 72 66 L3 L
SAF 69 70 57 70 95 ,
LAV 72 59 54 56 81 ’
PAG v 83 78 80 96 ;
BIF 76 + 52 55 61 f
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Table 7.1. (cont.)
Reliability
cve Archer Gr. 4-5 T II Deaf
MOV 78 79 75 78 97
TER 79 74 66 , 73 89
COF 81 76 71 76 86
WAM 33 78 77 77 64
REB 86 80 80 83 90
HIK 88 69 65 62 85
HEX 90 56 52 Sk 50
DOR 32 83 77 84 89
 PIL 93 81 72 76 95
NAB 96 79 79 77 82
YUM 97 86 83 85 78
RUN 99 59 99 99 100
X 5C.5 bo,6 by, 2 7.1 55.2
SD 29.2 25.8 25.4 26.5 28.7
N 216 361 118 117

sample. The relationships among the several samples were evaluated
by both rank-order and product-moment correlations. In no case did
the two estimates differ by more than .02; therefore, onl& product-
moment correlations are reported,

The initial concern was with the correlation betﬁeen the values
reported by Avcher and those obtained from grades 4 and 5. This re-
lationship was quite high (r = .83) suggesting a good deal of pre-
dictability of association values for children given adult norms.
The mean of the association values as selected from Archer was 50.5;3
the mean from the 361 children, 47.6. Scanning the data down the

columns indicates that %Zhe children did not rate the low items as

low nor the high items as high as the college students did.

wigd

A Y P Y
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The statistical estimate of the reliability of the scores ob-

tained from the sample of 118 was very high, the correlation between

Sessior I and Session II being .99. The stability of the scores was

Y Y ST DL

also examined by tallying the responses by item by subject for %he

two sessions. Exemined in this way, a subject can be either consis-

tent in his respounse to a CVC for the two sessions, i.e., answer
"Yes" both times or "No" both times, or his response can be changed
over time, either from "No" to "Yes' o1 the reverse. For each CVC
the percentage of subjects who changed responses, from "No" to "Yes"
or "Yes" to "Ho!", froix cne session to the other, was calculated.
! The mean percentage who c¢hanged responses, and the standard de-
viation, gives an index of the reliability of individual responses to
CVCs. 4&n average of only 23.5% of the subjects (standard deviation =
L,4%) showed such changes per item. Conversely, one might say that
76.5% of t£e subjects, on the average, were consistent in their res-
ponse to a particular CVC in a test-retest situation. There was al- (
most no uncertainty concerning the terminal items (XYH and RUN);
oaly 3% of the subjecté changed their response to XYH and only 2% were
"uncertain' about RUN.

The data for the deaf sample were first divided into two parts,
grades 6-9/2N = 50) and grades 10-12 (N = 67), and examined separate-

ly. Bowever, the product-moment correlation between the two groups

wag .?6, and therefore the data were ccmbined into a single set,
When the association values for the deaf were correlated with those
for grades 4 and 5 and with Archer's values, coefficients of .90 and

72, respectively, wers obtained. The degree of similarity between
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the deaf and normal children in evaluating the trigrams is apparent,
but it would seem that the two groups of children have some common- £
ality of difference from the college groups.

TPable 7.1 shows a total mean of 55.2 for the deaf as contrasted 2
with a mean of 47.6 for the normal group (z = 1l.41). The deaf sub-

jects tended to respond n"yes" tc the CVCs more frequently than did

hearing subjects although not siganificantly so. However, the high
correlation between the two sets of values indicates that the differ-
ence is a relatively constant one. If the trend in means is reli-
able with additional sampling, two possibilities are indicated. It

may be that the constant order of the responses "Yes No " in-

fluenced the deaf group more than it did the normal group, or there
may be a "true" difference in the groups in that printed material
may seem intrinsically more meaningful to deaf subjects, while hear-
ing subjects may be influenced by pronunciation as well as by

appearance.

D. Experiment 2

1. Introduction. While the data for Experiment 1 were being

collected, 2nother paired-associate learning study was being de-

signed for use with children (see Experiment II of this report). A
new set of CVC items was needed to meet the requirements of the stu-

dy. These had association values of 14, 17, 22, 25, 27, and 28%

PP S e

according to Archer. &Since none of the new items had appeared on

<

the CVC-50 list, another list of trigrams was generated to expand

the pool of items upon which data from children would be availzble. 4
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2.” Materials and Subjects. The six items selected for the

paired-associate study (SI1J, GEC, VAF, KEB, YUD, ard ZOT) plus two
alternate items (FEP and VOB) formed the core of this new sample;
Starting with the £VC-50 list from Experiment 1, a frigram was ran-
domly selected from 2ach of the scale values not repreéented so
that a finel list of ibﬁ trigrams would be cbiained {CVL~-100), esach
from a diffevent asscoiation value. Becauze The items selected for

the leérning tagk insluded two 2%t 14% ané itwe at 17%, the finsl
list did no% include items of 15 or 1i8%. Forty-five of the trigrams
appeared on both C¥C-50 and CVC-10C. Two randexm orders of the 100
items were prepared. Copies are included in Appendix [+

The CVC-100 list was presented to 763 subjects in grades 4-6
of the Detroit Public Schools,

3, Results and Discussion. The association values obtzained

for these items sre presented in Table 7.2 along with Archrr's

values,

Table 7.2. Association values for List CVC-100.

e ot

cve Archer Gr. 4=0 Cvs Archer Gr. L4-6
XYH 1 & SU7 51 73
XiJd 2 8 KoL 52 gl
XYv 3 Y3 ¢YL 53 29
60J % 10 KOS sk idy
XEG 5 7 198 55 6it
QYH £ 9 PEB 56 &4
NYJ 7 13 TYC 57 17
VI 8 Q9 DY, =8 24
XEC 9 6 LIk 59 39
QAZ 10 a2 e &0 28

LR .

DAL 18
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Table 7.2. {cont.) >
cve Archsy Gr. 4-6 Ccve Archer Gr. b-6
XIM 11 16 ‘ GAN 61 77
Yy 12 17 , TUR 62 51,
Woda 13 . 17 WOL 63 65
FEP 14 : Ll KYT 64 25
81J ik 19 . ' 1.0D 65 72
101 16 12 LON 66 58
BIY 17 20 ‘ HUK £7 54
GEC 17 2k ' PES 68 72
V0B 19 U SAF €9 £6
PYH 20 23 1OF 20 7l
WoB 21 42 , CER il 68
TAF 22 23 LAV 22 n
gIM 23 25 GYN 73 75
QAP 2k 25 PAG 74 77
KEB 25 39 OB 75 57
VIR 26 3l BIF 76 TS
K &)Y 27 %26 KUs Vi 60
0% 28 kg MOV . .78 78
KEZ 29 35 TER 79 72
Kit 20 €0 NEY 8¢ 5%
HYN 31 ks COF 81 20
TAZ 32 55 GON 3z ?9
WK 33 19 WAM 83 80
yATE 34 i3 PEK g 7
JID 35 53 TAL 85 27
GU% 36 51 REB 86 7h
BYZ 37 18 ROS 87 87
DAQ 28 17 EIK 8¢ 53
WEZ 39 31 MUF &g 78
PEX 40 43 HEX 30 %5
HEM k1 L2 BOM g1, 78
¥IP 4z 72 DOR 52 81
BYB L3 28 . FIL 93 8L
gAY Lt 26 REP ol 66
%0 45 39 JAZ 95 83
YAT 46 51 NAB 26 82
1¥X by i6 YUM g7 81
EEJ it 20 NAY 98 &2
BYG by 38 RUN 99 a7
JI8 50 &2 MEN 100 95
Totsl X 50.5 46,9
SD  29.0 25.3

N 216 763

WRIAA 5 20 20
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The product-moment porrelation between Archer's values and the
grade 4.6 values was .84. For the 45 items in common between CVC-50
and CVG-100, the correlation was .97. _Experiment 2 used a larger
number of trigrams, & larger sample of children, and three grades
instead of two. Thus, in two independent samples, good relationrship

was found between Archer's values and those from children.

B. Experimenﬁ 3

1. Introduction. Oné of the purposes of the associated re-
search was to compare normal and deaf subjec£s on paired-associate
tasks., Since many of the deaf subjects were expected to have very
poor speech, the pronounceableness of CVC trigrams might be expected
to work to the advantage of the normal children. A paired-associate
study was designed in which the items were either promounceable tri-
grams (CVC) or unpronounceéble trigrams (CCC). Imn an efforf to conm-
pare the meaningfulness of the two lists, it was decided to collect
association values for the two kinds of material from the same sub-
jects and under the same conditions.

2. Materials and Subjects. The six CVCs used as the nucleus

_of CVC-100 (Experiment 2) were also used in the development of the
prouounceable items selected for this study. Six CCC trigrams were
taken from Witmer's list in a way which minimized duplication of let-
ters and with the restriction that the mean value for the six items
be equal to the mean value for the gix CVCs used, based on Archer's
data. The final items selected were DWB, TCJ, NQS, PZK, RGW, ard

8JQ with Witmer's values of 17, 21, 21, 25, 25, end 25%, respective-

\
A
¢
;

4.

* by
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ly. These formed the nucleus for the CCC 1list.

Nineteen more items were selected_from'h’itmer's'data° Six CCCs
witk high values (two ecach at 92, 96, and 100%) were ircluded. "It
was thought that three of these placed at the begiuning of the list
would "reassure" the:children that CCCs can be meaningful. The re~
maining 13 CCCs were sampled from fairly equal intervals across the
unused values. Then the.companiqn CVC list was compiled selecting

from the trigrams alfeady drawn from Archer those which matched the

selec@ed CCCs in association value, being certain to include the
vas selected for the paired-associate study. Since the CCC list had
two items of 21% value, three of 25%, and two each of 92, 96, and
100%, an exact matching was not carried.out. Rather than drawing
more CVCs from Arche», it was decided to use those for which chil-
dren's -values were available and, therefore, the lisis were matched
as well as vossible ﬁnder the circumstances.

Two different random orders of the 25-CCC and of the 25-CVC
items were prepared. The items were listed for evaluation by the
subjects in three different ways. Initially, homogeneous columns
were used to minimize contrast effects. Four different answer
sheets were prepared to accomodate the two orders aud to allow the
CccC and the CVC lists to appear equally often as the first and second
columns.

Later, additional data were collected to evaluate the contrast

effects themselves. The two sets of trigrams were intermingled in
the columns either alternately or randomly. One order was used for

.each manner of listing. Copies of all CCC-CVC answer sheets are

4
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included in Aﬁpendix C.
Altogether 612 children in grades 4-6 of the Detroit Public
Schcols'ﬁarticipated in this portidn of the study: 229 réceived the
iu; homogeneous; lists (H), 190‘the alternate lists (A), and 193 the
, random iisté-(R). |

3, Results and Discussion. The aséociation values obtained

f“ . from the chiidren along with the adult Qalues for the same items are
shown in Tsble 7.3, The £hree forﬁs of presentation aré indicatéd
by ﬁ, 4, and R for homogeneous, alternate, and random lists, res-
vectively.

The data from the homogeneous listing of items (H) were obtained
first and compared with the respective adult values. The product-
moment correlation betweem Archer's values and those obtained for
the CVCs was .87 and between Witmer's values and the CCCs was .88.

; . The high-valued CCCs tended to be evgluated much lower by the sub-
jects of this experiment than by their adult counterparts. This
might be attributed, in part, to the use of three of these items
(TWN, JMP, and DNT) at the beginniné of the CCC-H list to facilitate
the response set. However, items with equivalent values (srw, LFT,
and KNG) were distributed ranaomly’Within the list, and the values
for these three suggest that position effect is not the entire
explanation. |

There appeared to be evidence in the H lists that the subjects
; : evaluate each column according to its own criteria since the associ-
ation values varied from 5-98% for CVCs and from 8-85% for CCCs. The

effect of the tramnsition from one type of material to the other was
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. Table 7.3. Association values for three forms of List CCC-CVC.

-

Grades 4-6 . _Grades 4-6

CVC - Archer H A R ’ CCC Witmer H A R

Q0 4 5 9 10 ' GQeC - L 8 6 13
1EG. 5 8 i7 24 KBF 13 11 9 9
S1J 14 18 29 33 DWB 17 13 20 12
GEC 17 26 23 22 . TCJ 21 10 8 6
VAR 22 22 3 - 36 NQS 21 10 8 30
KEB 25 31 45 52 PZK 25 10 13 8
.YUD 27 38 33 ) RGW 25 21 18 11
‘ZOT 28 40 L8 53 - 83Q 25 10 1k 8
- WYK 33 15 23 25 BMG 33 24 2k 11
DAQ 38 10 26 22 HNW 38 15 10 11
FIP ) 77 75 74 CFN k2 10 1k 20
QIC 45 35 TS 63 PTIL, 45 30 26 15
Jis 50 34 40 6l BLP 50 34 25 3%
KOS 54 36 31 54 WRZ 54 13 18 18
DYL 58 28 23 38 THZ 58 33 19 30
WOL 63 78 7% 81 BPR 63 3% 24 22
HUK 67 6 66 63 ZNG 67 %6 34 38
CER 71 63 79 . 76 FNK val 60 65 60
DOB 75 58 60 69 NCK 75 65 59 52
WAM 83 70 63 83 KNG 92 78 71 56
REB 86 80 64 82 JMP 92 54 61 sh
MUF 89 57 86 86 LFT 96 85 79 71
DOR 92 86 89 91 TWN 96 68 58 68
NAB 96 78 76 82 SIW 100 5k 25 28
MEN 100 98 100 = 99 DNT 100 Ly 35 is
X 51.4 L46.7 50.5 57.3 X 52.9 33,0 30.1 28.8
SD 29.8 27.9 25.4 25.0 SD  3%0.8 24.0 22,1 21l.1

N 216 229 190 193 N 25 229 190 193

only apparent on the association value of the initial item of the

second column and more particularly when the second columr comprised

CVC trigrams. By chance, WOL was the initial CVC trigram in both
orders. When the CVC column was to the left and WOL was the first

item they were to evaluate, 68% of the subjects marked it "Yes".
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Hrowever, when the CVC column was to the right and WOL became the

first CVC to be judged following 25 CCCs, its association value rose

to 88%.

Examining the CVCs which appeared in the second position,

there was no difference in association values according to whether
the CVC column was'judged first or second. Corsidering the initial
CCC items, oné (JMP) varied from 65% to 49% as the CCC column was
présented first or last. However, the other (TWN) showed greater
stability, changing from 69% when in the first column to 67% when
following the CVC column.

The indication that the values for the two kinds of trigrams
may not be related toc one another was disturbing. If the two homo-
geneous lists were evaluated independently, then there is little
basis for making comparisohs across kinds of trigrams. In order to
verify this assumption, the random and alternate listirgs of tri-
grams were administered. These values are alsc presented in Tabie
7.3, The intercorrelations among the three children's values are
very high. Between H and A the correlation is .95; between H and R,
r = .92; and betweer R and A, r = .95. On this basis, it was felt
that the scalée values for the two kinds of trigrams may be assumed
to represent points along the same continuum.

An examination of the mean association values appearing at che
bottom of Table 7.3 suggests that adult association values for CCCs
are not numerically consistent with those obtained frcm children?
The difference noted there fer Form H is statistically reliable
This difference is more likely due to

ft = 2.55; af = 48; p < .02).

the contrasi effect from being evaluzted with CVC trigrams rather

-
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than a function of the age difference between Witmer's subjects and
the grade-school children used here. If this is the correct siource
of the variance, it implies that adult values for CCC trigrams as a
whole are somewhat inflated as compared to aduit Cﬁawgggociation
values. Greater stability is obtained with the CVC trigrams since

the differences between thc mean association values from adults and

children are not significant.

F. Sxperiment &

1. Introduction. In tabulating the data from the previous ex-

periments, it was noted that subjects tended to respond "Yes!" to
about half the items. Archer reported a similar finding (1960,

p. 4). 1In order to determine whether this was a function of the
fact that the trigrams covered the entire range of associa%ion val-
ues, it was decided to administer lists comprised of only half the

range of values.

2. Matevials and Subjects. The 100 trigrams used in Experi-
ment 2 were divided into two lists on the basis of Archer's values;
one 1list (CVC-L) contained the tfigrams with association values
from 1-50% and the other (CVC-U) had the 50 items from 5}-100%.
Archer's values were used to divide the list since the data for Ex-
periment 2 had not ther been analyzed. Furthermore, the correlétidh
of .83 obtained in Experiment 1 gave confidence that the rank order
of the trigrams would be relatively constant for adults and for
children. fTwo random orders of each list were used. Copies appear

in Appendix C.

;F“

i
D

|

i

mm“’&w“‘"“ R

S

N

3 NN
o AN \\%
- LR 1)




| 108

A total of 632 subjects in grades 4-6 of the Detroit Public
Schools were used in this experiment. Tune two orders of the two lists ;
were distributed serially in each classroom so that 316 subjects

from these grades evaluated CVC-L and the other 316 received CVC-U. ?

3. Results and Discussion. Taole 7.4 presents the association

Table 7.4. Association values for Lists CVC-L and CVC-U, with
values obtained from List CVC-100 shown in parentheses.

——— " oy

N CVC-L o i
cVec * Archer L4-6 CVC Archer L4-6 i
|
|
XYH 1 12 (6) VUR - 26 iy (34) |
XIG 2 20 (8) YUD 27 50 (36) 5
. XYv 3 7 (7) ZOT 28 62 (49) 1
¥ QOJ [ 2L 10) KEZ 29 4O (35) ]
: XEG 5 19 (7) KIG 30 80 (60) }
QYH é 16 (9) HYN 31 L7 (L45) i
NYJ 7 21 (13) TAZ 32 69 (56)
TYJ 8 29 (9) WYK 33 30 (1.9)
XEC 9 14 (6) Z2UP 3L 64 (41)
QAZ 10 Iy} (22) JID 35 69 (53)
- XM 11 32 (16) CUX 36 67 (51)
o YV 12 37 (17) HYZ 37 29 (18) :
: wWod 13 o) (13) DAQ 38 35 (17) OB
; FEP 14 61 . (44) NEZ 39 52 (31) ;
i3 SIJ 14 34 (19) PEX 4o 67 (43)
: DYJ 1.6 24 (12) NEM - 41 6L (42)
. MIV 17 33 (20) FIP L2 83 (72)
. GEC 17 37 (24) SYB 43 41 (28) |
- VOB 19 61 (41) QAM Ll "9 (26) '
o PYM 20 50 (23) QIC L5 35 (39)
o WUB 21 sl (42) YAT L6 70 (51)
s | VAR 22 32 (23) LYX L7 35 (16)
- gim 2% k3 (25) gE; 48 53 (20) .
i QAP 2k b3 (25) BYG 49 59 (38) 3
- KEB 25 60 (39) JIS 50 59 (42) ~

¥ 25.5 4h.2 28.8 f
8D ik,6 18.1 16.3 I
¥ 216 316 763 s
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i Pable 7.4, (cont.) ‘i B
pl 1A
; Qa %L
‘ ? CVC-U =
3 CVC  Archer 4-6 €VC  Archer  4-6 v
- g
R . f,g
- SUF 1 60 (73) BIF 76 2k (46) 1 ]
K L KUL 52 21 (34) XUs 77 57 (60) 5
T CYL 53 15 (27) MOV 78 78 (78) j
N i K0S 5k 24 (L) TER 79 56 (72) t
o TUS 55 41 (64) NEV 80 46 (53) K
N PEB 56 48 (64) COF 81 63 (70) g
o TYC 57 12 (17) GON 82 6k (79)
. DYL 58 19 (2h) WAM 33 69 (80)
- i LiR 59 23 (39 PEK 84 63 (74)
- FYT 60 21 (28) TAL 85 71 (77)
o GAN 61 67 (77) REB &s 63 (74) :
M TUR 62 48 (51) : ROS 87 82 (87) 2
" = WOL, 63 69 (65) HIK 88 49 (53)
- - KYT 64 22 (25) MUF 89 6k (78)
& U LOD €5 50 (72) HEX 90 3k (55)
LUN 66 39 (58) HOM 91 77 (78)
) BUK €7 45 (54) DCR, 92 73 (81)
: PES 68 46 (72) PIL 93 76 (84) :
. SAF 69 66 (66) REP 9k 4y (66}
. LOF 70 64 (74) JAZ 95 75 (83)
, CER 71 55 (68) NAB 96 56 (82) :
i LAV 72 Ly (64) YUM 97 76 (81)
B GYN 73 60 (75) NAY 98 74 (82)
= PAG 74 72 (77) RUN 99 97 (97)

X 75.5 53.9 64,9
SD 14,6 2l.2 16.0
N 216 316 763

values from Archer, from the two lists, and from Experiment 2 where
the 100 trigrams vere evaluated in a single list. Again the ranking

of the items within a list remained constant; the correlation between

the scores on CVC-L, or CVC-U, with the corresponding items on CVC-

100, was .93 in both cases. However, the absolute values changed
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markedly.
The association values for CVC-L ranged trom 12-83%%, while CVC-U

values varied from 12 to 99%. The mean number of "Yes" respouses
given by the subjects receiving the CVC-L lists was compared with
those for the CVC-U lists. The CVC-L list yielded a mean of Lhk.2%
while the mean for CVC-U was 53%,9%. These means differed signifi-
cantly (z = 2.42; p < .05) indicating that the material within a
iist does have an influence.

However, there alsc appears to be an important response-set ef-
rect since the means of the "Yes" respbnses of the 1-50% and 51-100%
trigrams had been 28.8 and 64.9%, when part of a list of 100, as con-
trasted with 44.2 and 53.9%. The values obtained in Experiment 2
(CVC-100) and the values under the restrictions of CVC-L and CVC-U
are presented side by side in Table 7.4. Comparisons of the indivi-
dual scores as well as the means and standard deviations demonstrate
the effect of the list upon the responseé. Differences between the
mean values obtained by Archer and in the present study using CVC-L
and CYC-U were significant (z = 5.67 and 5.84, respectively). When
the means of the childrexn's values on the truncated lists were con-
pared with the results using CVC-100, again significant differences
were found (z = 4.53% for CVC-L aﬁd 2z = 2.75 for CVC-Uj. Of the 50
items making up CVC-L, all‘except one (QIC) are rated higher in the
1ist with the restricted range than irn the list with the full range.
Conversely, of the 50 items on cve-U, 45 are rated lower on the list
with the restricted range, three are given the same rating, and two

are rated higher, There is some spreading of the distribution as
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well as a shifting of the means. The standard deviations are both
about two units larger than the corresponding standard deviations
for the parts of the total list.

The fact that both restricted lists yielded association values
of about the same range, coupled with the finding that the proportion
of positive responses per list was reasonably close to .50 in all
cases, resulted in a further examination of these data. Regression
coefficients for the correlations between the restricted lists and
the corresponding CVC-100 items were calculated. The coefficient of
regression for CVC-L on CVC-100 was 1.03 while that for CVC-U on
CVC-100 was 1.04, The slopes of the two lines are nearly 1dentical
suggesting that the items within the subtests retained their original
order. The increases in the rangeé indicate greater separation of
the individual items, and the shift in the average values points to
a probable trend to center at the 50% level; i.e., respond "Yes" to
half of the trigrams being evaluated,

The results of this experiment strongly suggest that the cri-
terion used in evaluation of a list of trigrame represents some cen-
trél tendency of the pool of items with individual trigrams then
being compared to this standérd, consistent with Helson's adaptation-
level theory (1959). However, it must be kept in mind that this
phenomenon may also reflect the subjective probability of the dis-

tribution of dichotomous events in an ambiguous situation.

G. Experiment 5

1. 1Introduction. The CCC~CVC list used in Experiment 3 had

‘ H
s At v W iy 3 oy

|
t o

Ak

S y:’TWW‘Mﬂ &

vy Y
ryvat

RGOSR N B R B R i s e . e o

e

1P

IS

B

N
PR

ST

—

s

= AT
X




K

=~

g
)

o =zt o)

112

been generated to obtain association values for a learning study.
It was decided to attempt to assess the effect of prior exposure
upon association values.

During the learning task, each of the six trigrams (CCCs or
CVCs) were presented as response items for a total of 10 times.
Since these trigrams were of low association value, it can be as-
sumed that the subjects probably began at a very low level of famil-
iarity with the items. As the task progressed, the items should
have increased in familiarity, and the subjects might also have
"found® some association which would aid them in the performance of
the task. At any rate, it seemed reasonzble to expect the associa-
tion values for these particular items to be higher than values ob-
tained from a comparable group having no previous exposure to the
trigrams.

2. Materials and Subjects. Form H of the CCC-CVC list, as

described in Experiment 3, was vresented following the administra-
tion of a paired-associate learning task in which six of the tri-
grams were response members of the pairs.

A total of 386 subjects from grades %-6 in the Detroit Public
Schools were used. Of these, 126 subjects had a learning task in
which CCCs were responses; the remaining 260 had CVC responses. The
subjects were not forewarned about the collection of association

values following the learning task.

3. Results and Discussion. The results of the experiment are

presented in Table 7.5. The trigrams ave again presented according

+0 Witmer's or Archer's values as in Table 7.3. '"Control" refers to
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Table 7.5. Association values for experimental £ud control groups %
using List CCC-CVC. &
“3
CCC Control E¥E-CCC E-CVC CVC Control XECCE E-CYC
GQC 8 11 S Q0J E 31 6
KBF, 11 17 22 XEG & é 8 3
DWBS 13 15 20 sI52 18 11 32 %
TCJ_ 10 18 16 GEC_ 26 15 37 >
NQS_ 10 12 18 VAF_ 22 21 32 :
PZK_ 10 25 15 KEB_ 31 29 45 i
RGW. . 21 23 17 YU, 38 28 43 %
SJQ 10 15 18 ZOT ko 39 57 5
BMG 2k 26 - 26 " WYK 15 - 22 20 ;
ENW 15 15 13 DAQ 10 13 11 3
CFN 10 15 13 FIP 29 76 68 t
PTL 30 27 1 QIC 35 22 23 7
BLP 34 26 31 JIs 34 27 34 ;
WRZ 13 22. 19 KOS 26 21 27 5
THZ 33 23 20 DYL 28 20 23 5
HPR 33 17 2% WOL 78 80 75
ZNG 36 34 Lo HUK 56 ) 50
FNK 60 62 61 CER 63 L2 55
NCK 65 64 67 DOB 58 51 60
KNG 78 70 76 WAM 70 68 63
JMP S 61 56 REB 80 56 70
LFT 85 85 78 MUF 79 66 67
TWN 63 67 58 DOR 86 79 84
S1W 54 55 58 NAB 78 60 79
DNT = 41 30 35 MEN 98 ol 96 :
X 33.0  33.4 34,0 X  u6.7  hoh U466 4
[H) 2k,0 22,2 21.h4 SD 27.9 25.6 25.C 2
N 229 126 260 N 229 126 260 g
3

.
B

IESERIERETER

the values obtained in Experiment % from children in grades 4-6 using
CCC~CVC, Form H, with no prior exposure. The two experimental groups

were the subjects from this experiment.whd had the learning *ask

prior to evaluating the trigrams; E-CCC refers to the group who re~ Z
. 30
ceived the CCC trigrams and E-CVC refers to the subjects who learned %;
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CVCs during the preceding task.

The correlations between the sets of data for the CCC and for

ae e ermeasy e — g % A ¥

the CVC trigrams indicate that the three groups responded similarly

* e

té the items. For the CCC material, E-CCC and Control correlated
.96, E-CVC and Control = .98, and E-CCC and E-CVC = .97. Consider-
ing the CVC items, the values were of the same magnitude, E-CVC and

Gontrol = .96, E-CCC and Control = .96, and E-CCC and E-CVC = <9k,

-y S e g

These findings emphasize the fact that the relative positions of the
trigrams, remain constant in spite of attempts to intrcduce variation.
Comparing the values obtained for the CCC trigrams from the

three groups of subjects, it is apparent that prior exposure had }

-,

little systematic effect. The difference in the percentage of '"Yes" |
responses to the CCCs varies randomly among the three conditions !
compared. On the other hand, the valuss for the CVCs for the prior-

exposure group were greater than the Control on 10 trigrams, six of

RO

which were the specific items used in the learning task. Since the
group who learned the CCC trigrams did not show the same change in

their rating of the CVC items, it appears that prior exposure to the

specific material is the critical factor, not merely exposure to

trigrams in general.

.3 ;hi-square test of the number of subjects who responded "Yes"
in the Control group and in the relevant experimental group (Table
7.5) for each item was performed, These chi-square values, reported

in Table 7.6, show that exposure to CVCs via the learning task re-

sulted in more significant changes in the sﬁbsequent association

value of the item than does equivalent exposure using CCC trigrams. '
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Table 7.6, Chi-square values for number of "Yes" responses in
control and rclevant experimental groups. (Items used in learning
task are set off by double spacing.)

-~

CCC x° cve X~
GQC 1.22 Q0J .98
KBF 2.93 XEG .01
DWB 1 SIJ 13.,04** E>C
TCJ 4,86 E>C GEC 6.89** E>C
NQS .81 VAF 7.18** E>C
PZK 13.61** E>C KEB 11.17** E>C
_RGW .38 - YUD 1,27
s3Q . 2.59 ZOT 15.70** E>C
BMG .13 WYK 2.46
' HNW .02 : DAQ .68
CFN 2.15 FIP 4,39* C>E
PTL . QIC 8.38** C>E
BLP 1.67 JIs .05
WRZ 4,78* E>C KOS 4,51* C>E
i THZ 3.12 DYL 1.07
: HPR .29 WOL .39
ZNG .10 HUK 1.73
FNK 2L CER 3.17
NCK .02 TOB . .27
KNG 2.19 WAM 2.2h
JMP 1.42 REB 6.06* C>E
LFT - .02 MUF 6.02* C>E
TWN - ,0h DOR .18
SIW .06 NAB .26
DNT h,45* C>E MEN .38
** p < L01.
* p < .05,

There were 10 CVC trigrams in which there were changes significant

L . j [

at the. .05 level, Of these, five were responded to more positively

o
R

=

by the experimental group, and all five of these were trigrams- used

"5

,1 in the learning task. The finding that five items not previously
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seen were evaluated lower by the experimental group thaa by the
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control group suggests that the learning task had both positive and
negative effects upon the jndgments. From the results of Experiment
4, it would be expected that an increased number of "Yes'' responses
to the familiarized items should result in a decreased number of
"Yes" responses elsewhere in the list; however, it does not explain
why they were applied to certain trigrams frequently enough to reach
significance.

Examining the CCC material from Table 7.6, only four items were
reacted to differently by the experimental and control groups as
measﬁred‘by the chi-square test of significance. Three of these
trigréms.were rated positively by mcre of the experimental group
than the control, and two of these three were items from the learn-
ing task. |

The differential effect of prior experience with the two kinds
of trigrams parallels the difference in performance ou the learning
task, the group learning the CCC items being significantly poorer
than the group using CVCs. Perhaps if the two groups had been
equated as to performgpce rather than for number of exposures, the

association values for the two kinds of trigrams may have been

affected similarly.

H., Summary and Conclusions

The series of experiments described here indicate that both
normal and hearing-handicapped children produce reliable results

when asked to judge trigrams as "meaningful". Furthermore, the high

correlations obtained between the values for children and for adulis
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suggest that the two groups are using the same or similar criteria

in performing the task. The fact that children and adults agree on

& the relative meaningfulness of trigrams may be a function of language

itself. The language experience of children differs from that of

)
ALY, o LT

adults in degree but not in kind. Palermo et al., (1964) make such

o< dachih

S w
PRARE ISP 11

a suggestion and postulate that association values indicate the

o

Y T Ao

fo

degree of departure of the trigram from the parent language.
However, the evidence gathered suggests that the proportion of
subjects who respend positively to a trigram is also a function of
the poél of such trigrams being evaluated. This was particularly
apparent in Exﬁeriment L where the two restricted lists were evalu-

ated very similarly. The argument that this result is an artifact

of the experimental procedure whereby the trigrams were available

to the subjects simmltaneously seems to be refuted by Archer's re-

port that successive presentations of the trigrams produced 2 similar
effect. A more tenable explanation may be that the required dicho-
tomous evaluation leads the subjects'to the hypothesis that the

items shonuld be evenly distributed between the two categories.

One of the important findings of the study was the relatively

high”défféiétion from condition to ccndition among the children
utilized. This, of course, attests to the consistency with which

the items were put in a giver rank order rather than the absolute

w. N PR I:
!
3 m-&eﬂmﬁms&?&&‘) L=t

if ~values derived from the number of children who responded 'Yes" or
S .
! % "No", Six CVC trigrams, originally selected for a learning experi-

18
% ment, appeared on five different lists and were thereby presented
E to five independent samples of children (total N = 1694) in the
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.fourth to 51x*h grades. Table 7e 7 Eresents Archer'* valueb 1or the I

_\ _ R : ’ o i
s8ix trlgram dnd the..five separate value obtalned in ihe present ex~ . 'gg

< . ~ | E: ‘
pevlment alonw W1th the rank order assocxated WI+h each of the DlX %%

separate rating ccales. The average of the association valaes from

SRR

the chlldren varied ;rom a low of ?6 1% to a hlgh of L45. 8%, all of

~

Ve

. ~

iTable 7.7. Ratings on six trigrams which appéared on five separate

R

lists.,. .
ists g
%
. _ , g
Archer CVC-100 CCC-CVC = CVC-IL "E-CYC E-CCC é
CvC %R % R % R % R % R % R &
. _ . | g .
SId 1% 2 19 1 18 1 34- 2 32 1.5 11 1 E
GEC .17 2 2Lk 3 26 3 37 3 37 3 19 2 § !
VAF 22 3 23 2 22 2 32 1 32 1.5 21 3 ?
KEB 26 &4 39 5 31 4 60 5 4bs 5 29 5 g ‘
YUD 27 5 36 4 38 5 50 & 43 L 28 & £
ZOT 28 6 b9 6 4o 6 62 6 57 6 39 6 :
X 22,2 - 31.7 29.2 45.8 . 41,0 - 26.1 :
N 216‘ 763 229 . 316 260 . 126 a
!
the average values froin the children were higher than Archer's aver- é
age ef 2242%. The'highest scores were achieved when the syllables

appeared as part of the restric@ed‘list encompassing Archer's asso-

ciation values of 1 to 50% (CVC-L). However, the most interesting

AR A

RS,

result of this tabulation is the consistency with which these non-

R

sense syllahles were ranked. All five groups rated ZOT as the most
meaningfui. While other syllables were no! ranked with the same

absolute consistency, there actually is very little variation from

sample to sample. These results are so consistent that one is
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tempted to suggest that KEB and YUD,; as well as CEC and VAF, are out
of order when Archer s yaluer- 2 re applied to cnﬁldren. O T
Out of the-stugy gfows the~conclusion tﬁé% at'least as far as

chlldren are concerned the assoulatlon values are closely reaﬂted

"to thw condltlons undef which the values are derived ang have little

.*méaﬁing as absolute scores. Uﬁderwood and Schulz (l960)'ﬁgd warned

- -

. - -

against’uséng meaningfulness values. in an absolute sense in dis-
cussing adult nor@s'érom various sourées. On éhe other hand,rit~ap~
pears that one.éan accept with considerable confidence the relative
positioh or rank order'of a set of rigrams. Quite éonsistently
and clearly the three trigrams, SIJ, GEC, and VAF, appear less mean-
ingful to children than do the trigrams, KEB, YUD, and ZOT. If one
keeps these facts in miﬁd, the tabled values of Glaze, Archer; ané
Noble should all be useful in generating material for children.

Our experiment with the’combined CCC-CVC list adds information

on the relationship of association values for CCC and CVC trigrams., -

-_Clearly one cannot assume eqﬁivalence between the two types of tri-

grams simply because the values from Witmer are numericalily egual

to the values from one of the other-sources. 1In ore of our learning

studies, a list of six TCC trigrams was selected with an average

value of 22.% from Witmer and a 1lisi{ of six CVC trigrams was selected

with an averége value of 22.2 from Archer. Iu Experiment 3, reported
here, the average value obtained for the CVCs was 29,2 while the

average value for the CCCs was only 12.3 using the H form. In Experi-

ment 5, where the association valuesﬂwere obtained after the rele-~

vant trigrams had been used in the pairet-associate learning task,
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. ] ' .the average v&lue for thé CVGs was 41.C, and for the CCCs it was

R ;?_ . ) - L. ’ . ) . ’ . . ‘ ¥
-7 7. 18.0. .I% is'not clear whethcr college students will perform simi-’
f_ . ) larly, Aétually3 it-is possibla ﬁhaf.the values are mcre'compaiablé

.. - _ than our data would suggest, buf that children are bound by Some -

mqmmwnwmﬁﬂﬂm

- .~ rigid rule such that nothing can be a "word" that does not have a

s A . _ - vowel, Some of our other experiments suggest that children approach

‘B o task3 of this kind with a good deal of rigidity. L. -
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RESULTS PERTAINING TO  MEANINGFULNESS - . : -

The establishment of association values fcr consonant-vowel-

~ - -
. - -

consonant trigraus, as described in Experiment VII, was critical -to

the remaining. series of experiments. In most contexts, the associ-"

ability of the material to be leérned contributeé signifipantij'to
perfdgmahce. Having reliable esﬁimates'of-ﬁhe association values of

ma%erials,'thé’experiments of this chapter were designed to explore -

- ~

the ramifications of mearingfulness and its a pricri correlates,

association value, pronounceableness, and similariity.

‘The first investigation of thé'series, Experiment VIII, con-

cerned itself with attem@ts fo,establish meaningfuiness in previous-

1y low ﬁeaningful material. Wﬁile not a direct investigation-of the
paraméters méntioned‘above, a paradiém wés ﬁtilized whic¢h was deemed
analogous to the normal way in whiqh meaningfulness comes to be at-
tached to nonmeaningful maierial. Interest was them turned to the
confirmation of previously reported correlatiéns between association
value and perfofméncé, The results of this investigation are re-
vorted in Experiment IX. Experiment X examined a second parameter
of peffcrmance, proaounceableness. Continuiﬂg.in;%he same c¢ontext,
the iaét of the a Briofi meas@res, similarity, was varied in
Expériment XI. ‘

As will be seen, the results of Experiments VIII through X were

unrewarding. Performance was not altered in the anticipated fashion.

This led to the exploration of alternative parameters of learaing.
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‘It was hoped that meaningfulness of a 1ow'meaningful stimulus could

Expefiment VIII

Production of Meaningfulness by Associ

ation

.- . »

. . - - . .,

~ - . -
. s .

- -~ - ~

ABSTRACT. Per;ormance on the second of two palred-assoc;-
ate tasks, sequentially administered to groups of sub-
Jeafs, was used as an index to assess the degree of facil-
itstion produced by associating a low meaningful: item to
a high meaningful -item during the firs}t task. By maxlng -
responses available and swvtchlng S-R to R-S copflgura- '
- - tioms for different groups in-the first task, the design -t
alse provideéed information concerning p0551b1e differen-
tial effects. of stimulus versus response meaningfulness
when considersd from the first task,- and A-B, A-C versus .
B-A, A-C transfer when considered from performance on the i
second task. Resulis suggest that meaningfulness may be
produced by association in that it can overcome expected
negative transfer effects, especially if the initial low-
meaningful component is also a verbal component. Irn addi-
tion, results cast doubt on the ''stimulusY versus "res-
ponse" distinction in paired-associate learning except as
descriptive labels for spatial-temporal operations, while
upholding the facilitative effects of the total degree of
meaningfulness within item pairs.

’

A. Introduction

Underwecod and Schulz (1960) have amassed considerable data in-
vestigating the link between meaningfulness, or mire properly their

construct M, Most of the in-

and frequenc& of written .cccurrence,
formation gained in this research coneerned the response availabili-
ty stage, the first stage, of the hypothesizea two-stage lear ing

To supply informaticn abeut

process.- The present paper will affempt

the role of association, the second stage, in the learning process.

be increased through the association of a meaningful word with the

low meaningful stimulus., It should be pointed out that a specific
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“attempt to provide a mediating respohse was not involved. _Rather

nore meaniﬁgful item was:thqugﬁt to directly

< . -~

the association with a

-~ - .

increase the. meaningfulness of the stimulus. - ..
-'An- A-B, A~C paradigm was used-in-which the response memwber of the

paired-associate list in the first learning task was varied in mean-

ingfulness for independent groups. Oneé component.of each 3-R pair’

‘contained a meaningful word, while the other compcnent was either a

iowhméaningful 1iné configﬁratioﬁ (mb@ifiqd electrical symbol$ or a
CVC trigram. The_meaningfu; word Qas‘not always.the response qupu-
nent of this first learning task because the strength of backward as-
sociations was alseo of interest inifhis study. Thus,‘a B-A, A-C
paradigm was a;so used, The secdnd'learniné tagk invoived the learn-
ing of a single-letter response to é stimulus which was previously
one coﬁpcnent of the first learﬁing task, |
Underwood and Schuls {1560) have made a strong case for the

deminance of raspouse learnipg as gompar?d o the associative phase
in iie procduction of paired-asscciate learning scores, Sinée the
primary focus of the presenit study was upor the associative or second
stage of'learning, i% was deemed necessary to eliminate the differen-
,tiél effects of Stage 1 or response léaraning. Iz the first learning
task, the A-B of the learning parééigm, differences due to response‘
mleafning vere avoided'by having response availability; in all cases,
the responses appeared at the top of the answer page with adjacent
numbers and the subject responded by writing down the number which

was beside the appropriate response. In the'second task, the 4-C

portion of the learning paradigm, the set of responses did not

i
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. . appear on the answer sheet. This was not considered necessary for

two reasors. ‘First, it was assumed that the -single-detter responses

were all highly available, and, secondly, the same responses wers

used iz all conditions thereby eliminating any differences due to

the use of different sets of responses. L -

* B, Experimental Procedures -~

- . .

Subjects..‘Subjects‘heré~512 sixth-grade students from the

LN

. 1.
" Detroit Public-Schools tested in classroom groups.-
2e - Méterials.-_The Vl, V2; and Vé materials., described in the

devoted to~apparatus, et cetera, were used, along with the

¢hapter
responses indicated there. The 5-R pairings are in the same rows in'
Tavie 1 cf that chapter.

.

3. Procedure. A recall form of the standard paired-associate

learning paradigm was used for both learning tésks. Alzernate
learning trials, where both stimulus and response were presented, and
iest trials, where oniy.tﬁe stimulus was presented, were used for a
.totalncf eight sets of %riais in each‘phéée of the learning ;tudy.
The twod learning tasks were adminis%efed successively, with only

time for instructions allowed between tasks. The entire testing ses~
sion-took abont 45 minutes. '

The material was preseqtéd visually on a2 screen by a élide pro-
jecto£ which was advanced automatically by a tape recorder {(Ampex-
Bell & Howell system). In the A-B segmenit of the study, the stimuli
and responses were presented successively for 3 gec each during the

lezrning trials, with an inter-pair interval of about 5 sec. The
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inter-trial interval was 15 sec. During the test trials, the stimu~

1lus was presented for 3 sec, and a 4 sec inter-stimulus interval was

- . " - -
e .

As mentioned previously,

.aliowéd'fd}zéhé_fécording'of tﬁé resﬁ&ﬁées.'
the respoﬁses for this ph;sé of the stuéy Qege 1isfed at the top of
the answer éége‘ib avéid difféfenceé éue go résponse availability."

. Eaéh response had a.number adjacent .to it and %he,subﬁegts wefe.in-

structed to write this nﬁmbef &own iﬁ the appropriate space on;the
- answef shee%. Three oréers pf'reSPQnses aqd:adjacent ;ﬁmbers were
provided on different trials so thathﬁoth the spatial location and
the number-feéponse‘comBination varied with successive trials.
For the seéond portion of the sfudy, the.A-C iearning tagk, a
- similar precedure was followed. During the learning trials, the
stimuli and responses were presénted sﬁccessively for 2.5 séc each,
~with a 5.5 sec inter-pair interval. During a test trial, the stinmu-
lus was presented for 2.5 sec with a 5.5 sec inter-item interval to
2llow tiwme for responding.‘ In this segment of the study, responses
were not listed at the top of the anSwér page.

Three different orders of items in the learning and test trials

were used in both portions of this study.

-~

RBesults and Discussion

~

Table 8.1 presents the mean correct re3ponsés, standard devia-~

C.

tions, and sample sizes for the two learning tasks. These data will

be discussed in two parts: (1) results relating to Task I (A-B),

o and {2) resulis reélating to Task II (A-C).

It will be noted that the “AY and VB" of any condition are
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Means and standard deviations of the nunber of correct

Pable 8.1. ‘ 2
responses, by conditions for the two learning tasks, : oot

- - . .
~ . - . Y

~ - - - - "= D e

-

g ' - ) ~— R—— ' STy
- R , Learning Tasks - X -SD - X SD .
4-5 - o Cond. :_ I IT .. N i I. II - II i g
. §' . A | . . -
g o : ’ M v L, ‘Vl"VB Vl-X 61‘1' ch . 36. 2 : 9‘0 LF 33 06: - 3:505 i
I . B o~ N . o . ) '
g 1B . V-Vy  VoeR - 32 33.8 104 346 13.8 f
i - 24 VW VX 31 36,3 - 9.7 37.3 9.7 i
34 VU VoK w6l 28.2  10.2 29.7 13.0
3B VyVp Vg 27 30,0 9.6 39.3 . 7.6
ha vV -V, . vV, -X. 20 23,0 12.0 33,1 12.7 ‘
32 3 .t .. ;
4B Ve-V, VX 55 26.1 10.6 28.3 12.9 i
c1 V=Vp VX 57 33.2 7.7 27.9 "10.3 |
-1 c2 VeV, V-3 30 34,0  11.2 29.2 12.2 i
C3 V- 5 - VX 29 2k,9 11.9 35.4 9.1 ’
- ] d - z
ch v3- 5 VX 3k 3.5 10.8 36.5 8.8
) — }
- ' equivalent in fhe first iearning task. No.significaﬁf differences_ |

were expecfed or found. Thus, in the examination of the first of the
two taské, "AM and "B" conditions were poéled. The results of the
poo}ingAafe presented in Tab;e 8.2. Thg pooliing leaves four experi-
mental conditicns whose differences are in the Qfder of materials;
ie.24, "1"‘is different from "29" iﬁ that vl is the stimulus set in
the first case and the reéponse set in the second. 1In exémining the
effect of stimulus-response versus response-stimulus, the critical
The comparisons

- comparisons are "1! versus 2" and 3% versus "4,

were.not significant, using t tests. This finding would seem to
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Table 8.2.. Means and standard
o

eviations of the number of corr=ct
responses with AW and "E" grougs

d
$s pooled in each condition.

u

- e - - . .
. . . -~ e -~

- - . . _ - . . - . - . - .

- Conditions =~ N X 5D 0 L&
1 96 " 35,29 9.82 : ’
- 1.6k
C 2 103 37:59 .0 9.30 o
T -3 88 = < 28.77. 19,98 :
. : . N . 2.1"!‘ ~
L 75 25.28 10.98

-suppert the work of Underwood and Scﬁulz (19605 concerning the mini;
mal fole ;f "M" on the stimulus éide and é sharply reduced roie of
"M".on the response side when résponses are made available. Thése
findings of no difference are also in z2greemert with the "easy recog-
nition" task of Epstein and Streib (1962) in which paralogs of dif-
fering m value_weré used to conetruct L-H and H-I lists.

The present data seem to indicate that, given response avail-
ability, learning is a functioﬁ of the .total dégree of hM" irrespec-
tive of the configuration of the elements zz to stimulus or response
placement of the highly meaniﬁgful component. Thig conclusion is ..
obtained by examining the levels ¢f performance for the two kindé
of material used. A significant difference is found between the
mean for Conditions 1 and 2 pooled and the mean for Conditions E'and
I pooled (t = 8.39; p < .001). The direction of this difference is

consistent with previous data (Gaeth, 1963) which found Vé material

more difficult than V, material when single-letter responses were
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required, possibly indicating that the V? material is less meaning-

ful than the Vl material.

The comparison of each condition with the conditions which

AT

serve as controls for the effect of Task I on Task II serve as an
additional indication of the reliability of the Task I data reported
in Table 8.2. Thus, Condition 1 is compared to Cl1 for Task I, et

cetera. None of the four comparisons reach statistical significance

R BB R S

{p < .0l), adding credence to the reliability of these data.

Inspection of Table 8.1 does not allow any simple evaluation
of the eftect of the first learning task upon the second learning
task due to the existeance of significant differences in Task I
means as slready noted. An analysis of covariance was done on the
data in Table 8.1 in an attempt to evaluate the relative gains or
losses in the second task attributable to the first task. Table 8.3
summarizes the analysis of covariance 21 these data. Not all com-
parisons between pairs of adjusted means would be meaningful., ~Cer-
tain comparisons will be seiected for discussion and reasons for
such comparisons given.

The efféct of S-R versus R-S item relationships in the first
task. upon Task 1II performance can be evaluated by comparing Condi-
tions 1A with 2B and Conditions 3A with 4B. In both of these com-

,parisons, Task II is identical while the S-~R pairings in Task I are
reversed. The differences in the adjusted means for either cf these
comparisons are not significant. This would seem to indicate that

meaningfulness has similar effects on learning and transfer indepen~

dent of the "S" or RN placement of the meaningful component. In
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Table 8.3. Summary of the analysis of covariance for all conditions.

WO A S’««:Z:,Q"’"W 3 s

Learaing Tasks " Deviations from b
% Mean Adjusted %
Source I II af b df Square Mean &
i
x
14 Vi-Vs V3K 63 741 62  120.7 30.9 £
iB Vg VX 31 <9k3 30 96.7 33.8 g
2A V5-Ty VX 30 476 29 75.7 34,5
2B vzuvi v,-X 71 327 70 91.4 25.4
3A va-vz V,-X 60 .638 59 127.8 32,0
2B Va--v3 v3-x 26 k2 25 43,7 40,6
4 v3--v2 v3-x 19 . 707 18 94,9 38.8 :
4B vz-vg Vé-X sS4 «568 53 131.6 32.0 g
cl vl-v3 ¥,-X 56 509 55 92.1 27.1 g
c2 vs-vl v,-X 29 .895 28 46.6 27.9
C3 va-v3 v, -X 28 431 27 63.3 4C,0 i
. {
ch v3-v2 vl-x 33 .292 32 68.7 37.4 :
Within 4388 95.3
Reg. Coef. 11 160.1
Common 500 «635 Lgg 96.8
Adj. Means 11 849,8 ;
Total 511 510 :

Regression coefficient.

terms of transfer paradigms, this would seem to indicate that (given

SRR

response availability) A-B, A-C is equivalent to B-A, A-C. A similar
interpretation can be made by the comparison of Conditions 1B versus

2A and 3B versus 4A., Again, only the "S" and "R" item positions are

PRI SR

rzversed in the first learning task, and again, no significant dif-

ferences in adjusted means were found.
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The crucial question becomes whether or not any transfer did in

fact cccur, or is Task II facilitation a function of practice ef-

. fects. Control conditions were used ir which the stimulus component 1
of Task II did not appear in Task I, This type of control allows
assessment of the effects of practice. It should alsé be pointed
out that the control coadi%ionz are of the A-B, D-C type transfer
paradigm which can serve as a base rate for the assessment of other
transfer effects;d Performance on the control conditions which re-

o verse "“S", and "R" placement in the first task ére.not different (Cl
versus C2 and C3 versus C4), lending support to the reliability of
these data as adequate for the assessment of practice effects.

Sincg the ex@erimental conditions were of the A-B, A-C variety,
one might exvect the facilitation produced by having a highly mean-
ingful component for the "B" term to be offset by the negative
transfer effects known to occur in this paradigm (Postman, 1962b).
The critical comparisons in this regard yield coenflicting results.

Wnen Condition 1A is compared to its control C3 (or C4), it appears

[

that negative transfer effects dominate over any possible increment
of meaningfulness. Tne adjusted mean for Cﬁndition 14 is 30.9 and
for $3 the value is 40.0. This diZference is not significant, even
at the .05 level (t = 1.89). However, the adjusted mean for Condi-
tion 3A is higher than its control Cl {The values being 32.0 and
27.1, respectively). Again, this difference is not significant
(§i= 1.5é) but it is a strong reversal., If the directions of these
differences were relidble, they would seeﬁ@po indicate that meéning— }:

v .
P o

fulness is more easily induced in aonsense syllabléé (34) than in
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nonmeaningful lines (1A). This seems to fit our conception of ver~
bal material as approximating words and being more amenable to the
attribution of meaningfuliness than nonsense line configurations.
However, the evidence for this is quite indirect and not supported
by statistically significant comparisons.

That the two-stage learning task was partly successful in pro-
ducing meaningfulness by associiatior is also indirectly supported by
the fzct that the negative transfer paradigm used in the experimen-
tal conditions failed to produce significant decrements in perform-
ance when compared tc the control conditions. A design in which
the A-B, A-C paradigm was used with all low meaningful components
would be of use in establiching a base line for the assessment of
the production of meaningfulness by association. Merikle and Battig
(1963) present evidence relative to this aspect of the problem. TUs-
ing an A-B, A-C paradigm, they reported zero to negative transfer
(although not significantly so) as the paired-associate material in-
creased in mearingfulness with the zero transfer ohbtained from CCC

trigrams.,

D. Summary and Conclusicns

A design in which the effects of associatirng a highly meaning-
ful component with a compcnent low in meaningfuvlness could be as-
sessed by performanée on a second paired-associate task was used in
an sttempt to explore the possibility that meaningfulness could be
produped by association. Performanée on the second task, in which

the low meaningful component of the first task served as a stimulus,

pipperve day P AP E et o wrwnar By e _— T I — - p sy Y el i e S S R i ey E— F——] Py o
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was compared to conditioms which controlled for the possible facili-

~ e -.,
. A St S Wit 8 s’ e bt B W e by

, o

|

tative effects of practice. At the same time, these control condi-

|

ticns provided a base rate against which to evaluate transfer ef-

fects. That is, the control conditions were of the A-B; D-C type,
while the experimental conditions took the form of an A-B, A-C
transfer paradigm. Since the A-B, 4-C paradigm is known to resnlt
in negative transfer, any obtained facilitation as a result of the
associatior with a highly meaningful item must be great enough to
offset negative transfer effects. The design also touched on the
question of the meaning of "stimulus" versus "response'" distinctions
except as descriptive labels for spatial and temporal operations by
providing the "response availability" stressed by Underwood and com-
paring performance under A-B, A-C, and B-A, A-C conditions.

Results suggest that the expected debilitating effects of the
negative transfer situation were partially overcome by facilitation
produced by the association of a highly meaningful item. Further,
these results suggest that such a performance increment occurs to
the largest extent when the component to be facilitated is of a ver-
bal nature in the sense that it can be readily pronounced ard used
as a coherent label. Thus, nonsense syllables but not nonsense

ines appeared to overcome the negative transfer effects when asso-
ciated with a meaningful component. These findings must be con-
sidered teniative pending more clear-cut statistical findings and
the establishment of a better %transfer base line through 2 paradign

which contains all low meaning?ul compoanents.

In addition, the findings cast doubt on the scientific utility
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£ of distinguishing between "stimulus" and "response" terms except as
" - - - -

i descriptive terms for spatial-temporal operations. The A-B, A~C

3 . . . . v s

] paradigm was in no case superior to the B-A, A-C paradigm with iden-
5 tical material, while total degree of meaningfulness within a pair,

independent of "stimulus" or "response'" position, made a significant

difference. Since the configuration of the item pair did not make

a difference given response availability, indirect support for the

notion of & response learning phase (Underwood and Schulz, 1960) is
provided. However, the second associative phase must also have oc-
curred durirg learning, and here tooc, the configuration uf the item
pair did not make a difference,.even though the twe items differed

largely in meaningfulness, It would seem then that if the terms

Ustimulus" and "response!" have any theoretical meaning, they should

be restricted in usuge to the respomse learning phase.
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Experiment IX

Association Value, Meaningfulness, and Learning

ABSTRACT. Jndependent groups of children in the fourth,
fifth, and sixth grades were tested with seven paired-
associate tasks. Each task was homogeneous with respect
to association values of 19.8, 30.6, 40.0, 50.6, 60.6,
70.0, and -80.6. A test for simple effects acrosc lists
indicates that association value differences of as large
as 60.8 are needed to significantly alter performance.
Thig finding is interpreted as indicating that the por-
tion-of performance variance attributable to association
value is much less than would be inferred from previous
experimentation.

A. Introduction

Experiment VII was conducted to fill the gap in normative data
for association value of CVC and CCC trigrams in children. 3By the
same token, no systeqatic investigation has been uncovered which
deals with the relationship between aésociation value of materials
and learning performance with children as subjects. The purpose,
then, of this experiment, is to establish normative data on such a
relationship. , e

Studies with adult éubjecté;have concluded that?performance
is directly related to association value (Underwood and Schulz,
1960). 1In genersl, this conclusion has been based upon studies
which used materials which are heiterogeneous in terms of association

value. By this is meant that within-list variability of association

4
values was high; i.e., performance of an item with low association s

value was compared to performance with an item of high association

value in the same list. At best, categories of asscciation value

134
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have beex restricted to gross groupings such as "low", "medium",
and "high"%, Estimates of the amount of association value change
for significant changes in performesnce have not been made.

The experiment at hand attempis to systematically investigate
performance for a wide range of association values while, at the
same time, attempting to reduce intralic: association value vari-
ability. It is felt that the reduction of this type of variation

is essential to more concise estimates of the effect of association

values on performance. High intralist variability essentially pro-
vides the subjects with "easy" and "difficult! items within a list
(given that performance is a function of association value) and
biases performance in the direction of accenting the effects of as-
sociation value. In Experiment III, Phase 1, an indicatiocn was
found that children dc teud to learn the easier items first. Thus,
the {rigram PIL would be relatively easier in a 1list with SIJ than
it would be in a list with JAZ. The use of a number of homegeneous

lists sampling from different points along the dimension of associa-

tion value will allow, through the use of post mortem tests, esti~

nmzates of the changes iu associaticn value needed for significart

ciangee in performance. As a further comtrol, independent zubjscts
from the same student population were used &s estimators of the as-
sgciation value of the trigrams used in the present experiment (see

Experiment VII).

By Experimental Procedurcs

Lle Hateriéls. Seven lisis of five S=R pairs were constructed,
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Each list defined a different condition. Stimulus materials did not

vary, in a1l casss consisting of the Arabic rumerals 4-8. Responses

e s

were nonsense syllables selected from the fourth~ to sixzth-grade

norms for 100 CVCs as reported in Experiment VII. There, the vaiues

-~

showed high reliability as indicated by test-retest ané by replica-

tion measures. The seven lists used CVCs which were drawn from suc-

e W wn - .

cessive 10% ranges beginning with 6% and ending at 85% association

value. Table 9.1 presents these lists of response items and gives

Table 9.1l. Stimulus-response (S-R) pairings for the seven conditions
with association values (AV) from grades 4-6.

B . Conditions

1 2 3 | L 5 6 7 i

S R AV R AV R AV R AV R AV R AV R AV

4 LYX 16 QAM 26 BYG 36 BIF 46 TAZ 56 SAF 56 GAN 77 I

5 DAQ 17 TFiT 28 QIC 39 ZOT 49 IUN 58 ©DOB 67 MUF 78

6 SIJ19 NEZ 331 IR 39 CUXS51 KIG 60 CER 68 DOR 81

7 VAF 23 VUR 34 ©NEM 42 NEV 53 PEB 64 PEK 74 JAZ 83 ;
) 8 GEC 2k KUL 34 KOS 44 HUK 54 WOL 65 GIN 75 PIL 84 x

X 19.8 30.6 40.0 50.6 60.6 0.0 80.5 ;

et

the fourth- to sixth-grade association vzlue for sach tyigram, Let-

. ter duplication within a2 list was minimized. Each list had one vowel w;:

duplication with the exception of that used in Condition 5 in which

the letter "L" is duplicated.

2. Subjects. A total of 1169 subjects from the fourth, fifth,

and sixth grades of the Archdiocese of Detroit School System was
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& |

_;f tested,”

f%% %3, Procedure. The paired~associate lisis were presented visu-
i% ally or a sc¢reen, prbjected from 2 Tel-n-See machine. Alternatz

:?% learning and test trials were giver for 10 trials. During learning
ﬁ? trials,; the stimulus appeared for 2.5 sec immediately followed by
E% the response for 2.5 sece. The inter-pair interval was 2.5 sec. Dur-
%éf ing test trials the stimulus appeared for 2.5 sec with 6 sec allowed
” E to write the response in test booklets.

@ : C. Results and Discussion

E % The mean correct respoases, standard deviations, ard saﬁple

: % sizes for each condition are presented in Table 9.2. A4s is illus-

trated in Figure 9.1 (p. 138), the means across conditions, for each
grade, are relatively stable with slightly increasing performance
with increasing association value for the list. It should be noted
tha% with increasing gradé level, the slope of a regression line
would become flatter. The degree of slope is much less than would
be expected by a review of the literature, primarily Underwood and
Schulz's review and hypothesized relationship (1960, p. 282).

. An analysis of wvariance was executed on the data, after Winer's

(1962) procedure ‘for uneqgual cell frequency using the harmonic mean.

The resulis of the analysis are presented‘in Table 9.3. As would be
expected from the observations concerning the slopes for the three
grades, the interaction between grade level and performance is signi-

ficant. Proceeding to an examination of simple effecis, grades

produce significant (p < .01) variation at each asgociation value
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Fige 9.1 Mean correct responses for grades; by conditions.

ievel except for the list in Condition 6 which has a mean associa-
tion value of 70.0%. These differences are consistent with prior
experimentation (Gaeth, 1960; 1963) and with results reported in
this jroject.

An examination of simple effects for association value at each
grade level indicates the expected significance (p < .01) of chang-
ing asséciation value. However, the more specific goal of the ex-

periment was to examine the effect of 2 specific zmount of change.

The Tukey (=) procedure (Winer, 1962) for a posteriori comparisons
was applied at each grade level, The results of these computations
are presented in Table 9.4. Iz that table, the conéitions are
ideutified‘by tﬁe mean association value of the response list and

rankédvin order of performance, from low to high, for each grade.
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respcnses, by ccnditions and grades.

o

Means and standard deviations of the number of correct

“ -
L) 3
o
o

(Mean Association Value)

Conditions

1 2 3 b 5 6 7
. Grades (19.8) (30.6) (40.0) (50.6) (60.6) (70.0) (80.6)
X 15.4 22.8 N\‘é51i~w‘.2z,7 29.1 29. 4 26.1
so 12.1 12.3 12,5 11.6 13.0 12.4 13.5
N 64 64 64 64 64 6L 64
X  23.6 23.1 32,4 26k 30.9 32,0 32,8
sD  13.2 12.3 10.5 8.9 10.3 11.4 13.1
N 64 64 64 64 64 64 64
T  33.6 30.2  32.9 33.8 36.8 33.8  38.9
SD 10.7 11.2 11.6 10.2 11.0 8.8 9,8
N 39 39 39 39 39 29 29

For example, grade 4 performed lowest on the condition where the

responses had a mean association value of 19.8 and highest on the

list averaging 70.0, while the fifth and sixth grades were lowest

Table 9.3.

tions and three grades.

Summary of the analysis of variance for seven condi-

Source df MS F
Grades (G) 2 9398.79 . 68,94%*#
Conditions (C) 6 1884,.35 13.,82%*
GxC 12 362.87 2.66**
* Within 1148 136.33
** » < .01,
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on list 30.6 and 2ighest on 80.6. The mean correct performance in
each case may be obtained by referring to Table 9.2 under the appro-
priate grade and list association value.,

Thé-séaﬁtling aséect of this final tést is-the'éroaa range of
association values over which no difference in performance can be
detected. In the sixth grade this range may be as broad as 60
poinits, 40 points in the fifth grade, and 50 points in the fourth
gracie. It would seem the notion that the associability of a stimu-
lus is useful in predicting the_rapidi?y with which a specifig asso=

ciation will occur, must be called into question.,

Table 9.4. Results of the Tukey (a) tests.

Grades Conditions Ranked by Performance
¥ . 19.8% 50.6 30.6 40.6  80.6 60.6 70.0,
5 30.6 19.8 50.6 60.6 70,0 40.0 80.6
6 20.6 40,0 - 19,8 50.6 70.0 60.6 80.6

& Numbers identify mear aésociation value of list.
Lines connect nonsignificant differences a* p = .01,

D. Susmary .and Conclusions

One thousand one hundred and sixty-nine students from the

. fourth, flfth, and sixth grades served as subjects in seven paired-

associate 1earning tasks. The tasks differed in the mean associa-
tion vdlue ofvrésponses. The range of each list was iO points; the

means: 19.8, 30.6, 40.0, 50.6, 60.6, 70.0, and 80.6. Asscciation
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tablished with an independent group of 763 fourth-,

values were €5
Archer's (1960) procedure was

fifth-, apd sixth-grade students.

solfowsd and the correiation between the vaiues for adults and

children was .8l
-Results indicate a significant interaction between association
and the grade level of the subjectss This restricis

value of a list
the interpretation of main effects, poth of which were significant.
It will be noted that a significant effect for grudes is entirely

conﬁistent with results elsewhere in this project as well as in
Part I (Gaeth, 1963) and as reported by Gaeth in 1960, ILikewise,
the resulting significance of thé main effect for association value
is not surprising. Studies with adults had indicated a strong Tre-
lationship between performance and association value. Since 2 spe;
cific_goal of the experiment was to determine the amount of change
cant change in performance,

needed in association value for a signifi

snd to side-step the problem of the significant interaction, & post

- moarten examination was conducted for the effects of association
The results of these examinations fornm

vélue at each grade level.

«ne core of the report.

The significant effect of association value was confirmed at
each grade level with higher association value producing better per-

formance. However, the rans2 of association values Over which no
significant change in performance occurred was not consistent with
what would be expected on the basis of Heterogeneous lists used with

aduit subjects. AB much as 60.8 association value points were re-
.. _qured to alter performance,,cleariy not the expectation. At least
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one source of the discrepancy would be the use of heterogenecus

lists .n previous experimentation which, as mentioned in the Intro-
duction, would accent the effect of association value. A second
sourcé of the éiscrepancy woqld be the groésﬁess of the categories
;sed previously to ciassif& tﬁe association value, At-leést it

may be said that for children, and presumably for adﬁlts in view
"of the lack of similarly cortrolled experimentafion, the variabili-

LY

ty in performance attributable to association value is far less

than has been supposed.

These findings add further-support to the'assumption that as-
sociation values are not abéplute indices of mean&ngfulness. This
conclusion was initially indicated by resul%s in Experiment VII
from the use of truncated lists. It was sﬁggested there that sub-

jects may respond only to the.range of items in the list at hand

and not to the position of these items in the general hierarchy of
verbal material. Thus, when presented with a list that has‘low-~-'
variability of association values, there is markedly 1ittle differ-
ence in the rate of learning that 1ist'regafdless of where it lies
in ﬁgrﬁs of the overall range of aésqciation values. Oply as the

inter-item variance increases can performance be charted in terms of

association.value,
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Experiment X i

The Effects of Pronounceableness and Explicit
Pronunciation on Learning

~ .

- : '
ABSTRACT, A total of 783 subjects from the fourth, fifth,
- and sixth gr=des were tested in a paired-associate para-
digm with CCC or CVC trigrams as respounses. Visual and
auditory presentations were used. CCC znd CVC materials
were assumed to have equivalent association value. Com-
parisons across presentations, within a type of material,
indicate that explicit pronunciation is not facilitating
and that auditory nresentation is inferior to visual, as
a function of ‘materials. These differences may be attri-
buted to greater intelligibility problems with CCC mate-
rial. Pronounceableness was found to be a major factor
in performance. '

]

b

e,

L -

-A.s Introduction

Startiné with the explicit assumption that rate of learring is
a function of meaningfulness, it may be shown then that measures
such as association value and pronounceableness are parameters of
this dimension to the extent that they interact with rate cf learn-
ing. Association value has been accepted as an index of meaningful-
ness on -the basis of such evidence. Results from the preceding ex-
periment, E%periment IX, have suggested that moderation is recom-
mended in-characterizing the relationship between association value

and rate of learning. The facilitative effect of-pronouhcéableness

is'generally assumed to be due to the fact that it aids in producing
an integrafed unit, supraordinate to the individual letters which
make up:a group. Underwood and Schulz (1960) investiéated pronounce=

' ableness in learning. However, their work did not involve explicit

pronunciation to or by the subjects.
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Az a further elaboration of the roles of pronounceableness and
association value in learning, Williams and Derks (1963) attempted
to vary the two indgpepdenﬁlf while testing the.effects of modality
;- . _of presentgtion. ‘Their conclusion wés that Qisuéily presented mate-
rial is learned as a function of ité pronciinceableness while aural
'pféséntatioﬁ "minimizes the importance of PR and is more clearly re-
lated to AV, (PR indicates the pronounceablemess rating as col-

- lected by Underwood =nd Schulz; AV refers to association-value.)
Wililams and Derks view the two factors as operatiﬁg independently,
their contributions to learning reflectiné the’relgtive efficien-
cies of preseptation modes.

The present study was designed to test the implications of'some
of these assumptions. Five cénditions were generated with tﬁo types
of material and three types of presentation. Since Williams and
Derks were unable to accomplish a complete separation of AV and PR,
- : it was decided to ;ary pronounceablénesé holding association value
constant. CCC and CVC trigrams were taken from Witmer®s and.
Archer's lists, respectively. The sets were equated numerically
" for association_%alue‘és geported by them. Thére is ﬁo basis for
assuming equality of association values from the two studies, since

"the two did not use identical methods for rating association. One

of the studles in Experlment VII, association values 1nAch11dren,

attempted to correct this defect. On the basis of those ?1nd1ngs,
the equatabzllty of such values, obtalned from the same subjects,
can,be tentatively assumed. Results from Experiment IX indicated

that thé absolute,asabciatioh values of items bearnlittle relation=-
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ship to the rate of learning such items in restricted lists. Thus,
the issue of equatability of values becomes relatively unimportart.

It was expected that all compariisons between CCC and CVC material

would soow the ldtter to be superior on the basis of pronounceable-~

ness.. ‘ ' : i >
The mode of presentation was either visuval, two spellings, or

a spelling followed by a pronunciation. (The last two were auditory
conditions.) For CCC material, only the visual or spelling presen-
tations were used, since these trigrams do not lend themselves
readily to pronunciation. The pronounceable CVC trigfams were pre-
sented aurally in the two different ways. For one condition, the
trigram was spelled twice at each presentation. This condition

" might be viewed as analogous to the visual condition where the sub-
jects could scan the simultaneously presented elements of the tri-
gram more than once. For the other auditory preseatation, the CVC
was spelled once and pronouncéd once during each presentation.
This might be considered parallel to the other approach which a
subject might adopt in viewing the trigram; i.e., examine the ele-

. ments making up" the trigrams and then try to integrate them into a
unit by means of pronuncia%ion.

If the conclusions of Williams and Derks are correct, then all

of the audltory conditions should be poorer then their correspondlng

' olsual condltlons, since assoclatlon value is held constant, Thls
should be true of both kinds of’trigrams. It would also be pre-
dlcted that the auditory conditions Wwill not differ among themselves

‘(agaln, since AV is constant), while the visual conditions will
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différ significantiy with changcs in prounounceableness,

B. Expenimental.ProcedgzeS} »

1.  Subjects. A totel of 783 children iﬁrgrades 4, 5, and 6
'is the Deircit Public. Schools éarticipated in %the experimenéal
conditions.

2. Materials. Two sets of six stimulus-response pairs werse

selected for the experiment. Single letters were used as stimuli,
trigrams formed the responses. Letter duplication was held to a
minimur withih the materials available (CCC and CVC trigrams of
low associaticﬁ valué¢). Items were selected su;h that the two
lists miéﬁt be considered equal in association value.

Table 10.l1 presents the per cent of subjects who indicated
that the trigram in question reminded them of a word as obtained
from children (Experimental) and from adults (Witmer and Archer).
Children's values ars obtained from Table 7.3 (Form H) of Experi-
ment VII. Lists differing in association value by as much as 40-60%
were shown, in Experiment IX, to produce no differences in perform-

ance. On this basis, and to the extent that CCC and CVC association

7

values can be compared (see Experiment VII-3), it is centended here

that the lists can be treated as being equal in AV.

3. Procedure. Using the paired-associate paradiém, the items
’ were éresegteé wiéh a.slide projector éctivated by a tape recorder.
The Ampex-Bell & Howell system was used. Allowing for projector

activation and de-activation, a stimulus item was presented for ap-
1fgr§%§m§t§ly,2%5x§ec followéd by a iesponsevof like duration during

, .
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fable 10.1. Stimulus-response pairings and association values for
tle two types of material, :

SRSt .
as N e N 4
N R e Y )

, i

ccc ¢ . , cve - E

. . L g

Exper. Witmer ' Exper. Archer- %3

Stim. Resp. %age Fage Stim, Resp. %age %age ?%

F  PZE 10 25 P KEB 31 25 i

B RGW 21 25 : z0T ko 28 /

L 8JQ 10 25 L VAF 22 22 :

M DWB 13 17 M GEC 26 17 i

v TCJ 10 21 Q YUD 38 27

X NQS 10 21 X $SIy 18 14 2

¥ 12,3 22.3 ‘ X 29.2 22.2

léarning trials, with 3 5.5 sec inter-pair interval; On a test tri-
al the response was eliminated and the inter-pair interval given to
recording of the response by @he subject, A 10 sec inter-trial in-
terval was used. All three lefters'of a response in the appropriate
order were required for correctness. Ten learning and 10 test trials
were alternated.

Duration of gtimulation was’'equated for the two modes of presen-

Beigis

tation. The time involved in two spellings or a spelling-pionunciam

tion of a trigram was controlled so that the duration was approxi-

T L

mately 2¢5 sec.. It is acknowlquéd that two spellings, necessarily

serial in presentation, may not be equivalent to the simultaneous

T S

presentation of three letters by a slide projector. However, the

question of equali#y of stimulation across modalities when dealing

5.

‘vy‘g7;;giﬁp,gexbal moterial has n@@ yet been settled in the literature.
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C. Results .and Discussion .

,Tablé 10.2 presents the mean ccrrect responses, standard devia-
tions, and sample &izes for all conditions administered. Not all

conditions were .administered to fourth-grade sections. The scores |

4

Table 10.2. Means and standard deviations of the number of correct
responses, by conditions and grades.

Condiéions ) Grades
L 5 6

CCC-4 X 5.18  7.61
SD 555 732

N 56 72
cce-v X 9.87  13.40 13,58
' SD 7.62 6.98 8.47

N 107 35 6l
CVC-A X 13,00 21.49
&p. SD 11.87 15.76

N 59 65
cve-a_ X 8.00 17.36 1€.06
S pro. SD 6.99  12.00  13.14

N 31 33 71
CVC-V X - 15.78 15.87 21.26
' ) N 11.71 ° 10.98 13,08

N 98 31 61

indicated that testing below the fifth grade produced levels of per-

formance which could not be interpreted as learning. Fourth-grade

'§erfofﬁahcg with visually presented CCC trigrams and auditorily pre-

t

téd QVQ;%iiggéms_ié‘veix’iow, Chance performance would be on

5 %ﬁ§i§§a§?75iﬂibﬁéﬁffé§t Zor 10 trials. In spite of performance

T
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comparabie to fifth-grade levels, with visually presented CVC tri-

S0

grams, the fourth-grade testing was discontinued., It was felt that

the fourth-grade perfoémance over all conditions would not be a

N
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valid estimate of the effects of pronouqceableness, Figure 10.1

1! '(ﬁ.@"

(p. 150) graphically presents the fifth- and'éixth-grade performance

Sodwal

given in Table 10.Z2.

A three-way analysis_of variance, grades by pronounceableness
by modality, was conducted on the data for grades 5 and 6, excluding
the CVC-Apro condition which had no counterpart in the CCC material.

It must be noted that the interpretation of the results of this

analysis are to be qualified by the very low performance of both

fifth and sixth grades with auditory presentations of CCC material,

SRR LG RTOY "-', 5 . g " ":.\ ; joe ~"‘5“‘-:" ¢
S A oot A Sy ot i e S R

ALY

As in the fourth grade, performance in this condition cannot be

interpreted as learning.

Table 10.3 presents the summary of the analysis. All main

;
3L b S EUAT e &g
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Pable 10.3. Summary of the analysis of variance for grades, pro-
nounceableness, and modality. :

it AT,

T -t

“ 1,
' N - X
e

B Source af MS F
Grades (G) 1 . 1975.82 17.60**
K Pronounceableness (P) 1 6326.35 - 56.35**
Modality (M) ‘ 1 2191.13 19.52**
g GxP 1 1059.46 9 lli**
g GxM 1 252.10 2.24
4 PxM 1l 752.68 - 6.70**
GxPxM 1 33.89 «30
Error Lu2 112.27
** p < .01,
" - o AT I R N A e M T M NI R N IR NS R LI N S .
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CONDITIONS

Fig. 10.1 Mean correct responses for grades; by conditions.

effects were significant., A visual presentation was superior to an
auditory; CVC trigrams to CCC trigrams; and sixth grade superior to

fifth grade although this aspect is restricted to CVC materiale. The
limited area of sixth-grade superiority was confirmed by the signi-

ficanf interaction between grade 5 and proqounceableness. Lastly,

a significant interaction between pronounceableness and modality was
found., It is suggested that this’ interaction cannot ge interpreted

inasmuch as CCC-A cannot be considered a valid estimate of perfofm-

.
x

ance.’ Sco;es could 5e attribuéed to chanée élone.
| Performahbe on the three CVC conditions was compared for each

grade to evaluate fhe effect of explicit pronunciation upon perform-

ance. The results of these analyses, presented in Table 10.k4, show

significance. only at the;5% level for grade 6, wlere GVC”Apro. is
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Table 10.4. Summaries of the simple analyses of variance for three
"CVC éonditions, grades 5 and 6,

"
=

Grades - Source af
‘5 Conditions 2 221.3- '1;24'
Withia 120 178.3
6 Conditions 2 6LL. 6 3.,27*
Within 194 197.2
*p < .05,

inferior to the other two modes of presentation. This is in direct

.

contrast to our expectations,

D. Summary and Conclusions

With regard to the hypotheses advanced in the introduction,
auditory conditions are found to be inferior to visual although this
is largely due to the low performance on auditory CCC material. Com~
paring the CVC conditions, nonsignificant reversals are found in
both grades in tke ordering of visual and auditory presentations.
Contrary to the predlctlon, auditory conditions do differ among
theﬁselves. The source of this dlfference cannot be solely attr:—
buted to the parameters of this experiment. It is suggested that
one factor wWhich may have. had a large part in the low auditory 7CC
peffsimance was a reduction of intelligibility of the elements of
th? trigrams in that more intelligible materiai (vowels)'constituted
6ne~third of the material in a CVC-4 condition., WNo facilitation |

was provided by explicit pronunciation of CVC frigrams, suggesting

173‘3
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) - thé.t iﬁtégration o‘c‘:-curs spontaneously with appropriate materials.

Taken as a whole, this experiment provides evidence that.a
éignificaﬁt i‘ela'fions'hip holds between performance and pronounceable-
ness. Other findings are confounded with a probabie lack of validi-
ty in auditory CCC performances.
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Experiment XI

The Effect of Similarity Upon Learning

ABSTRACT. It was hypothszized that formal intralist simi-
larity would ‘interfere more w1th paired-associate learning
in children than would conceptual similarity. Experiment 1
tested 51 subjects each with five conditions in grades 4-6.
Formal similarity interfered more with the learning of
items low in meaning while conceptual similarity seemed to
interfere more with highly meaningful material. Relatively
poorer performance by grade 5 suggested a transition in
the strategy used to learn. Experiment 2 increased the
dimer sions of similarity with the expectation that grade L
would be most affected. Results show that grade 4 perform-
ance was facilitated but grade 5 was again relatively
poorer.,

A, Introduction

Intralist similarity is recogrized as a major variable affecting
paired-associate learning. Three kinds of similarity have been des-
cribed: "formai" as measured by letter duplication, "meaningful"-as’
determined by the tendency of words to elicit ome another,‘and
"cdﬁceptual“ in which the words are instances of a supraordinate
class (Keppel, 1964; Underwood, Ekstrand, and Keppel, 1965). These
categories are not mutuélly e#clusive; items selected for a learning
task can be termed similar according to one or more of these defini-

tions. Also, meaningful similarity can be subsumed under conceptual

-
>

similarity. However, these-terms hgve usefulness‘in descéibing the
ﬂimensiops along which the items vary.

All three kinds of'simiiarity produce interferences. Formal
. simiiarity is mosf ef{gctivq when the material to be lLearned is low

in meaningfulness. With highly meaningful material, formal

153
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. similarity no longer plays a role but is replaced by conceptual

"and/or meaningful similarity. From such evidence, it may be as-

sumed that verbal material is responded to initially on the basis of
its meaning and, only secondly, on other dimensioﬁs such as spelling.
ﬁists of words with similar spellings but different referents should
not be learned at a different rate than lists of words which differ
both in spelling and referent. However, if the verbal material is
not words, performance should be adversely affected by letter dupli-
cation.

There is evidence to suggest that, at least with college stu-
dents, strategies are employed in paired-associate learning., In
essence, the function of the strategy is to reduce the'complex ele~-
ments of the tasks to single units. For example, pronunciation aids
in integrating sets of letters. Meaning can aiso reduce sets of
letters to single elements. Mediators are employed frequentl& E7¢)
integrate the stimulus and response into a unit. Newman (1$63)
directly examined strategies and concluded that subjects attend to
the entire stimulus at the beginning of training but later respond
tc selected aspectis of the complex stimulus, again tending to reduce
it to a single eclement.

Re-exemining the situatiocn ir which low meaningful verbal
stimuli are being learned, it would seem that a curvilinear relation-
ship should be obtained between amount of interierence with learning
and amount of formel similarity. Neo letter duplicaticn would pro=-
duce zero interfersnce; a monotonic relationship would pe found

between the variables as the amount of letter duplication increases

%
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up to some maximum; beyond some point, further duplication should
éerve to reduce the amount of interference by allowing the subject
to‘identify early in the learning experience those stimulus glements
which are duylicated, and therefore, irrelevant. In effect, then,
excessive letter duplication would increase the rate at which the
subject is able to reduce tﬁé stimulus to a single eleﬁént, thereby
facilitating learn%ng. The extreme situation in which all the let-
ters but one are duplicated in every item should produce relatively
-1ittle interference since the critical letter, a single unit, would
be rapidly isolated from its constant surroundings.

These predictions would in all‘probability be borne out if
college students are used as subjects. Xeppel (196%) points out
that no studies of the effects of similarity have been done with
childfen. He suggests that younger suﬁjects may fespond differently,
with formal similarity exerting a greater effect upon pevformance.
This hypothesis is tenable for two reasons: (a) Children, being
more concrete than adults (Piaget, 1957), may respond to the ap-
pearance of the sti;ulus more than to is meaning, and (5) the abili-
ty‘to attend selectively to portions of a complex stimulus may vary
as a fu nctlon of age or experience W1th the result that younger
children mlght be "compelled" to attend to all of the stlmulus ele-
ments presented. In the case of words, this would simply mean that

:childrén woulé be unzble to attend to meaniné without being aware,
’at the same time, of spelling and pronunciation. In either caée,
it wo a B¢ predicted that children would perform at a lower level

gn a paired-associate task where the stimuli are words with similar
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spellings than on a task where the stimuli are unique in both

_spelling and meaning.

A cofbllary to the assumption that children are more infiuenced
by formal than other kinds of éimilarity would be that thej are also
more limited in the strategies available for 1eérning. This hypothe-
sis was tested by determining the sbility of children to attend te
parts of a stimulus. The unique element was embedded in a constant
matrix. Newman's data suggest that college students would rapidly
identify the critical elements and performance would approximate
that of a control condition whers the stimuli were presented without
the matrix. If children approach the task concretely, they would
fail to discriminate the critical stimulus and performance would be
significantly poorer than in the control condition.

The present study was designed to test these hypotheses as well
as to evaluate generally the effects of itwo kinds of intralist siﬁi-
larity upon the paired-associate performance of children. Formal

and conceptual similarity were selected for investigation.

B. Experiment 1

1. Subjects. A total of 918 subjects frem grades 4, 5, and 6
of the Detroit Public Sch091s was tested in the five conditions.
’Eﬁtire classrcoms were used with nore -than one classroom per grade
tested.‘ The different classes from the same-grade were taken from
different schools. In order to facilitate computation, all sample
sizes were reduced randomly to 51, the frequency of the smailest

cell, Thus, results from a net total of 765 subjects were used in
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this experiment. Two control conditions using data collected from
a-previous study (Gaeth, 1963) were similarly reduced to 51 subjects
each,

2. Materials. The specific stimuli for the five éxperimehtal

conditions are presented in Table 1l.1 along with the appropriate
respenses., The S-R pairs for the two control conditions (V2 and_VB)

are also given. Condition A consisted of single-letter consonants

Table .1ll.l. Siimulus-response pairings for five experimental con-

ditions {(A-E) and two control conditions (V2 and VB)'
Stimulus Items Response Items
A B c D E v, Yy A-E V=V,

FAN AFN AFN HAIL WUB CAT
" TAN ATN ATN - SNOW KEZ“" ICE
PAN APN PNA ICE JID - ARM
CAN ACN CNA SLEET DAQ RUG
VAN AVN NVA RAIN WOJ SKY
MAN AMN NMA FOG ZEG GUN

ac<aQduas
BN RGN
o I R

for both stimuli and responses. The same responses were used for the

remaining conditions and, where the stimmli contained the consonants
’ from the first condition, the same S§-R pairings were maintained.

Condition B used the critical consonants.from A but added the letters
» o "AN" creatipg fhree-letter words of the form " AN". Condition C

used the " _AN" stimuli but rearranged the order of the letters in the

stimuli to the form "A N" so that the critical consonant was sur-

rounded by a constart mairix., Condition D used three different

-— -
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‘differences would result from the change in response lettzrs.
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arrangenents of the " AN" stimuli in order to vary the position oc-

. cupied.by the crit;cal consonanto' The  1ast condition designed for

this stuéy, E, used stimuli which were conceptually similar, all
being instances of "weather" or kinds of preéipitation.,

Condition A was designed to evaluate the use of strategieé in
Condition B, C, and D, gll of which maintained a high degree of for-.
mal similarity with aﬁparent meaningfulness  varied. .(The term
"aﬁparént ﬁeaningfulness" is used to indicate that no direct evalua-
tion of the meaningfulneés oé these items was attempted. However,
they are not directly recognizable as words, being anagrams, and
Condition D is assumed to be lower ia “apparent meaningfulness”
since the form of the anagram is varied among the stimuli.) Condi-
tioh.A functioned, therefore, as a control for formal similarity.

The other two control condltlons consisted of three-letter
nouns (Condmtlon V ') or trigrams with low Glaze's values (Condltlon
V ) as stimuli with consonants for responses. Different respounse

lettersz reflect the fact that these conditions were taken from a

- previous study as noted above.‘ There is no reason to suspect that

The

stimuli in these two conditious were considered to be of low intra-

list similarity both }ormally and conceptually.

3., Procedure. The recall form of a paired-associate learning

paradigm was used. -iil stimuli and responses were presented by an
sutomatically controlled slide projector. Ten learning trials,

wheré both S and R were presented, alternated with 10 test trials,

where only S was shown, for a total of 20 trials. Six random orders
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were used; the learning trial orders were aifferent from test trial
orders. During the learning trials, 8 was on for 2.5 sec followed
i@médiateiy ﬁy R for:éo5 seé, Qith‘an inter-pair interval of 5.5 52C,
and an inter-trigl intérva; of 10 sec. During ége test tpials, S
appeared for 2.5,s§c with an{inter-itegﬂinterval of 5.Srsec to allow

the subject to write down the response in booklets provided.

k. Results and Discussion. The results obtained for the five

experimental conditions from grades &, 5, and 6 are summarized in
- Table 11.2 along with the data from the two coﬁtrol conditions.
Table 11.2. Means and standard deviafions of the number of correct

responses for five experimental and. two control conditions, by
grades. .

Conditions _ Grades
4 5 6

A X 43,53 30.80 45,29

SD 15.14 18.45 13.55

B X 31.63 38.59 39.12

SD 13,46 13.66 15.01

c X 16.29 19.29 28.88

8D 12.89 13.15 14,74

D X 15,43 12.49 16.51

sD 10.21 8.28  '10.72

E B SR 26.12  33.98°  40.86
SD 12,47  13.09 13.21 .

A Z 23,23  25.92 29.82

' S 12.20 12.85 = 12.62
V5 X s .02 0 bbb

SD 12,90  1h.bo §.68




; | “_'i%benditions E, G, zmd D are compared, information is obtained
concerning thé effect 0f changes in apparent meaningfulness holding
fbrméi intralist similarity constant. The sumﬁary of the analysis !
of variance of these three conditicus across the three grades is
'presented in Table 11.3. As indicated tkers, conditions and grades
as well as .the interaction were significant sources of variance.
The Scheffe procedure (Winer, 1962) was used to examine thé
differences between selected means. This is a very conservative

test, especially when cell frequencies are equal. To be even more

~

cautious in interpretation, the 1% level of significance was used for
such comparisons. All differences described as significant are at {

. that level unless otherwise stated.

TPable 1l.3. Summary of the anmalysis of variance for Conditions B,
C, and D and three grades.

T3
Source daf MS F

' ' ~ Conditions (C) 2 18775.08 117.62%*

Grades. (G) 2 1974.12 12.37**
. CxG b 671.31 L,20**

Within 50 159,63

** p < .0Ol.

N Because of the significant interaction between grades and condi-
’ - tions, an analysis of the simple effects was necessary. The Scheffe.
. procedure showed that the significant interaction can be attributed
'f% to the performance of grade 6 on Condition C. This is illuetrated
' . in Figure 11.1. The three grades did not differ significantly on
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Conditions B and D, but grade 6 was significantly better than grade 4
on Condition C. The three conditions showed the same rank order of
performance in the three grades; however, Condition B was signifi-

cantly better than both C and D in grades 4 and 5. Ia grade 6, per-

formance on B and C were not different statistically while both were
significantly better than D.

The comparison of these conditions suggests that letter duplica;
tion has less effect when the stimuli are meaningfﬁl words than when
the stimuli are apparently nonmeaningful sets of letters. This is
consistent with findings concerning adult performance on tasks where
the.stimuli exhibit high formal similarity and are either words or
low meaningful trigrams (Underwood, persoral communication). The
performance of the three grades on Condition C suggeéts that the
ability to detect the critical element or tg ignore the non-critical
interfering elements increases with age or experience when éhe stim-
uli are of a constant form which facilitates such recognition. How-
ever, performance is uniformly poor in Condition D where the position
of the critical element varied.

Further information is obtained concerning the ability to attend
to only the critical aspects of the stimulus if Gondations A, C, and
D are compared. Analysis of vériapce of these three conditiqﬁs

across the three grades showed that conditions, grades, and the in-

teraction are significant as indicated in Table 1ll.,4. The major

[

source of the interaction is the reversal of grades 4 and 5 on Condi-
tion A, illustrated in Figuré 11.2. The Scheffe analysis of simple

effects showed that grades 4 and 6 performed similarly on Condition A
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" Table 1l.4. Sumnary of the analysis of variance for Conditions A,
&y and D and three grades.

Source df MS F
Conditions (C) 2 25778.52 145,20+
Grades (G) 2 3366.20 18.97%%
CxG 4 1123,54 6.33**
Within k50 177.Lk3

* p < .01,

both being significantly better than grade 5. Orn Condition C only
grades 4 and 6 were significantly different while no differences
were found among the three grades on Condition D. When the perform-
ance on conditions within each grade is examined, the same rank
order is found with A being highest, and D lowest. The differences
between C and D in grade 4 were not significant but both were'sig-
nificantly poorer than Con&ition A. For the fifth grade, only the
difference between A and D was significant, while each condition
-was statistically different from the other in grade 6.

These findings suggest that subjects of this age level and ex-

perience'are essentially unable to identify critical stimulus éues

which are surrounded by the same letters. Post-experimental inquiry

supports the éonclusion that all elements of the.stimulus were at-
tended to. subjecfs never reported isolating ohly the relevant
cﬁes, aithough'%heyirecognized that two of the letters were the
éamé in all the stimuli. Ko‘reports were obtained to suggeét that

the stimulus elements were rearranged to form meaningful units
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although all were anagrams of familiar words.

P i Yeny ¢ W g g

A compariscn between Condition A and the control Condition V

3

e ewras k-

provides evidence concernir; the effectiveness of words versus

single letters as stimuli. It might be expected that lack of dif-

— 45 - -

ferentiation Bétween the classes of stimulus and response items in
Condition A wowld produce interference in the form of response
errors due to.stimulus intrusions. The summary of the analysis of
varganée, given in Table_ll.5; shows no significant difference due
to conditioné; however, a significant grade effect and a grade by
condition interaction were obtained. Examining individual compari-
sons by the Scheffe method, grade 5 was identified as the source of

Table 11.5. Summary of the analysis of variance for Conditions A
and V, and three grades.

3

Source af MS F
Condi+ions {C) 1 : 15.11 .08
Grades (G) 2 ~ 2 2318.36 1L ,67**
Cxg@G 2 1453,20 7.30%*
Within 300 198.98
- ** p< .0L.

both significant effects, being significantly lower on Condition A
than either grades 4 or 6 which do not differ. These are shown in
Figure 11l.3. 7o other significant differences are obtained inm all

possible comparisons.

Conditions C, D, and V2 vary formal similarity while keeping

the meaningfuiness of the stimulus items low. The summary of this
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apralysis of variance, presented in Table 11.5, shows that grades and
conditions are significant sources of variance (p < .01) while the

interaction of the two is significant only at the 5% level.

Table 11.6. Summary of the analysis cf variance for Conditions C,

D, and V2 and three grades.

ANy
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sSource daf MS F
Conditions (C) 2 5116.256 34,972
Grades (G) 2 2052, 1+t 14,03%2
Cx@G 4 Lo 4h 3,10%
Within 450 146.31

** p < .01, -
* p < .05,

conservative approach has already been adopted, the latter is con-
sidered not significant. A Scheffe aralysis of the main effects
showed that the three conditions are significantly different from
one another witi V2 being the best and Condition D the poorest. As
for the grades, nc difference is found between grades 4 and 5 but
both are significantly poorer than grade 6. These results, pre-
sented graphically in Figure 11.4, suggest that, with low meaningful
stimuli, intralist similarity produces a significant decrement in
performance. This decrement is even greater as the distinguishing
elements of the stimuli become more ogscure.

The 2ffect of different kinds of intralist similarity wita
highly meaningful material can be assessed by analyzing the data for

Conditions B, E, and V3. Condition B represents high formal similarity
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while B introduces conceptual similarity among the stimuli. Table

11.7 presents the summary of the analysis of variance and shows that

e - only the two main effects were significant, Figure 11,5 (p. 170)

porirays the relationships among the conrditions and grades.

Ei" Table 11.7. Summary of the analysis of variance for Conditions B,
- B, and V3 and three grades.

St N
ey oo

ORI

Source ar MS F

; Conditions (C) 2 1277.38 7.49**
- Grades {G) 2 4231 .46 2L, 81**
. CxG i 309.86 1.82
7:' Within 450 170.58

3% p < .0L.

The Scheffe nrocedure was used to evaluate comparisons of coz-
) ditions and grades and showed that VB was superior to E while B did
not differ from either. The differences among the three grades were
z all statistically significant with grade 6 performing best and

grade 4 the poorest. The results suggest that both formel and con-
ceptual similarity interfere with performance, the latter producing
perhape a greater effect. However, the lists in Conditions B and E
differed according to word frequency measures with the councepiual
list being lower in this regard. Performance on Condition E may

v

reflect this factor as well as the similarity dimension.

Evidence bas been presented which suggests that the ability to
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g
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attexnd to specific aspects of a stimulus increasez with age or ex-

perience. The significantly poorer performance of the fifth grade
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on Condition 4 as compared with grades 4 and 6 may reflect a transi-
tion in the learning process at this level. Grade 4 subjects may
have little difficulty wsth the task because much of their experi-
ence involves isolated letters and rote learning. By the sixth
grade, it may be assumed that subjects are now responding to meaning-
ful words, having well-developed reading skills. They sheuld also
have mastered several ways of learning and demonstirate greater flexi-
bility in a learning situation. With this combination of skills,
they may leacn the S-R pairs of Condition A by making words of them.
The fifth grade then may be viewed as being in the process of chang-
ing from a rote approach to the eatire stimulus as demonsirated by
fourth=graders tc a selective approach emphasizing verbal skills as

suggested by tke performance of sixth-graders.

1. Introduction. The Tirst experimert suggested that the
ability to ignore aspects of the stimulus ificreases with age.
Fourth-grade subjects performed poorer than those in grades 5 and 6
in those conditions where selective attention to portions of the
stimulus woulid facilitate stimulus differentiation. These findings
are consistent with the fact that younger children are usually des-
cribed as being stimulus-bound (Cunningham, 1965).

It was hypothesized that fourth-grade children attend to all
aspects of the stimulus situation, being unable to ignore those

parts which are either irrelevant or interfering. Therefore, as the

proportion of similar stimulus elements increases, performance of

mpans ™ g

e
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these subjects should be debilitated to a greater extent than per-
formance of older children. In order to test this hypothesis,
Condition B from Experiment 1 was replicated with the addition of

ap auditory dimension. The stimuli in this condition are similar

\d
R i e e L Tt st i fpevmnimmmy ¢

in spelling and in pronunciation while being higkly dissimilar in
meaning. It was predicted that the addition of pronunciation would

increase similarity among the stimuli résulting in significantly

poorer performance by fourth-grade subjects with a decreasing ef-
fect on fifth- and sixth-grade performance when compared to the
control condition.

2. Subjects. One hundreé'and forty-four additional subjects
from grades 4, 5, and 6 were tested with the modified material.
Only one classroom was available for the sixth grade; two classes

each were pooled for grades 4 and 5 aud randomly reduced to 51.

5« Procedure. The same procedure as described in Experiment 1

was followed. The only change was the addition of the auditory di-

mension by use of a tape recorder. The stimuli were always pre-

sented bimodally, the resporses (during the learning trials) were

presented only visually. The onset of the auditory and visual pre-

sentation of the stimuli was synchronized.

4, Results and Discussion. The data obtained from tkis ex-

periment (Condition B') are presented along with the data from Condi-
tion B of Experiment 1 (the control condition) in Table 11.8 and
Figure 11,.6. Anglysis of variance of the results confirmed what is

apparent by examining the means. As shown in Table 11.9, a signifi-

cant differemce due to grades was obtained and the interaction of
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~ Table 11.8. Means and standurd deviations of the number of correct %
'responses for Condition B! and B by three grades. %
2
2 = - ﬁ
Conditions . Grades
i 5 6
B! X 37.45 34,80 43,38
8D 12.68 12,56 - 11603
N 51 51 2
B X - 31.63 38.59 39.12
SD 13.46 13.66 15,02
N 51 _ 51 51

grades and conditions was alsc significant, but at a lower level

{p < .05). Conditions themselves, nowever, did not differ. 'he

0 A A LA DR A T Y A YRS LTI

source of the interaciion is the relatively low performance of
grade 5 on Condition B' as compared tc the other grades on this con-

dition or as compared to the performance of this grade on the coutrol

conditiocn.

Teble 11.9. Summary of the analysis of wvariauce for Conditions B!
and B and three grades,

Souvrce af S ¥

Grades (G) 2 1156.13 6,65%% ;
Conditions {(C) 1 324,62 1.87 |
Gx¢C e 655,40 Be77*

Within 291 173,78

** p < 01,
21 < 05
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The results of Expsximent 2 1lexd to the rejsction o the hypoth-

esis that fourth-grade subjects are unadblie to szlectively attend to

¥
.
g

stimuli, The addition of pronurnciation, in fact, significantly im-

=

v

proved performance in grade & (% = 2.25; d4f = 100; » < .05) implying,

perbaps, that implicit pronanciatior did not accompany the stimuli

in Ccndition B, Interestingly, the transitional role of the learning !

Jo e Wk MR NI SRR NG

process in the fifth grade was again demonstrated; this grade ap-

parently was more disturbed by the increased similarity of Condi-

tion B! than was the lower grade, .

ks, e e
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This study was designed with the broad purpose of investigating

§ i D. Summary and Conclusions
the effects of formal and conceptual similarity among stimuli upon 1
paired-assgociate learning with grade-school children as subjects.
% ! - The results show that childrena respond to similarity ir much the same
manrer as do adulis, Contrary to Keppel’s expectations, and to the
aypotreseas tested hzre, formal intralist aimilarity does not seem to
g' be the paramoupt factor in determining the performance of children.
; _ As the meaningfulness of the stimnli increased, kolding formal simi-
1 iarity comstant, the performrance of the children improved. Wiih
stimull clessified 28 low in meaningfulness, formal sipilarity inter-
fered with performance. Both these fiadings are consistent with
adult performance. In addition, there is smome evidence sﬁggesting
o

the conceptual similarity ameng sitimuli may produce more interference

than does formal similarity. However, the iwo lisis of stimuli dif- -
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performance, At present, it is more conservative %o atiribute the
difference in performance to the word-frequency factor urtil further
information is available, If the finding is ast an artifact. %his
.is further evidence for the conclusion that children and adults res-
pond‘alike to the dimensioqs of intralist gimilarity.

One asfect which distinguishes the performance of children and
adults is the inferred use of stratégies in learning the task., Chil-
dren rot canly are lesé practiced in éhis beaavior, out they seem %o
Lave fewer strategies availa‘c;lec There is every indication that the
major eppreach used by fourth-grade subjects is one invciving rote
-learning. The sixth grade may be employing adult strategies; e.g.,
using verbal skills and exhibiting less rigidity in its approach to
tasks. These changes in strategies are inferred mainly becaus. of
the poor performance ot the fifth grade as compared to either.of the
other two grades. Since a continuum of performance across grades
was not obtained, it was conjectured that the fifth grade may repre-
sent a change in the mode of attack used by children. They may be
in the process of discarding old learning techniques and replacing
them with new omes, but are not practiced in the application of
these as yet. Consequently, a drop in performance is shown by this
grade when compared with the grades éboye and below it. This view
of the child's abilities is ccnsistent with Piaget's {1957) apalysis

of the develcpment of intelligence,
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Fxperiment XIY
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Imarring as a Fuactior of Aundio-Frequency Differences
and of Ongpitive Restructuring of the Task

AN

L

s

AED”RA 00T, Fourth- and sixth-grade subjects were initially
tes*eﬁ with two paired-associate tasks which differed only
» ¢he frequency intervals among stimulus items., Stimuli
weve 1/% octave bands of noise It was concluded that no
gifferences irn psvformance couid be detected as .a function
of thege dintralist variations. In addition, fourth-grade
subjects were tested under conditicns which restructured
the learning task by empazsizing frequency differences as
suchk, using the same stimuli. Significant increases in
performanse were found with modifications of the task, a
finding which has implications for the methods and criteria
ugsed for auditory training of hearing-handicapped children.

AN SR MOR KL DA W IR e

4 ERALPAR SO
S :

A, Introduction

In Part I (Gaeth, 1963) = number of cross-modality comparisons
were made; ji.e., auditory versus visuzl presentation of classes of
material. The three classes of materisls were nouns, consonant-
vowel-consonant trigrams, and nonverbal materials. Modified elec-
trical gymbols were uced as nonverbelil visﬁal materials; sounds dif-
fevent in frequency and modulaiion were auditory materials. A4
problem arose in the ixterpretation ¢f the nonverbal comparisons
which was not faced in tﬁe two clasées of verbal materials. That
iz, no independert assessmenr of imherent list difficulty could be
made in that there were no comon parameiers by which the two types
of nponverbal material couid be compared.

Thir evperiment was desigped initially to explore a hypothe-
sized rsilatioaship between pﬂysical parameters and ease of learning,

Ono-third octave bands of noise were used as stimuli in paired-
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associate tasks. Two experimental conditions were generated om the
assﬁmption thét bhangeg in inter-stimulus frequency Jdistances between
learﬁing tasks might be reflected in differences in performance in
the same manner that the Tformal intralist similarity ;f.verbal stim-
uli correlates with lcarning (Experiment XI).

As the initial exaﬁination cf the resuvltr progreésed, if became
evident that two'thipgs were occurring. The geﬁeral level oé.per~
formance was far below that to be expected with nonverbal auditory
stimuli, Secondly, neither the hypothesized felationship-nor any re-
lationship between inter-stimulus distances and learning was appear-
ing. These facts led to the generation of two additional experimen-
tal conditions which represented modifications of the first two. The
test trials were not altered. Only the learning trials and the res-
ponses were altered to provide the subject with an opportunity %o
make direct comparisons of differences among stimuli. These changes
were predicated on the assumption that the subjecis did noi have
available a ready set of cognitive structures within which to mani-
pulate the rather novel stimuli in the original conditionms.

In other words, it was assumed that the initial low performance
was not due to any lack of recognition of the differences among the
stimuli but was a product of an inability to organize the material
for efficient recall. This assumption was tested by the modified con-

ditions which provided structure in the form of "aachor points" for

the range of stimuli.

foasiej (TS tgrminns VI

Voo

TR

o

QYA
s, |

STR Aetsonts

T T T A AT L D S S T T e S R L S R O S B

*

T

o

N
i

.

i

e




'-.0' g o oo

o e ——

176

B. Experimental Procedures

1. Subjects. A total of 378 studeuts from the fourth and
sixth grades from the Archdiocese of Detroit School System served as
subjects.

2, Materials. Stimulus items were generated from a white

noise produced by an Allison 21b audiometer =2rd filtered throughk a

Briel & Kjaer 2112 audio-frequency spectrometer., Conditions 1A and g

1B used 1,3 octave bands of noise centered at 630, 800, 1000, 1250,

1600, 2000 Hz. These are 1/3 octave apart, re 1000 Hz. Conditions
2A and 2B used 1/3 octave bands, 2/3 octave apert. These were cen-

tered at 200, 630, 1000, 1600, 2500, and 4000 Hz.

T R SR

The responses were the letters H, I, M, P, Q, and X for Condi-
tions 1A ard 2A. The responses were assigned in sequence to the six

stimuli, H to the lowest and X to the highest. However, the subjects

were not inforﬁed of this relationship nor did any indicates aware-
ness of it during the testing.

For Conditions 1B and 2B. the set of stimuli were the same as
for the corresponding "AY conditions. The set of responses; however,
were the numbers 1 through 6, assigned by the subject to correspond
to the ordinal relationships among the stimuli with 1 assigned to
the lowest and 6 to the highest band of noise.

3., Procedure. For Conditions 1A and 24, standard paired-

associate procedures were used. Stimuli were randomly presented
i

during the 10 learning trials as well as the 10 test trials. Three

differernt orders were used for each; learning and test trials did

not duplicate one znother. During a learning trial the stimulus
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. items were presented for sec followed by a 3 sec period durin £
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. l% which the response was given once. On a test trial 3 sec were al- L“
: Ei 3
3 B3
3 . o . 3
ﬁk lotted for recording of a response in the test booklet. i%
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- In all learning trials of the "B" conditions the six stimuli g
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s b4 were presented in an ordinal manner, from highest frequency band tc §
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lowest or vice versa. The two sequences were alternated. No res-

o

ponse was given but subjects were instructed to covertly assign

-

¥

numbers to the stimuli corresponding to their rank. The examiner
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orally assigned the ranks on the first few learning trials to aid

y

i

the subjects. No alteration was made of the test trials; i.e., the
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same random orders as in the previous corditions were used. During
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a test trial the snﬁject was asked to respond with the rank, 1

through 6, of the test stimulus when presented. The Ampex-Fisher

a%@ﬁﬁ&m
TN

: : speaker system was used to present the conditiomns.
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2
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C. Results and Discussion
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The mean correct responses, standard deviations, and sampie
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2. sizes for the four conditions .and two grades used in this experiment

T
iy

ot w2 ‘!%zu o

ST

will be found in Tzble 12.2.
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A test for differences between "1" and "2" conditions indicated

ARRA
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ne significant ones (all t values were less than 1). Thus, the con-

YA

Aysean
B

. ditions were pooled over frequency differences but not over grades

arcarmnrt X 31

or procedural differences. This finding was somewhat startling in

IR P SR

view of the fact that the frequency span of the "1" conditions was
| i
‘ . 1370 Hz while that of the "2' conditioans was 3600 Hz. 1I% would seem

g j that the stimuli in Condition 1 were already spaéed sufficiently i
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_Pable 12.1. Means and standard deviations of the nu :mber of correct
responses, by conditions and grades, as well as pooled valves for

grades. A
!
Conditions Grades |
4 W 6 &t ;
1A ) X 11.49 15.22
SD 7.46 6.61 ;
N 71 11.15 64 15.67 %
_ 7.04 7.58
24 X 10.31 100 15,98 157
SD 5,90 8.08
N 29 93
1B X 17.75 |
- 8D 7.83 ,
N &0 18.24 g
i - 7673 \x
1 2B X 19.20 121 |
| SD 7.53 |
N L3 ‘
{
!
|

# A or B conditions pooled by grade level.

apart such that additional separation of stimuli Gid not facilitate

discrimination, and hence, performance.

After examination of the A conditions, the B conditions were
generated, This was done to determine if performance could be ,
facilitated to the level attained in the “Al" conditions of Part 1 %
of this project. In that earlier work, mean performance in the "Al" i

conditions was on the order of 20 correct responses for 10 trials
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for fourth-grade subjects. A cursory exanination of Table 12.1 in-
dicatesr that performance in the present experiment was below the g

previous results. This discrzpancy is most likely due to the highly
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distinctive stimuli used ain the earlier work. Al stimuli differed

{‘«r’*-(? AL

+ "
[T - X

- | along many dimensions while the stimuli in the present study dif- %;

. - A
f,%i fered only along the dimension of frequency. As can be seen in é
.%5 Table 12.1, the B conditions produced a performance level of 18.24 %
%é which compared favorably with the mean of 20.40 for the fourth grade %

h )

% with "Al" condition in Part I, These alterations in the procedure i

{ & provided significant improvemenf in performance in the fourth grade

Ui
PN TR O

{(z = 7.14; p < .005). Ahs an alternate comparison, the fourth-grade

B conditions were significauntly better than the sixth-grade A condi-

tions (z = 2.07; p < .05).

To review, the B conditions provided two aids for the subject
to use in learning which were not available in the A conditions.

First; the presentation of the stimuli to be learned in an "A" ccn-

e T R T T

dition was random and, in our persozal experience, rather chaotic.
While it was apparent that the tonal characteristic was éhanging,

it was difficult to provide structure among the items to be learned.
The B conditions provided for the orderly presentation of materials
such that direct comparisons could be made among adjacént stimuli.
The second change provided for an orderly relation between stimuli

and responses., £As mentioned before, while there was a relation

between the alphabetical sequence of the letter responses and the

frequency order of the stimuli, no subjects became aware of the re-
lationship, as indicated by pcst-experimental inquiries. The use of
numbers, on the othér hand, provided for a more direct sitimulus-to-
response relationship and requireca that the subject manipulate the

relationship during learning. He could not passively accept the

[ ,,_7 - tog. _ Y, 1
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response provided by the apparatus since the apparatus provided none.
It should be recalled that the test trials remained the same in

botp A and B conditiors and that no tenable argument can be made (in

our opinion) that a set of letters is more available than a set of

numbers.

D. Summary and Conclusions

This study was designed to determine the relationship between
learning and inter-stimulus differences. It further explored the
effect of structuring the task upon performance. The resqlts indi-
cate that the former had little effect and thé 1a£tef, a great effect
upon learning.

it seems clear that the inter-stimulus differences employed in
this particular study do not allow the descripticn of performance as
a function of intralist similarity, as has been demonstrated with
visual presentations of alphabet materials (Experiment XI). More
exciting is the fact that parameters unrelated to the physical as-
pects of the stimuli were manipulated with a dramatic facilitation
of performance. This orientation, of trying to facilitate learning
of a particular set of materials, is fairly ncvel in th; field of
verbal learning. Previously, the emphasis was placed on rating'ma-
terials as a function of other parameters, such as association value,

Up to this point, the present series of experiments has explored
association value per se, formal similarity, pronounceableness,
medality, and meaningfulness as a priori indices of learning perform-

ance. In some cases, notably pronounceableness and ''qualitative"
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meaningfulness (trigrams versus nouns), clear cases werz made for the

predictability of performance. On the other hand, "quantitative"

meaningfulness, association values, did not prove to be a suitable

T

4 Piis-ddnianal M tufiaguat | *tans "
Bfwlte e LD R lr B A

predictor. Modality has been shown to be dependent upon the nature
of the materials; some materials canrot be communicated by either

channel without change. In addition, modality seems to interact

PAVaai L Lain

with grade level (Cooper and Gaeth, in press; Gaeth, 1960; 1963; Day

and Beach, 1950). Formal similarity has proved useful although there

QLA 2o

are clear indications that the degree to which the subject is able to

structure and abstract from the stimulation is a relevant factor.

This experiment attempted to define the inter-stimulus differences

which would allow description of auditory material in terms of for-
mal similarity. As in thé case of Experiment XI, it was inferred
that the subject's ability to structure and abstract was playing an
important part in performance. With modifications which facilitate
structuring and abstraction, concomitant increases in performance
were noted.

It seems clear that the problem faced by the subject is less
one of adjusting to increasing similarity among stimuli than it is of
selecting relevant parameters and fixing these into some sort of
properly indexed memory file. The B conditions succecsfully created
such a system of sorting and filing. The implication for teaching
the hearing-handicapped may be tenuous but it is suggested that the

dominant aspect of providing amplification for the hearing-hardicapped

X

child is his ability to handle the influx of novel stimulation.

gt FORIDCTPON,

From the data it may be inferred that questions concerning the manner
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in which mevel stimulation is introduced are more important than the

P Gap T s ks gy
e ‘? (o

question of whether amplification should be used to provide the

hearing-handicapped child with suditory stimulation.
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Meaning and & Context of Utility
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ABSTRACT. An attempt was made to separate conceptually
the constructs '"meaningfulness" and "meaning'", the first
being related to traditional indices of associative
"strength, the second to the occurrence of a "context of
utilit;". The experimen“al condition consisted of in-
structions designed to create such a "context of utility"
by placing number-CVC pairs in a foreign language context
such that the CVC was the name or label for the number in
that language. Subjects were fourth-, fifth-, and sixth-
grade students. Homogeneous lists of low, medium, and
high association-value CVCs were learned under experimen-
tal or control (standard paired-associate) instructicns

by different groups of subjects from each grade. Results
indicated that the experimental condition facilitated per-
formance for the medium, but not the low or high associa-
tion-value lists. Significant conditions x grades and
grades x lists interactions were discussed in terms of hy-
pothesized developmental changes in the language context
of subjects at different grade levels.,
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A, Introductidn

Numerous attempts have been made to relate meaningfulness to
such things as association value, frequency of occurrence, and pro-
nounceableness (c.f., Underwocd and Schulz, 1960). Such formula-
tions of the comstruct of meaningfulness have been fruitful ia the
sence that they allow some degree of empirical predictability.

In the traditional framework, association value, frequency, and
pronounceableness are considered indices of prior processes neces-
sary to produce stable associations. Association value is taken as
a rough index of number of associates to a tern and this is then re-
lated to the probability that a stimulus and response can be hooked

together, either directly or through some mediational chaining pro-
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- cess. Frequency of occurrence is usually thought to increase the

L probability of the term througnh ths integration of letters or other
units, presumably reflecting still another associative process.,
Thus, it can be seer that "meaningfulness", as traditionally con-
sidered, is » general label for the occurrence of learning {associ-
ative) processes pricr to the specific learning task at hand. Con-
sidered in this manner, the manipulation of "meaningfulness! in a

learning task is the provision of warious degrees of prior learning.

It can be seen that the traditional indices of "meaningfuiness"

are neither completely separable from each other nor from the learn-
ing process they are used to explore. Further, some confusion
between the conceptual and operational status of indices is reflected
in the language of some theorists. As Johnson (1962) has pointed

out, the construct "M" used by Underwood and Schulz (1960) is used

interchangeably to denote both meaningfulness and association value.

» In general, the variable hypothetically related to meaningfulness

has only one criterion for acceptance: demonstrated change in learn-

ing with manipulafion of the variable. Thus, Underwood and Schulz
(1960), after manipulating frequency in several lists and finding no
- relationship to learning, temporarily ban-frequency from "M", say-
o ing "the apparent causal status of M derives from a certain amount

LR of covariation with pfonounciability...." (p. 192).

oo ' It is here proposed that two constructs, "meaning" and "mean-
ingfulness", be distinguished, wi.th "meaningfulness" restricted
specifically to indices of prior learning which correlate with pre-

e sent learning situations. So considered, "meaningfulness" has a

v S —
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conceptual status different from learning only on the time dimension.
It would seem that if a comstruct "meaning" is to have a

conceptual status different from lezarning, the relationship of some

variable to learning must be considered necessary but not sufficient
for inclusion in the construct. Similarly, the failure of one opera-
tional definition of a variable to relate to learning cannot be con-
sidered sufficient grounds to exclude that variable from the con-
struct of "meaning". The definition of the units of variables re-
lated to meaning and learning is of crucial importance in this re-
gard. The attempt of Underwood and Schulz (1960) to define the unit
as wriiten frequency of single-letter occurrence failed to relate to
learning and on this 5asis was rejected from the comstruct "M".
However, as Johnson (1962) has demonstpéted, frequency is ar impor.
tant variable when the unit is re-defined to be the frequency with
which trigrams appear as syllables of English speech.

The purpose of the present study is to explore the possibility
that '"meaning", if it is anything other than some kind of vprevious
learning as indexed by association value, frequency, or pronounceable=-
ness, is the occurrence of a context of utility. By context of
utility is meant a frame of rgference or field in which parts are or-
ganized, difierentiated, and integrated, providing the poténtial for
useful response. Language provides such a context of utility through

. gramma.ical and syntactical structure and tkrough the "“reference
function" of words py which a label refers to and symbolically stands
for the thing. Experimental work of Ladefoged and Broadbent (1960)

appears relevant in this regard. Using various sequences of auditory
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stimuli, thesz authors present evidence that auditory stimuli are

grouped for response rather than recognizing each successive sound

N ‘M?f;’g AR AR et rosetr A g

simultaneously. They also suggest that the subject attends to that
class of stimuli which he estimates has a high probability 'that

some member of the class is about to occur which will convey infor-

&

mation essential for a response!. This seems to be indirect evidence

that context cannot be ignored in the definition of the response unit

and that utiiity is important in the provision of context.

aﬂt In operational terms, these concepts were experimentally applied
' through the provision of instructicans @esigned to place a paired-

associate task within an established language context having utility

for communication. Specifically, experimental subjects received in-

3 etructions designed to make the task the learning of an organized

S-R unit reflecting numerical and verbal equality in a foreign lan-
gaage.‘ Numbers and their verbal labels are presumed to have utility
o for all subjects, and by providing the relevant instructional set;

2 it is hypothesized tnat 2 context of utility will be formed whereby

o
the iask is not taken primarily as formation of "connections" or

. . "associations" between separate or isolated components, but the reli-
able recall of two organized parts within a stable whole having
utility for the'érganism. Comparison of experimental groups with
contrel groups who received standard paired-associate instructions

is expected to indicate superior performancé for the experimental

R Eroups.
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% 1. Materials. Three lists of five S-R pairs were used. These 5
2 R AL SCE L] )
lists were drawn from the extremes and midpoint of a set of seven 7
» : 5
such lists originally constructed to systematically explore the re- i

lationship between association value and learning {Experiment IX).

.
[ T e AR

Stimulus materials did not vary for all lists, consisting of the nunm-

|
N i B, Experimental Procedures
|
|
|
|
|

! bers -4 through 8. Responses were nonsens¢ syllables selected from .
] fourth- to sixth-grade norms of 100 of Archerts (1960) CVC trigrams. -i
1 The collection of these norms is described in detail in Experiment i
VII. The thres lists used spanned 10% ranges of these fourth- to ;
\ sixth-grade norms from 16-25% (low), 46-55% {(medium), and 76-85%
; {high) association values. Table 13.1 gives the response items and
\
| association values for these lists. Letter duplication within a
\
list was minimized, only one vowel being duplicated in each list. !
2. Subjects. . Subjects were four%h-, fifth-, and sixtk-grade o
students from the Archdiocese of Detroit School System. They were :
tested in classroom groups. For the fourth and fifth grades, at
Table 13.1. Response item lists and association values from B
) grade L4-6 norms.
\"’v g “-r‘
M Association Value Range ’ N
E Low Medium High %}é
B 2 B
E L¥X 16 BIF 46 GAN 77 !
5 - DAQ 17 ZOT b MUF 78 i
§IJ 19 CUx 51 DOR 81 é}% L
o VAF 23 NEV 53 JAZ 83 &
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least two groups were.tested for each condition. Saupie sizes were

~ - - . -

randomly: reduced to 2qual N within each grade .to fqéilitate statis-

- - -~

tical-analyses. Total'subjecpé numbered 501,

. 3. "Procedure. ‘Phe paired-associate lists were. presented visu-

.ally on a screen, projected from a Tel-n-See machine. Alternate
learnirg and test trials were giver for 10 trials. During learning

%rials’thé‘stimu;us aﬁpegred for 2.5‘sec immediately folioﬁed by %he
response for 2.5 sec. The interéfair interval ﬁas.Z.S sec. During
test trials the’stimulus appeared for 2,5,sec and 5 sec were allowed
to write the response in.test booklé@s. !

These'parémeters are_exactlf the same, as are the mg?erialé, as
those used in Experimen? IX. Cérresponding conditions frdm that
study provided data for "coatrol" conditions, in that tkhe cnly pro-
cedural srence between the two seté of data is in the in;truc-
tions. Standard paired-associate instructions were given to control
groups, irom Expérimeﬁt IX, Subjects in experimental groups.were
also given_theée insfructions, but-prior to this they‘were told:
"We're going to show you some numbers and the names of these numbers
in 2 language ca;led Swabezi. Your task will be to learn what the
names of these numbers are‘in this foreign language." After the
standard paired-associate instructions were‘given and just prior to

“the first-lebrning trial, the experimehter said, "Remember, &ou will
see & number and then the name o¢f that number in Swabezi. You are

'to learn what these names are so that you car write them down in

your booklet on the test times."
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C. : Results and Discussion-
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_ Table 13.2 pressnts the mean performance and standard devia- . ;
tions for experimental and coatrcl .condition at each level of asso- .
ciation value for.the three grades. -

'_Table 13.2. Means and standard geviqtions of the number of correct
responses for the three lists, by conditioms and grades. -
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- Grades Conditions

TN m&ul’lmm.‘ Eﬁﬂ

Asscciation Valug of List °

TS R ST

. ? 1
Lov Medium High % ]
3 , -
4 ExXp. X 18.14 29.80 36.25. . £
SD 11.31 14.16 9.07-
N 6L 6l . 6k
Gon. % 15,41 21.70 26.08
SD 12.1% 11.58 13.48
N 64 6& 6L
5 Exp. X 26.95 34,73 33.13
SD 12.09 10.43 11.15
N 6l 6l 64 -g
- o q
Con. X 23.59 26,39 32.76 74 4
SD 13%.24 8.93 13.08 £
N 64 64 64 2 ‘
6 Exp. X 39.85 - 31.38 23,95 o
’ SD 12.20. 11.6‘.‘ 9.18 =
N 39 . 39 - 39 i
Con. X 33,62 35,82 38.87 3
3D 10,68 10.20 9.81 :
N 39 59 29

i

For clarity, the means in Table 13.2 are presented graphkically

in three figures by grade leyel, Figure

performance of the experimental and control conditions at the three

13.1 {p. 190) presents mean
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Pig. 13.3 Mean correct responses for experinental and control conditions in grade €;
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MEAN CORRECT REBIPONSES

ORADES

.

Fig. 13.4 Hesn correct rcaponaes for expnri-antal aad control conditions acrouu three
ov/ou (-1 4 m-ociééion uluo; hy grudek, -




levels of association value for'vrade L ¥ Figures 13.2 (p.'190) ang

13 3 tp' 191) nresent 31m*1ar data ior orades 5 and 6,‘respect1vely. . & -

: Inspectmon 01 these flgures 1nd; ates dlffetent ef”ects of the ex~ " g. )
‘OE . perlmental eondltlons at the three grade levels. For grade’# g_ f
‘}é . ST _ .(ngure 13. 1) there seems to be a generai fa0111tat1ve effect of? . é’_

M TN _the expérimental over “control coodltlons which increases w1th ifi- . _ : i
i g | . _creas1ng assoclatlon value of th list’learned; For grade 5 (Flgure- A

f; § | . 1%.2), the experimental cond ion appears to FaC111tate performaoce % '§
2 % .at low and medium letels of asspctation value,; but to‘have no effect ‘ § 2

ot - ' w1th the hlgh assoclatlon valie 1i t; Grade 6 (Fiéure 1%.3) reverseé | ':

. the trend of the other two g;ades, w1th the experimental condltion B :
: resulting in a rather conolstert decrement in performance in compa‘-

f? |- ison with the control condition at all 1evels of association value.

These inconsistencies, as well as others in the data in

Table 13.2 are sﬁpported by a three-way analysis of variance sum-

Q

‘marized in Table 13.3. Two of the two-way interactions are statis-

A A
.

tlcally 81gn1f1cant {p < .01) dlsallow1ng any general statement

about the main effect of conditions, grades, or lists.

-

The significant conditions x grades interaction is grarhically

. presented in Figure 13.4 (p. 191). This figure indicates the ex-

’ | | pected trernd for better per;ormance,W1th ﬂncreas1ng grade Tevel‘for
both conditions. However, an analysis of simple effects, summarized
in Table 13%.4, indicates that the effect of grades is eignificant

only for the control condltlon (p < 01). It would seem that the

experlmental condltlon 1ncreased perforuwance priparily in tne fourth

grade, while perhaps reducing performance in the sixth grade, thus
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Conditions (©) 1 .

.- . Grades {G) 2 B6462.2% 43,28** _
o Lists (L) 2 L 6321016 by, o3%* - SN
LT cxe 2 2k17.87 . . 18.07** S

S g # ) . 2 318.82 - 2.38
G x D L 765.52 5.72%%
CxGxL b 268.98. . 2.01
Within Cell o84 133.8% ' '

** p.< 0L, 3 -
p < .05,

-reducing the differences between gradeso This interpretation is sup-
'portbd by the analy51s of the simple effects (Tab]e 13 h3 of cond¢~
t;ons.for each grade. Oﬂly in the fourth grade does the experimental
condition result in a statistically significant (p < .Ol} increase
in ﬁerformance. Altkough the experiméntal condition tends to result

'in a decrease in performance for the sixth grade, this trend is not

>

statistically reliable.

The significant grades x lists interaction is presented graph-
igally in Figure 13.5 {p. 195),. This figure indicates that the ef-

. -

fecé-éf gradeé is greater at low than at medium or high association
value of %he list, thus aqcounfing for the significant interaction.
ﬁoWéveru the'a;alysis of‘siﬁple'effects (Table 13.4) indicates that
;the effect of lists for all grades and 4'he effect of grades for alll
Ilsté are 81gn1f¢cant in all cases (p < .05)

~ -

The nons gnlfluant condltlons x llste interaction indicates a
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| v.§.; _ Table 13.4., Summary of the ana1y515 ‘of <'J.mple effects for tne thvee
:, STRECHEEN two-way 1nteractlons,,-..
g |- o e Sbhﬁbe-f Simple.ﬁffeéts.. . Gf MS F
» _ . .0f COnd:Ltlons for . . _ R '
® - - - -. . - Grade b - .1 1292.66 . . "9.55°% -
- S - . v . -Grade 5’ T 423.59 - 3.16
o © Grade & L1 - 439,17 3.2h
& i - 0f Grades fov , : ‘ ‘
4 ‘ - -Experimental 2 L 230.17 1.7k
i , ‘Control 2 2891.64 21.86**
t . ’ ’
- S 0f Lists for .
; Grade 4 - 2 2795.08 21.13**
- Grade 5 "2 817.49 6.,18**
Grade 6 - 2 416.68 3.15%
E" ) e of Grades for - : L
d Tow A.V, List 2 2978.95 22.52%*
- ) : Medium AQVQ List a 651'!'079 } 4.95*$
Of Conditions for ,
Low A.V, List 1 55.56 241
' "Medium A.V. List 1 869.08 6.41*
High A.V. List 1 181.22° 1.34
,ﬁ Of Lists for . _
> Experimental 2 1519.90 11.49*%*
Control 2 1111.15 8.40**
; %% p < .01.
* p < .05,
‘ trend for the experimental condifion to result in better performance
at all lévels of association value of the lists. The analysis of
'8 gimple effects (Table 13.4) indicates that the effect of conditions
3.5 only significant (p < .05) for the medium association-value 1ist,
Since each point,;é pocled across grades, this finding reflects a
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ASSOCIATION VALUE OF LIS'I‘S

Fig. 13.5 Mean correct responses for grades across ezperl—

mental and control conditions; by levels of assoclatmon value.
tendency for the experimental condition to facilitate performance
with the medium association value for all grades, while at low and
nigh association values the experimental condition tends to have
dlfferent effects for dlfferenu grades, including a tendenc& to de-
bglltate performance in the sixth grade. The ana1y51s of simple ef-’

fects- ("able 13. k) also 1nd1cates a slgnlflcant {endency (p < .01)°

Y~

for performance to 1ncrease wmth ‘increasing association value of’ the _

S

11st for both condltlons. It w111 be recalled that the range of as~
soclatlon values for CVCs in this experlment is 68%. The significant '
effec for association value is in line with the findings of

Experiment 1%,
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= D{ Summary aad ConcluSions 2.
‘ The-Significance of the inf'eract.t.ons obtalneu can only be h:t.ntec. §
G - .. . . N L . ~_. R Pt 3
%i- - at w1th indlrect °Vidence for speculatione. .The 1deas presented bem ) ‘§
Eg‘ ~\-- \ low arP.POSt‘hOCa‘a1th0Lgh ae general phenomena C;n;;;nlng 1apguage 1?

-as an-autonomous field (Vi gotsky, CaSSirer), or as the progreSSion

o
5]
5

SRR

of development thrcugh sensory-motor, to lunctional to abstraot-

s,
(4

4

conceptual 1evels of~organization (Piaget Werner), and the importance

’

of differentiatZUn in learnino {Gibson, 1940 Saitz, l963a), they

are well dom,anent-:—.v1 in the 1iterature. The a priori expectations

~

o
>

were Simply (1) that the creation of a ""context of utility" migh+ be
a greater aid to younger than’ to older ohildren dus to the younger

' child's greater plasticity and 5pontaneitv and to the competition
Witn ‘the clder chi_d's mo e dominant English 1angua0e conceptual

framework, and (2) that as the material to be learned became increas-

4

ingly dike "nonsense" (i.eo, less assimilated to experience in

either sensory or language spheres), the provision of a "content of
utility" would‘be'increasingly effective. These.two expectatione
lead to the predicticnis of (1) a conditions x grades interaction
with increasing effect of the ekperimental condition with decreasing
grade level, {2) a conditions x lists interaction with the oxperimen-
tal condition having increasing effect with decreasing association
value of the list, and (3) no lists x grades interaction, The third
’prediotion would reflect both of these trends, the effect of associ-
ation.value decreasing with increasing grade level while the effect

of the expérimental condition increases in a compensatory fashion

with decreasing gr »de level.
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The pradictlons outllned abovc are only parti& supborted. The
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the fourth grade, - ) - .
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- T The condlt&ons x lists intéraction is not significant§ theré-is

A

no dlffe ‘ence between experlmental and control condltlona for uhe low,
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-

R

- -~

[ 4

~

aSSOClatlon value .12 st where the greatest f30111tat10n was. expecoed.
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The experimental condition does, however, result in-significant

S
R
/

i

&
"
it

fééilitatjpn for the aedium (but not the high) assoéiation«value'
. list, -~ , _
The grades x lists interaction is significant contrary to the.

’

= . prediction. This interaction. was obtained alsc in Experiment IX of

S T e

)

’.‘lk

this report in which seven lists sampling a wide range of association

vaiues were administered with standard paired-associate instructions

YA T

to different~groups in the fourth, fifth, and sixth gradeé. Data

Yoy,

from the middle and two extreme lists are used for the control con;

3 &""{%\:

b

ditions of the present experlment. In general, association value

VOO

was found to make surprisingly little difference.in rerformance, es-

P

Ll
3

pecially in the sixth grade,'but\to have increasing effect with de-

creasing grade-leﬁel. Since this (significant) interaction cannot

M,
o

}

be attributed to differénpes in association value'nérms for the dif-

ferent grades (see Experiment VII) or to the approach of asymptotic

performanceé, more gemeral differences in the subjects at different

g
X

R

grade levels must be sought.

The data can be fit into the pfesent conceptual framework con-

cerning "meaning" in the following mamnner. 3ince the grades x lists

et

5
okl

E;\ w;‘ "

N
NN
S Sk

o
B

Ry
NP
26

£ | Lapltan)
v I
= 5

¢,
1ty q
q HW Y
RN

AR A B R R R R A S R SO e T

i

<



198

interaction occurs within the control condition as previously des-

cribed, it is tentatively suggested that the effect of developmental
- ievei (as indexed by grades) outqeighs the effect of the experimen-

tal attempt to create a "context of utility". It is hypothesized

that the active subject assimilates the learning material to his

dominant context of utility and that these contexts are different

TN st s SONE ot wh TR RTINS SUACTIADITOMN & TNV ), PRy

for subjects in different grades. For sixth-grades students, the

s

context is the English language, and CVCs become syllables in some
form. As syllables, the material in all lists becomes functionally
equivalent in terms of being sub-units to words. Although idiosyn-
cracies as to specific relationships would be considered the rule,
for sixth-graders it is hypothesized that CVCQ in all lists become
English syllables subordinate to, and assimilated to, English words.
Moving toward the fourth grade, however, it is suggested that the
V(s become "nonsense'; that is, nct oriinarily related to anything
in sensory or langwi.;% experience. When forced to relate the CVCs
to somet.ing (as in the collection of association value norms) ,
fourth-grade subjects probably relate them to various things, some
of these things being words, cothers being objects or memories, et
cetera, But the kind of relationship is pfobably.much differeni fox
younger than for older children. In cases where jéunger children

relate the CVCs to words, the similarity is probably on the basis of

1

visual or auditory similarity as such and not subordinate to and as-
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similated to words as in the older children (i.e., physical similari-

f ( ty, not conceptual).
é . ~ Given these speculations, which could be best studied by a
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gualitative analysis of errors, children at different age levels
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'‘have different pre-existing contexts of utility. For older childrer

BA LR

such a context is primarily a language context in which words "stand

A Lt

for". relationships and sensory-motor experience is assimilated %o

o

language. For younger children the context is primaerily one of ac-

tion in which words indicate direction and intensity of movement as

such {(c.f., Piaget; Werner).

Considered in this light, the experimental instructioans provide
a different context for the younger children, a way to "do things"
in another country; i.e., emit names for numbers. In contrast, for
the older children the instructions may be thought to produce a

competing context, a language context incompatible with the dominant

English language context; i.e., a different way to represent rela-

tionships.

This interpretation, of competing language contexts, would ex-

! .- ~ A . R
T D R T P S NS

plain the general tendency for the experimental condition to debili-

eI A

tate performance in the sixth grade while facilitating performance

Q

in the fourth grade. In the fifth grade, the high association value
list might be thought to compete with the language context %hile the
middle.asaociatidh value list is not similar enough to do so.

This does not, however, explain the lack of facilitation by the

experimental conditions of the low association value list for the

fourth and fifth grades (see Figures 13.1 and 13.2, respectively).
Assuming increased conflict with the language system as association

value increases, the effect of the experimental condition should in-
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crease with decreasing association value of the list. This, however,
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does not happen in any grade. Ir the fourth grade {(Figure 13.1) the

difference between-experimental and control conditions increases
with increasing association value of the list; that is, the reverse
of the exzpected relationship. Similarly, the conditions x lists
interaction would be expected to be significant, with the largest
experimental-control difference fcr the lowest association-value
1i§t. As previously indicated, no such difference was found, although
there was a significant experimental-control difference for the medi-
um association-value list,
It is possible to speculate that such relationships occur due
. to the operation of an additional variable, that of response differ-

eutiation. Viewed in this manner, the instructions used would tend

1
-

to pro&uce two partially incompatible results; a "context o

=

utiiity"
in which pairs of things suddenly "go together", but also a context
in thch some of the elements (CVCs) become more alike, a set of
"names for numbers'. It is assumed that parts of the language system
can produce generalization effects (Razran, 1952), without the lan-
guage system as a whole becoming dominant and inflexible., Presuming
that the association-value index of "meaningfulness! includes a res-
ponse differentiation component, with low meaningful CVCs less differ-

entiated than highly meaningful ones,l any loss in differentiation

due to instructions would have a greater decremental effect at low

A Such a hypothesis is testable by putt;ng each CVC in homogene~
ous 11355 of different association value in a distinctive color back- -
ground. Saltz (1963b) has shown this procedure to facilitate per=- 9
formance. The greatest facilitation ohould occur for the 1lst with
«1owest assocaatlon vélue., e x
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than at high association value. Within this framework, the effect of
instructions for the younger children woyld be to reduce differentia-
tion below & critical level in the low association-value lists, thus
eliminating the beneficial effects of increased "meaning®. The lack
of such _effects in the sixth grade would be d.e to the overall
dominance of the English language context which precludes the forma-
tion of a new context with the instructions employed.

While much of the above formulation is speculative, it is be-
lieved that the hypotheses are testable through the manipulation of
different instructional settings, qualitative error analysis, and
the effects of known differentiation procedures on lists of different
levels of association value. Hopefully, such research would tend %o
dispel the mystique of "meaningfulness" as tradificnally indexed, as
a stable, almost immutable indicant of previous, and therefore pre-

sent, learning, and lead the way to the processes which influence

learning itself.
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"SUMMARY AND CONCLUSIONS

4

A. Background

The present project is a continuation of research into verbal
learning initiated in 1957 among children with hearing handicaps;
From 1957 through 1960, the research was primarily concerned with
the effects of modality of prescatation upon the learning of meaning-
ful material. Data were accumulated for both hearing-handicapped
and normal-hearing children. The latter group was necessary in order
to obtain normative information to gauge the performance of handi-
capped children. The results of that project indicated that with
normal-hearing children and meaningful material, little difference

in performance was obtained as a function of semsory mode of presen-

tation. It also suggested that a plateau in performance was reached
at about. grade 6 with 1ittle improvement as a function of grade or
age beyond that. With hearing-handicapped children, the results in-
dicated that they perform almost as well as normal children with vi-
sual or combined audio-visual presentations but, as would be expected,
performance was drastically reduced with an guditory presentation.

A point of great interest in the performance of both groups of
children is the fact that the combined audio-visual presentation was
not better than the best of the itwo single-channel presentationé.

The conclusion appeared to Ve that a combined presentation is benefi-

cial only iﬁlthat ip allows each subject freedom to select one of the

modalities for learning; né additional cues for learning are available
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in the combined pfesentation than are present in the best unimodal

éresentation of the same material.
In 1960 a second researéh project was begun, to continue until
1963. That investigation and the present one, jpitiated in 1963,

constitute methodical explorations of variables relevant to the

I . .
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problem of verbal learning. The original project, just described,
might be viewed as & pilot study for this body of research since many

of the parameters subsequently investigated were suggested by results

of the first project.

The seco.d study, 1960-63, extended the scope of materiale to
be learned to cover nonmeaningful and nenverbal material and also
used a wider age range of subjects. It had been thought that the
findingé of the initial project might be a function of the highly
meaningful material used. By exploring performance with other kinds
of material, the generality of those findings coulé be tested. The
major results of the second project revealed that, again, the com-
bined presertaticn was no better than the better of the two unisen-
sory presentations regardless of the clacz of material being learned.
It further indicated that the modality attended to in a bimodal situ-
ation is that which is more meaningful. For normal-hearing sabjects
the more meaningful channel is determined by the materiel; for hear-
'ing-handicapped children, the visuali modality is always more mgan;ng-
ful. Widening tﬁe range of matérials shifted the plateau in the
Jearning curve up to the tenth grade. |

b The present proaect 4ﬁveatigated further the variablez of meazi~

,igg;ulﬁﬁaé*and'mddality'preferencg. The pafazzters of ncaningtnlness
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itself were explored in arx attempt to aetermine—how material becomes
meaningful. Scaling of verbal items was conducted to quéntify some
of the resvlts. Since a single modality is apparently selected on
thé basis of relative meaningfulness when a combined audio-visual

R presentation is used, the conditions affecting such modality prefer-
encs were explored. The role of unimodal attention when both modali-
ties must be assimilated to learn was also studied. These, then, are

the general purposes of the present project.

B. Objectives

The major goals of this project are to 1) define "meaningful-
ness" or the dimensions of mearingfulness in children, 2) to study
the relationzhip of meaningfulness to sensory channels of presenta-

tion, and 3) to relate the findings to the educaticn and training of

K]

' normal and hard-of-hearing children.,
Answers to the following types of questions were expected from

analyses of the data:

&, How important is the discriminability of the items in
a learning task? Is learning faster with greater dis-
‘eriminability?

Y. Dses similarity of meaning or similerity of symboliza-
tion cause more interference? Can the effect of simi-
larity in one channel be overcome by dissimilarity in
the other sensory channel?

- , ¢. Is pronounceableness sn important item in verbal learn-

| : ing? Assuming equal 23goclative values, will pro-
nounceable materisl be easier to learn than nonverbal

- zmaterigl? What is the effect of subvocal proﬁunciation
on learning?

| ~ d&. Given & complex leanning taek, will the gabject do beh-
T ter it ‘he learns components of “the teésk first or if he
T iexﬁzceﬁ‘ﬁith the-enti?e task right 1rom the start?
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&, How flexitle is trhe phenomenon of modality preference?
. ‘ Does bimedal attention owcur if the situation demands
: -.~_7._‘ _‘-.L v i‘t? : S

f. Do subjects with moderate hearing loeses perform more

like normal or like "deaf" subjects in a bimodal situ-
ation? That is, do they respond to meaningfulness or

to modality?

C. Procedure

——. 1. Apparatus. The basic equipmernt used in the project con-

sisted of a slide projector coordinated with é tape recorder for the
presentatidn of learning materials. The Ampex-Bell & Howell system
developed in the second project was used along with a newer instrue-
ment, the Tel-n-Sez, The méjor difference hetween the two systems
is in the presentation of visual material, slides being used in the
older system andta £ilm strip in the newer. Both systems utilized

pulses recorded on one channel of the magnetic tape to activate the

‘projector. . .

2. Materials. A wide variety of materials was needed in this

study to accomplish its purposes. The specific materials generally
fell into one of the three classifications formulated in the previous
project, namely, nonmeaningful-noaverbal, nonmeaningful-verbal, and
meaningful-verbal materials. The same notations were used to avoid
qonfugion. The ﬁumbersﬁl,<2, and 3, respectively, were assigned to
the thrée leveis'pf materials., Létters A and V indicated sensory
channel of presentation. Thus, the notation Al_indicates nonmeaning-

£yiréénﬁenbal.m&iégi&l_presented auditorily, while A3V2 means a bi-

PR

g&gﬁﬁﬁagiggiﬁlaggibﬁl‘materiai in the visual,, Wherever it
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; was ?ggsbﬁgble, these kinds of notations were used tov aid in identi-
fyimg the experimental conditions. Specific notation was introduced ) -
wheﬁfthis system was ingppropriate.
3. Subﬁects. All testing of normal-hearing children was done ;
q in classroom units. Children in grades 4, 5, and 6 of the Detroit
Public School System or the Archdiocese of Detroit School System were
used for the bulk of experimentation. A sample of hard-of-hearing
children in the metropolitan areca was tested in small groups. In
- addition, data were obtainedlfrom children in a residential school
) '} for the deaf. In all, more than 9000 children were tested in this
5,55 project.

L, Procedure. For most of the experiments a recall form of a !

(]
LN

Z‘Lf . paired-associate task was used. Usually 10 lesarning trials alter-
) - pated with 10 test trials, During a learning trial, each stimulus
item was presented followed by its appropriate response. During a
test trial, only the stimuli were presented and the subjects were in-

structed to write down the appropriate responses in turn if they re-

membered them. Several different orders in which the items were pfe-

T,

,f sented for learning and test trials were used. Deviations from tLis

H
H

i procedurs are noted in the specific expcriments.
| Pollowing the collection of the data, the bcoklets were scored,
tabulated, and summery statistics for the samples calculated to ob-

tain the mean correct responses over a fixed number of trials. Learn-

ing curves were obtained vy calculating the mean number of correct

- ¥esponses for each trial.

.

Gné'péztiqn?of the study involved the collection of association

il s, - . e P L P
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values for seslected trigrams from children. A different procedure
was necessary. The trigrams were printed in two colummns of 25 each

on 8§ 1/2 x 11-inch pages. Each trigram was feollowed by "¥es No

Afor the.child to use in responding. A copy of the instructions given
orally to the class is preseanted in Appendix B.

The project was carried out as a series of experiments related
£o the major goals. Ths results are divided’into problem areas for
ease in presentation. The experiments relevant to these areas will

be summarized briefly in turn,

D. Results Pertaining to Cooperative Research Project #1001

Twe experiments were condacted to clarify the general findings
from the previous investigation.

1. Experiment I: Learaning of New Nonmeaningful-Nonverbal Mate-

rial, It had been hypothesized that V, material (medified electrical
symbols) would produce poorer performance than that obtained with V2
material which is also nonmeaningful but verbal in nature (CVC tri-
grams). The trend of the data in the previoué project suggested
that this hypothesgis was not tenable; differences were not signifi-
canély but were ccnsistently in the opposite direction.

To determine whether this finding was an artifact of the’parfi-

cular stimuli employed, performance using an additional set of Vl ma-

tgrial was indicated to verify the resulits. Greek letiers were

-

’ éelecteﬂ as stimuli for this study. All other aspects of the study

paralleled those used previousliy.

The results were consistent with the "old" V, material, even to
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the point of clearing up lhe single reversal obtained previéusly

(grade 4 had been the only exception from five grade levels to the

~
.~

trend of Vl scores beirg higher than V2). It was concluded that the
slightly superior berformance with V1 material was not a function of
the particular items used but was a verifiable finding capable- of

generalization,

2. Experiment II: The Relationship Between Bimodal and Uni-
. ¥

§
modal FPresentation with Material Variables Manipulated on the Response g

g L

§

Side. The project preceding this indicated that a combined audio-
visual presentation was not superior to the better unimodal perform-
ance. Before this result is generalized it was necessary to_deter-
mine whether it held when meaningfulnéss and verbalness were manipu-
lated on the response side. To this point, the studies had employed
a consfant set of responses and gauged the-effect of changes in the
set of stimulus items upon performénce. Previous work by other in=-
vestigators had shown that chang3s in meaningfulness of stimuli or
responses” produced similar effects with a greater influence noted
when response meaningfulness is varied.

'IThe generality of the findings were checked by selecting six
conditions from the last project,'reversing the stimulus~-response
pairings, aﬁd administering these altered conditions to a new set of
subjects. "he conditions used were AZ’ A3, VZ’ V;, A2V2, and A3V3’
these being'the only ones amenable‘to such modifications. ]

The results of this'study indicated again that a combined pre- _V

sentation does not facilitate performance over that obtained with the

better of the two unimodal corditions.
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s

$ ‘x- . De Qonclﬁsions. ‘These two experiments verify and extend find-
ings from the last investigation. They indicate that the results can
be generalized without undue caution. Experiment I points out also
the need for ré-examining‘the hypothesis that a single continuum un-
derlies the three clasgés of material studied in the previous proj:ct.
It had been assumed, 3t the qutset, that performance would be better

_with meaningful than nonmeaningful material and with verbal as con-
trasted with nonverbal material. Therefore, use of nonmeaningful-
nonverbal material should have produced less learning than that ob-

tained with nonmeapingful-verbal material. The data force us to re-

ject this hypothesis.,

E. Results Pertaining to MddalitxﬁPreference

One of “he most interesting conclusions of the last project was
that meaningfulness determines the single modality receiving the chief
attent;on in a bimodal situation. Further exploration of this finding
was c&nduéfed to determine the parameters involved. Four experiments
pertain to this problem area.’

1. Experiment IIT: Modality Preferenc2. This experiment was

conducted in three phases, methodically examining the phenomenon of

| modality preference in different situations of bimodal stimulation.

In all three studiez, the subject could master the task to some degree

SN

or entirely by attendan;: to only one modality.
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different groups were tested; each group was interrupted at a di’fer-

. Phase 1 utilized the A,V. condition of the last project. Four
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4
amounts of auditory ard visual learning which had occurred. The spe- 3
cific stimulus materials of this condition were urique for each mo- T

dality although considered e@ually nonmeaningful and nonvefbal..'The
results, Vhile not conclusive, suggested a2 tendexzcy to learn a few 3
of the visual items first and then to attend to the auditory dimen- 1 i
sion.

Phasé 2 used Conditions AlVl,-AZVZ, and A3V3 Procedure was

modified to allow inferences concerring modality preference to be

= mam e =

made. All of the learnlng trials were bimodal; i.e., audltory and
‘visual materials were presented simultaneously. All of the test trl-
als were unimodal presenting the six stimuli from one modality fol-

lowed by the six stimuli from the other modality. In this way

P St

separate scores for the two modalities were obtained from each sub-

e ey

ject. Comparing these scores indicated a significant difference for
Alvl with more visual items being learned. For the other two condi-
tions, no significant differences as a function of modality were ob-

tained. These results suggested that modality preference is most

apparent when different materlals are used in the two modalities.

The third phase of Experlment III employed different 1lsts of I

words and different responses in the two channels to verify the re-
sulfs of'thé pfeviaus segmant offtha study. Simultaneohs'audio-.

visual presentation was used for all learniné'and,test trials. In
order:to synchranize presentations, procedural changes were intro-

dvced which confounded the resﬁlts. Examination ‘of the data after

“cdireéting" for the effect of prodedure suggests that material in

_either modality was learned equally well.
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These findings may be an artifact of the procedure and the
"cornection“ factor. If the results have validity they suggest
elther that no modallty preference is obtained with highly meanlng-
ful, verbal material.or that 1dlosyncrat1c modallty preference is .

operating which cannot be detected using group procedures.

2. Experiwment IV: Integration of Visual and Auditvory Respon-

_ses into a Single Response in Paired-Associate Learning. This ex-

periment attempted to determine the efficiency of learming a bimodal
task as a function of %he way the task is presented. Unique stimuli
were dellvered in the two sense modalltles with single dlglts as
responses. With this kind of material, 1t was possible to present

both auditory and visual stimuli simultaneously, requiring a two-

digit response, or present the two lists independently with one-

digit responses.

|

Two experimental conditions were used; one, termed "separated",
presented the auditory and visual lists independently during the

first half of the task and then siﬁﬁltaneously for the last five

trie}s; The other condition, designated "combined", used the simul-
féneous presentation througneut, The results showed a.cleer superi-
ority of the "separated" procedune over'the "combined" whether per-
formance isycompared by blocks of .five trials (corresponding to the
_experimental procedures) or whether overall-per?ormance is measured,

3, Experiment V: The Effect of Unimodalhand Bimodal Cues Upon

mine:the~nbe@ﬂe££icient way to present elements of a complex stimulus

PR Ry
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err»learning, ‘However,uong:;n?ortént difference exists between the
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two studies. Iz this experiment, both elements had to be learned as

o

a.unit before the correct response could be achieved whereas in Ex-

- .

periment IV each element of the stimulus had its own response. Of

particulaf interest in Experiment ? is the effect of presehting twor

L N

cuesisimultaﬁeously in the same modality, or éimultaneously-but in ' J
‘different modalities,
. The results clearly indicate that presenting the two stimulus

componeats visually is far superior to any other combination. How-
ever, the next most efficient condition used biﬁodal stimulation,
with the meaningful elemen%fin the visual modality and the'hpnmean—
ingful stimulus componént pfesentéd auditorily. Thus, no general
statement concerning unimedal versus bimodal stimulation was possi-
ble; the efficiency of these forms of presentation is apparently con-

founded with meaningfulness.

L, Experiment VI: Modality and Meaningfulness in Children

with Moderate Hearing Impairment. It had been demonstrated théf

normal-~hearing subjgcts in a bimodal task attend to the channel con-
taining the more meaningful material while severely hard-of-hearing
subjects atteind to ?he visual modality only. These findings had im-" 1
port for teaching cﬁildren whko are clas;ified in either groﬁp.. How-
ever, they did not permit recommendations to be made concerning sub-
jeéta with mild-to-moderate hearing losses. This segment of the
population is'generally treated as if it were "normal"; i.e., these
children afé usually placed in regular classrooms with auditory

training added to their curriculum., It is assumed thgt“brescription :

of the froper hearing aid plus training in using it brings these
- ‘ //

-
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subjects into the "normal-hearing" population. ¢

In order to test this assumption, several of the same 1earning
tasks given to the cther two hearing-ability groups were admlnlstered
to a2 sample of children with 1ntermed1ate hearlng losses. Bimodal .
learning conditions were used with an addltlonal five trials of only
the auditory material. Control conditions comsisted of 15 trials of
only the auditory dimension. The performance of these subjects was
tﬁen compared with both normal-hearing and "deaf" subjects.

The results of this experiment indicate that groups with inter-
mediate hearlng ability perform much like "normals" on these tasks.
They use the auditory modality less efficiently, as would be expected,
but they do mot avoid using this dimension for learning in a bimodal
situation. However, these subjects tend to perform at the same level
regardless of material and modality ménipulations; Normal-hearing

and deaf children quickly decide which modality to attend to, given

ez bimodal-task. .With the hard-of-hearing subjects, the decision isg

not made as rapidly. For example, in the condition where the visual
modality contains nonmeaningful-nonverbal electrical symbols (Vl) and
the.auditory'dimension contains familiar words'(AB), the "normals"
listen and the "deaf" lpok with the same degreé of efficiency as in-
dicated by equivalent performance. The "hHard-of-hearing" perform
more poorly; analyses 1mply that they attempt to learn by both mo-
dalltles, probably sequentlally, with a correspondlng ‘loss in effi-
ciency since the two modalities do‘not_contain the same material.

55 conclusions.‘ This series of studies has impiisations for

the educatmon of both normal and hearlng-handlcapped children. It
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emphasizes the fact.that disparate materials should not be prsesented

‘bimodally for learning if at all possible. The task can be mastered
..4uch more efficiently if the separate components are dealt with first
' foilcwgd'by training ;n'comhinihé them., However, if the materiale i
in the two modalities approach redundancy, no advantage seems to be ;
gained from bimodal stimulation. Either modality is equally as ef-
fective as a combined presentation. In cases where the components
cannot be separated’for learniné, theSe.studies_suggest that a visual
presentation of the multiple components is favored. If the nature of
'iﬁe materials is such'thaf bimodal simultaﬁeous stiﬁulation is un-
avoidable,'then it appears that acquisition of the ma%erial occurs g
more rapidly'when the visual modality contains the mo;é’meaningful
element,

Extending these findings to the problems encountered in develop-
ing language skills in the severely hearing-handicapped, it might be
more advantageous to present language initially in its many visual
forms; e.g., reading, lip reading, and other visual "forms" of the
spéken language. After the child has mastered language to some ex-

'tenf,in fhe;e forms! %hen the auditory and oral eleméntg can be
‘added.,‘The alfernative would be to present the two as separate

" tasks throughout the early portion of his education, combining them

-~ -later.

F. Resulés Pertalnlng to Assoclatlon _Values

This portmon of the project 1nvolved the scallng of selected

R ’ , "

trigrams for meanzngfulness by chlldren. Several studies arg avail- -
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2 able for the adult population using these same materials. The basic

f? assumption underlying these tasks is that the proportion of subjects

}% who indicate that an item reminds them of a word is an index of the

‘;; meaningfulness of phat jtem. Less méaningiul trigrams have fefer _

?% asgcociations and, tﬁefefofe, fewer pereons’would repbrt an associa-~ g
é tion. This procedure has validity to the extent that .items so ‘g
% scaled behave in a way consistent with the concept of meaningfulness. %

\ é Such consistencies have been reported, using adult subjects. ;
5 1. Experiment VII: Association Values for Selected Trigrams g
g witp Children. Five different studies wé:e conducted using children i
'é in grades 4-6 of the public schools and children from a residential i

’ i school for the deaf., Lists of 50 and 100 CVC tfigrama were gvaluated g
'i by such subjects. The obtained values showed a high correlation with ;

,‘j adult values indicating that such norms can be used with younger sub- g
% jects. These results also lend further support to the use of such %

, E values as an index of meaningfulness since it was assumed that mean- %
% ing to children and adults should differ in degree but not in kind. ;

| % The values obtained from deaf subjects correlated very highly with §
% . normal-hearing chzldren and substantiaily with adult values. These é.
§ . findings are 1nterpreted as conszstent wmth the assumption that mean- é

r‘i ' ingfulnessg increases with exper?ggga; thereéfore, children at the two ?

i’é .- _ ;evgls of hearing ability youlﬂ and dO'differ less with respect to ?
2 this parameter than would either group When compared with a¢ults.“ g

,;é : o . Other aépeéts of this: section of the projecf»investigated areas %

;;} R whmch did not have parallels with adults. berms were obtained simul- g

h?, q;“},‘ taneously for both ccc and CVG trigrams frod the ‘seme children. The'

I ]
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twe kinds of trigrams were presenied in isolated blocks, alternated,
or randomizad. The extremely high intercorrelaticns among the three
£orms of presentation 8aggesu that ‘ha same crzterz« were usea to
evaluate botk kinds of. tipigrams so that they could be arranged along
a single continuum of meaningfulness according to their scale values,
No data exist previously in the Iiterature to indicate the relztion-
ship betwgen scale values for the different forms of trigrams.

Lists of CVCs representing onl# a portion of the entire range

of association values were also administered. The data indicate

. that sdale valuee are not absolnte numerically although the items do

intain their same relative position. This finding has implications
for verbal learning tasks whichk usé a truncated list of association
values, and then relate the performance to the scale values obtained
from an unrestricted list., Effects of suck procedures wiil be pre-
sented in a later section of this project. Suffice it tc say here
that the use of items with extremely restricted ranges of association
values for learning shows little relationship with performance. The

explanation for this phenomenon lies in the assumption that items in

restricted 1isfé_are subjéctively &caled relative to one another

rather than againsi an absolute standard of meaningfulness., This as-
’sumption,ié derived from the changes in scale values obtaimed with
‘the use of truncated lists of. CVCs as compared with the nunierical

. vdlues assigned when the entire list was evaluated..

_ﬁgngi;asi,faatorzinfﬁhe'eXamination of the.meaningfulness of

1S Rage ath

poyey
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»

-

1earn1ng task,was<admsalstened with trlgrams (CVC or CCC) as res-~

e dad <.
b -~ -

—ponsee. FollQW1ng ‘this task, assocmatzon values were obtalned for

s~
- O’F" -- " e e -

llsts.of both kiads of trzgrams among which were 1ncluded the SpGle-

’ .
-

¢ v ic.ieSnop e 1tems from the~task. Tﬁe resulta 1nd1cated that such

;'f ¢ o 'J

3 : przoﬁ exposure 1ncreaseg #the asaacmatlon valuee for .both sets of tr1-
o - E . »

grams with the CVC values belng more gross Ly affected. Performance

ig_thé learning'task waﬁ,éiso better with these,ifems, suggesiing

-

Wy ey de ot P

that associations. are gained or estabiished in the learning process.

RN

it might be inferred that ihe failure to find 2n association {other
“than the ohe provided:in the task) for a low meaningful trigram im-

pedes paired-associate learaing.

2. Cohclusieﬁg, The several studies conducted in collecting

anoclatlon values from children indicate that adult values are good
1ndices of ”hzldren's values when a broad range of CVus are coneld-
ered. With restricted ranges of items, the studies with children
suggest caution in interpreting items in terms of their "absolute"
values. ASigce‘chiléren parallel adults so closely, the same Warning.
might apply fo adults as well. Data were also obta;ned bearing upon

the relalionship between association values for ¢CCs and CVCs.

L s

G. Results Pertalnlng to Meanlngtulness

s
Y s <

The concept "meanlngfulness" is still lacklng a preclse deflnl—

P 3

tion but ?here is no dlsagreement concernlng 1ts relatlonshlp to

y

learninga Uelng changes 1n performance, then, to indicate changes

~ -

v S _1n meanlngfulness, several varlables were studled W1th children as

- L r R % .
3 R R T T . o

Zsubgeets‘/ 1hese partlcular varlables had already been descrabed as

x‘e/"‘ e 5 ‘- . ')‘




control cond;tlons, were an index of the extent to which the meaning-
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relevant té meaningfulness on the basis of studies’with adults,
Since the_coﬂcept "meaningfulness" is assumed to be the same at all
ages, these studies wouyld serve to validate the parameters already
ideﬁﬁified. Fﬁrtﬁermore, it wag.heped'thaf, 5y studying subjects
who'ére’"gaininé" meaﬁingfelness, insight might;ee obtained as %o
the nature of this process.

The parameters investigated included those of associability,

pronounceableness, and discriminability (or its converse, similarity).

An attempt was made to generate meaningfulness by associating low
meaningful.items with'highly meaningful ones. The effect of varia-
tions in association value was exemined.’ The role of pronounceable-
ness (both implicit and explicit) was studied for its effect upon
performance. Similarity was manipulated to determine its relation-
ship to meaningfulness. Finally, meaningfulness was studied with
respect to the role that structuring of the task plays in perform-
ance. Actual restructuring of the task into a more integrated unit
was examined as well as fhe effect that changes in instructions pro-

duce. Each of these was the topic of a separate experiment,

1. Experiment VIII: Production of Meaningfulness by Associa-

tion. 'Tﬁis study attempted to increase the meaningfulness of items

through assoczatlen with material already high in meanlngfulness.

’ A two—part 1earn1ng task wag employed whereby the fzret part palred

hlgh an& low meanlngful items and the second stage tested the effects

oi such palrings. Increases in performance on the second task, over

Y

fulnesa of the experimental material had been raised through

¢
§ oy o
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association. Other studies employing this same A-B, A-C leqpning

paradigm have found significant negative transfer effectse The re-
sults of the present experiment have to be interpreted with this in

mind. ‘' The findings indicated that meaningfulness can be increased

* . -

by association since the expécted negative transfer effeéts_Were not
obtained., It was hypothesized that the amount of facilitation due to
the increase in meaningfulness was sufficient to offset the predicted

decrement in learning.

2. Experiment IX: 'Association Value, Meaningfulness, and

,Learning.' Assoclatlpn values have wide acceptance as . indices of
meanlngfulness supported by studies where performance is directly re-
latéd to such scale values, The bulk of such studies, however,
tested adult subjects wi‘h lists of trigrams which included a fairly
wide range oé association values. Experiment VII, however, while
collecting scale values from children noted a tendency to respond
to different restricted lists of items as if they were equivalent,
That is, lists from different portions of the total range of asso-
ciation values yielded values that were much alike in terms of mean
association vﬁlue, standard deviation, and range.

The rélationship between'"abéoluté" association value and mean;

ingfulness was examlned in this study by using separate lists of

< . hd *

A'CVCS' each list. spannlng only 10 assoclatlon value p01nts and sam-
*pling from a di’ferent 1nterva1 along the total range. Seven such
7 1ists were gonstructed. Uslng the trigrams as responses, and ad-
y“i?; mipistgring each 1ist to independent groups, it was found that

1relativ@13 littie éhange in pezfarmance 1eve1 accompanied wlde




changes in mean association value of the lists. Although learning
does covary with association values, the magnitude of this relation-

ship is far lower than expected. This finding adds further support

to the hypothesis fhaf individual lists of items :fe respoided to

" gimilarly. Homogeneous lists must differ vastly inm mean association

value before any reliable difference in performance is obtained. As
the lists become more heterogeneous, differences ip performance as a
functién of association value should be noted between items within a
list. This last inference is supported by studies in the literature.

.

3. Experiment X: The Effects of Pronounceablénegs“and Explicit

Pronunciation on Learning. Prbnounceableness has been shown to co-

i

vary with performance and, on that basié, has been accepted as
another parameter of the con&ept "‘meaningfulness"., It has been as-
sumed that meaningfulness serves to organize diverse stimuli into
units which are more readily processed. In the same fashion, thgn,
the facilitative effects of pronunciation are attributed to its
capacity to integrate the separate letters composing the visual stim-

.

ulus word into 2 unit with fewer elements (phonemes). The present

study was designed to test the effect of pronounceableness across .

modalities with children and to examine whether further changes in

g

performance result froq_explicit‘pronunciation.

To avoid confounding the results due to variations in meaningful-
neés, low association value trigfams wére used., The CVC trigrams
formed the prohounceable responses and CCC trigrams the less pro-

nounceable items. These materials were presented either visually or

,audiﬁorily, where the trigramé were spelled. An additional auditory

v - ‘o
. s
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A,of a,supraordinate ¢lass. For material which is low in meaning, it

oo

Zhas been found,that physmca similarity, i.e., letter dupliqation,'
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condition for the CVC material cnly consisted of both spelling and

prpnunCiation of the trigrams.

The results of this stndy show that the pronounceableness of

‘

items alds learning as had been anticipated. Erxplicit pronuﬁciation

was, found to prOV1de no further increase in 1°arn1ng and, in fact,
interfered with learning in the sixth gradéc' The integration of
items into pronounceable units occurred as efficiently in the audi-

tory modallty as in the V1sua1. For low pronounceable materlal the

visual modality was clearly superior although discriminability of the

‘

items may be a confoundiﬁg factor,

L. Experiment XI: The Effect of Similarity Upon Learning.

Meavingfulness aids learning presumably by providing associative
links which serve to integrate the material being presented. Accept-
ance of the notion of associative links is the basis for the use of
association vélues’éé indices of meaningfulness. However, that such
associations can also interfere with learning at times-has been
dsmonstrated empirically. Apparently, the meaningfulness of items

is relative to the context in which they are embedded; items with
many ;ssociationé (and therefore, high.in.meéningfulness) can result
in slower learning in fome situations than in others (implying that
the meanipéfulness of such’itéms is variable). In particular, igiep—

ference with learning can bée obtained with items which are similar

A

in meanlng, 1.e., synonyms, or Wthh are similar in belng instances

)
3

N ] & ! 3 b 3o e wy
5‘..({'.:, ot N T A T A by N AN
SRR E I A ey PR TRGAY I S TR O e T ab A

&

TR

v.
EG
R ¥

T
5

~

reduces l araxng. O S :
s . .




.would be more influenced by physicdl rather than meaningful similari-

per ormance was ot predlctable from the two adgacent grades and was

222

Since children are less facile with verbal material than adults,
it was decided to investigate the effects of physical gnd conceptual }

similarity upon learning to determine whether assumed differences in

[

verbal proficiency result in different patterné of interference due

to similarity. It was supposed that children, being more concrete,

ty. Since they have less experience with language, fewer aséociative
links would be available fo produce interference gue ta #eSNinZe
Another comsequence of concreteness is that children woud be less
affected by items representing different instances of a higher-order
concept than would adults. For children, each instance would be
"concretely" unique. - |
The results of this expériment, comparing performance on lists

which were similar physiéglly or conceptually with control lists, in- 1
dicate that children react to these variables as do ;dults. Letter
duplication has more éffect when meaning is low; conceptual similari-
ty produces interference with meaningful material. The data suggest
different strategiesﬁto 1earﬁ were used at the different grades.

Sixth~-grade performance wae more like adults implying use of an ap-

proach emphasizing verbal skills. Fourth-grade subjects were charac-

terized as usmng prlmarlly a rote approach to the task. Fifth-grade |

»

- . l
i

interpreted as the result of a tran61t10n in the learning procebs. |

-

Se Experlment XII: Learning as a Function of Audlo-Frequenqz

Differences and of Cognitive Rgstructuring of the Task. This experi-

ment was designed to determine wheiher rate of learning varies

-
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directly with the amount of difference among stimuli. Two sets of
bands of noise were selected which differed only in frequency inter-
vals. When these stimuli were presented in the usual paired-associate.

' paradigm, no dlfference in learning was obtained as a function of

differences in frequency. These results suggested that the/larger
set of differences provided no additioral information for learning

than did the smaller. Apparently, once the items are sufficiently

a2 e LA Ty e | Tl w B \ WL ol

distinctive, no further increment in learning is obtained as a func-

tion of additional differentiation along the sume dimension. This

is not to say that varying the stimuli along several dimensions might

A

not have facilitated the performance.
The level of performance with either set of stimuli in this ex-
‘periment was significantly 1ower than had been anticipated on the
basis of previous experimentation. 1In examining the ipitial randonm

presentations of the S-R pairings, it was hypothesized that the poor

PRORARIT [+ ir L P 1

performance resulted from a lack of sufficient cues for absolute

identificaticn of the stimuli necessary for recall. This hypotkesis

was tested by modifying the original conditions so that the stimuli
4? were presented ordinally in terms of frequency during the learnlng

trials. The same random presentatlons of stimuli during the test

trieis.were used. These changes-clearly provided anchor points for

the stimuli and emphasized the relatienehip of each band of noise to

RO iy Lt AR | e AN QR 0 AL R e N

. such anchors and to each other, Performance was significantly

facilitated in these modified conditions over the levél demonstrated

with the random pfeéentations, being now equivalent to that sbtained
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%
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with other kinds of A, weterial.
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The success of the modified taské indicates the importance of
providing structure in learning. Distinctive stimilation is appar-
ently not sufficient for attainment of cognitive stracture by the
subjects.' In order to learn, stimuli must be apprehended by the
subjects and organized in such a manuner that efficient recall can
occur. To the extent that the subjec? is unable, on the Bésig of
previous experience, to provide a suitable structure for reéall,
performance will be adversely dffected. Thus, it is important for
the instructor to provide such a framework to achiéve the maximum
amount of learning in a given time. These findings have great im-

plications for auditory training of hearing-handicapped children.

6. Experiment XIII: Meaning and a Context of Utility. In this

final experiment of the prcject, an attempt was made to evaluate the
effect. upon performance of adding cogaitive structure when verbal ma-
terial was used. As already noted, dramatic increases in performance
were obtained when structure was provided for auditory nonmeaningful-
nonverbal materia% whi.ch differed along a single dimension. In this
experiment, the stimuli were trigrams which can be termed complex
stimuli varying along.many dimensions. In obtaining association
values fér such material, the items are ranked along the single di-
mension "meaningfulness'; however, it ﬁust be remembered that they

¥

differ in spélling and .pronounceableness, to mention only two more

<

obvious parameters.

13

Cognitive structure was looeely defined as that which increasgs

the meaningfulness ¢f the material, since,meaﬁingfulneés is measured

by performance. With verbal material, meaningfulness caanot logically
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be increased by establishing reference points aé was used with the
nonverbal material. However, this type of material is amenable to
communication functions. Therefore, it was hypothesized that per-
formance kouid be facilitated by implying that a meaningful relation-
ship exists between the S-R pairs; i.e.,'that the trigram would be
equally communicable under certain circumstances as would the item
with which it is paired. This hypothesis was tested by pairing tri-
grams with Arabic numbers anrd informing the subjects that the tri-
grams were the names for those numbers in a particuiar foreign
language.

Three lists from Experiment IX were used for this study, repre-
senting 1o§, medium, and high mean association values. Performance
from that study was used as the control for this experiment to ade-
qﬁately measure the effect of changes in imstruction upoa performance.

The results of this experiment do not allow any clear-cut state-
ment to be made concerning the effect of providing structure upon
meaningfulness. An ipteraction with asscciation value was cbtained;
only the list of medium-valued trigrams was facilitated by.the impli-
cation of meaning in the S-R pairings, A 'significant interaction
between grades and instructions was also obtained in which the sixth-
grade ﬁerf;rmance was adversely affected by the changed instructions
while the ofhér grades reacted.in thé gpéosite directioan, In addi—'
tion:‘the grades responded differqntly to the three levels of asso-

ciation value used, yielding another significant interaction. These

results were discussed in terms of the assumed changes in language

development represented by these grade levels.
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?. Conclusions. The studies ébnducted in connection with mean- E

-ingfulnesé.indicate that this concépt is more cowplex thaﬁ had been r

assumed from previous experimentation with adult subjects. Using

A i Doy

- | the operational definition of perfofmance as an index of meaningful-
ness, i% was shown that parameters such as pronourceableness and dis-
criminability affect learning in children in the same manner as they
ép in adults. However, meaningfulness is not to be viewed in an ab-
solute fashion but is relative to the context in which the material

to be learned is placed. The finding that lists of narrow ranges of

absolute association values are learned almost as rapidly regardless
of the absolute mean value is incorsistent with previous notiomns and
lends support to the concept of relative meaningfulness.- Additional
evidence for this view is found in ghe effects of similarity upon

{ _ - performance and in the changes in learning as a result of changing

the structure of the task., To the extent that the same materials pro-
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duce different levels of performance in these different situatiomns,

reaning can-be said to be relative.

i P ™ " &
RS RV
S LT e ). - T

iyt e U T et T L T g




REFERENCES -

Adams, J. A. Test of the hypothesis of psychological refra?tory
period. J. exp. Psychol., 1962, 64, 280-287. '

Archer, E.-J.' A re-evéluétion of the meaningfulness of.all possible
CVC trigrams. Psychol. Momogr., 1960, 7k, No. 10 (Whole No. 497).

Broadbent, D. E. Successive rééponses to simultaneous stimuli.
Quart. J. exp. Psychol., 1956, 8, 145-152.

* Broadbent, D. E., & Gregory, Margaret. On the recsll of stimuli pre-
sented alternately to two sense-organs. Quart. J. expe. Psychol.,
1961, 13, 103-109. ‘ . )

Cooper, J. C., Jr., & Gaeth, J. . The interactions of modality with
age and with meaningfulness in verbal learning. J. educ.

Psychol., in press.

Cunningham, J. D. Einstellung rigidity in children. J. exp. child
Psychol., 1965, 2, 237-247.

Davis, R. The human operator as a single channel information system.
ggﬁrt. Jo exp. R§19h01.’ 1957, 9, 119-129.

Davis, R. The role of "attention" in the psychological refractory
periOd. ggarto J. exp. P$Z9h01., 1959, 119 211’220. -

Day, W. F., & Beach, B. R. A survey of the research literature com-
paring the visual and auditory presentation of information.
Technical Report #5921, Contract No. W33-038-ac-21269, U.S.

Air Material Command, University of Virginia, 1950.

Epstein, W., & Streib, Rachel. The effect of stimulus meaningful-
ness in the absence of response learning. J. verb. Learm.
Verbo BehaVQi 1962, 1, 105-1060

Gaeth, J. H. Verbal learning among children with reduced hearing
acuity. Final Report, Project #289, The Office of Education,
U.S. Department of Health, Education, and Welfare, 19690.

Gaetkh, J, Ho Verbal and nonverbal learning in children including
* those. with hearing losses. Firal Report, Project #1001, The
Office of Education, U.S. Department of Health, Education, and
Welfare, 1963, :

Gibson, Eleanor J. A systematic application of the concepés of
_generalization and differeptiation to verbal learning. Psychol.
RQV;, 19“‘0, l‘l‘?, 196-2290

‘227




TR PR S

. RN
- .,‘_‘.\\;.‘ AR

n.
i N

Glaze, J. A.

_ Graunke, W. L.

’Mowbray, G. H,

' Newnan, S. E.

228

The association value of non-sense syllables.
J._genet. Psychol., 1928, 35, 255-269. }

Effects of V1sua1-audltory presentatlon of memoriza-
tion by children with hearing impairments. Unpublished doctoral
dlssertatlon, Northwestern Unlver51ty, 1959,

Halllday, A. M., Kerr, M., & Elithorn, A. Grouping of st1mu11 and
apparent exceptions to the psychological refractory period.
Quart. J. exp. Psychol., 1960, 12, 72-89.

Helson, H. Adaptdtion level theory. 1In S. Koch (Ed.), Psychology:
" A study of a science, Vol. 1. New York: McGraw-Hill, 1959.
Hull, C. L. The meaningfulness of %20 selected nonsense syllables.

Amer. J. Psychol., 1933, 45, 730-734,

Hutton, C. L. Combining auditory and visual stimuli in aural reha-
bilitation. Volta Rev., 1959, 61, 316-319.

Johnson, R. C. Reanalysis of "meaningfulness and verbal learning".

Psychol. Rev., 1962, 69, 233-238,

Keppel, G.
63-80 o-

Verbal learning in children.

Psychol. Bull., 1964, 61,

Krueger, W. C. F. The relative difficulty of nonsense syllables.
J. exp. Psychol., 1934, 17, 145-153,

ladefoged, P., & Broadbent, D. E. Perception of sequence in auditory
events. Quart. J. exp. Psychol., 1960, 12, 162-170.

Lordahl, D. S. Concept identification using simultaneous auditory
and visual signals. J. exp. Psychol.; 1961, 62, 283-290.

Merikle, P. M., & Battig, W. F. Transfer of training as-a function
of experimental paradigm and meaningfulness. J. verb, Learn.
verb. Behav., 1963, 2, 485-488.

Perception  and retention of verbal information pre-

- gented during auditory shadow1ng. J. acoust. Soc. Amer., 1964,

36 1459-146L, '

s b
Response hierarchies in paired-associate learning.
Paper read at Southeastern Psychol,. Assoc., 1963. -

Koble, C. E. Measurements of assoclatlon value (a), rated associa-
tions (a') and scaled meaningfulness (m') for the 2100 CVC com-
2§natlons of the English alphabet. Psyckol. Rep., 1961, 8,

7-521.

P

- - . -

‘/\”-.-:?: —y — —,«-oﬂ,?m } T R T mxmy r;;w;,)a 7

- < "3 -
Y A ﬂ-){f 7 J /?ﬂ




236

*

Palermo, D. 8., Flamer, G. B.y & Jenklns, J. 3. Association value of
responses in the palred-assoclate learning of children and
ddultts. J. verb: Learn. verb. Behav., 1964, 3, 171-175.

Piaget, J.  Logic and:zszphologze ‘New York: ~ Basic Books, 1957._

Pinsleur, P., & Bankowski, R. J. Transfer of verbal material across
sense modalltles. J. educ. Psychol., 1961, 52, 104-107.

Postman, L. The effect of language habits on the acquisition and re-
tention of verbal a&soclatlons. Je exp. Psychol., 1962, 6k,
7‘190 (a) .

g Postman, L. Transfer of training as a fuﬁction of experimental para-
“digm and degree of first-list learning. J. verb. Learn. verb.
Behav., 1962§ l, 109-1180 '(b)

Razran, G. Experimental semantics. Trans. NY Acad. Sci., 1952, 1k,
171-177.

Saltz, E. Compound stimuli in verbal learmning: cognitive and sen-
sory differentiation versus stimulus selection. J..exp. Psychol.,

1963, 66, 1-5. * (a)

Saltz, E. Differentiation as a cognitive process. Paper read at
Amer. Psychol. Assoc., 1963. (b)

Shapiro, S. S. Meaningfulness values for 52 CVCs for grade-school-
- aged children. Psychon. Sci., 196%, 1, 127-128.

Underwood, B. J., Ekstrand, B. R., & Keppei, G. An analysis of intra-
list similarity in verbal learning with experiments on conceptual
similarity. J. verb. Learn. verb. Behav., 1965, 4, 447-462,

Underwood, B. J., & Schulz, R. W. Meaningfulness and verbal iearning.
Chicago: Lippincott, 1960,

Williams, J., M., & Derks, P. L. Mode of presentation and the acqui-
sition of paired associates that differ in pronounciability and
association value. J. verb Learn. verb. Behav., 1963, 2, 452~

3 ' 4560 s . S

. Winer, B, J.  Statistical principles in experimental desagg New
York: Mchraw-Hlll, 19620

Wxtmer, L. R. The association value of three-place consonant
syllables., J. genet. Psychol., 1935, 47, 337-360.

\
-t
b a2 By B am-M‘ .

24
)

A\l

k)

SR TN SIS T [ Y




T S P AT X AR L DA 1Y T L v U T S A A P P AR S ST A,,.Www,wx« ,,..“,n.,._,.,.wuh S R A A TR AN Y AR A R T )
R \ i . . : - P
| < _ . ' ! AN ~ ) b ° » . .ﬁ
5 , oo ) . , . . t . . - ,
R B B~ B : X
R e . B3 F . B
s Vv ' s v . N i , . O &
- ' AL, ' . M\.. P . [SERER N i .mf
- % . . . . ' * 5 N
b Yo e g1 . _ - , N
o ' I ° . e QO o '
-../ Y , . ® L] ._]- ® . '
wf N ] % .m . ’
f [k v ¢ L S [ .
.».; e . ' ' " . B v b u o - ¢ .
IRt X . .n:n - o K
I ~ o B N - w e
\ AR BRI . N - o R o
- = o =1 < o .
[ (o] [} . .
. L wi ] e .
- o o+ ow . - T
. I * K] a -w L4 " * b N
, K ° | ° ' .
7 wo, . 14 L e . o
L. L e @ 0 O o . . A
' ] w0 . L
! L e W@ O e :
. . G4 S e -
m . O QO ,
. ° ,s, ) - . N
8 8. P L I
‘b ° . o - R
8 o "W o ‘ . *
2% 81 ‘ |
) ° - X
N Q D e _
o8 o & . |
K . e >
28 .8 " . |
N ¥ S TR . |
8 u 3 . . ’
. ) . Lo
P O . .
r. f . L] . i B
= e B o '
C.Tu. m . . . N
4+ ] e e _ _ .
60 b4 Q O o . . .- .
'~ : ol e .
m . 0@ . e
HHd - o 9g : | .
., . *
M ¢ f Ry , :
oM A O .
(e ST~ N & I -4 , o0
. ) ’ 1 ' uq.
'Y N . ) _..” C o, _ RS
< m o : R
.m_ ' .mf | .u ’ n, l |
B ) . o . . .,
_w‘,. ' m v .w . ) v . . »
g BUE . | | SN
Vst e Y = N e, )
ﬁm D . <’ P . ‘ . i ‘
SR < - : < o . , : N |
ma. . w“,“.»: ] . ) :_ . . f N .
i “ . . - . _ , , .
kY
Ll -
i Y.
- J e e [T ITAN ' ! ' ' " ' s .,.,.
«. | - .. B (7% I L1 Y AN e ' . ’ (] L4 . N :
i
. !
R N RS — > .,,r,_,,/.,.:/.: T :

St UL 2ty *



5.0 '1’

4
=
g 4o+
g
’ 8 3.0 T
3 a - L
’v: * 5 ’ k-
5
‘ 206.- Iy
b - ,
10T

; ~« = . ' - .
A - . 23Y .
N -, - 6.0
’57.0 L vi
< h v R
. 3 i
o . g . ) va
.‘& 4 o - —
o _a_ ‘ ; / V2
- 1
€ - -_‘l
2 o ) ’/. vZ
2 P
O 3.0°7T v
(5] -~ 1
- -‘V/
g b
. 200 -
.04
'R 2 2 2 ' 2 ' 2 A
1 4 ’ 1 4 ¥ L ] L L L 1 ] L]
1 2 3 4 S 6 ? 8 ) 10
TEST TRIALS
* '
Fig. A-1 Experiment ¥; Learning curves for Conditicnn '1’ Vl, and Va; grades 4 (closed
circles) and 5 (open circles).
" 60t : AsVs

= .,
- - -~
v - . .
” — ! ”
. / e
* ;,/ -.
4/ -
A LA r ~
s - T s AT EAES - raCarer A B Bl S 4 ox
5 - RN

" : 4 : 4 3 ' 1 + :
1 2 3 & 5 6 ? 8 9 10
o ) TR3T TRIALS

Fig. k-2 - ‘Riperiment iI:- Learning curves for Conditions Ay A", Vs Vps BV, and AV, grade 6.

|
g
|

RIS XS

L5




. - ™ T T e 6T T ~ . -7 -
Ry AP - T . RTeem\IL To . I e . . -
I & I . LN T Te e 2P0 TR I
e eé” RN TIN 3 = %
ST T - ‘ T
ot N . 4 -
R - ~ - . {T
- ’\‘
. e
ps -‘:' P * e
N A P “ ) - . - - bl
: - - . . -

- ! P T . N - - - . A . -
- - N e, . N . - . ; -,
. 232 .

- Ee . -t . . . . . . . oo

- ~ - ~ . N

. - ~ -

R - . B l~ .

. ¢ . ~ 1
I ’

W .

.
L J
. 6.0 . .
. Te
. *
] 4
—__— -
5.0
€
-

MEAN CORRECT RESPONSES

-
L
e
L
-
oo
o
o
o
-

TEST TRIALS

rig. A-3 Experiaent I11-2: Lesrning curves for unimodal testing of Coaditions ‘1"1'
and 13 } grade &, J

SIS,

60“ “

5.0 L o

k.o. T

¥
-

30T

MEAN CORRECT RESFONSES

) 20T . .

' : v
¢ 100 T .—_—.—.—v-._:-:*—oi—-‘ . k

+
1

n

N

<
&
O
5

FEURES
N LT3 Y e v
i

2)
o b

e
Ln S

[P
ey Aes

TEST TRIALS

i ns. A% Experia¢nt YI{-3: Lesrning cusves.for material in exch modality aad for bimcdal
g « ,./ p.rfomuco; gruda 4, ) Do ‘
& A - : -




. T or “» -

A

o+
*
o
9
™
r

o)

Ry

) RSN
1y A Dbt d fun e

s

4

o

HEAN CORRKCT FXSFONSES:
. .
(-]

.
S

)
{degdo A

s a 2.0 - .

;S. .07 h-_..-w—-‘

= / ] —
| 1

2 . 3
— FEST TRIALS

<
"
AR 4
-3
o T
wlb
54

0

Tig. A-5 Bxpcrilnit 1I1-3: Learning curves for material in seach modality and for bisodal
perforaance; grads 5.

0.
[]
L »

6.0 1

507

\,
l,

MEAN CORRECT. NESPONSLS
W
[~}

L. - - ". S W o 2 Y o $ $ $
,’ P ;1‘; »:,: ,.?:,,1;, e :é/ . > }) o ‘ ,,h S 5' ) G . 7 8‘ 9 10
<oos s T s s

: . Mg Ae-é: ﬁig;igﬁni;_!,l;[-};,, !.caminsgurvu for material in each sodality and Tor bisodal
' performintej: grade 6. ) - ’ . )

esrimrr




MEAN CORRECT RESPONBEé

NSAN CORRECT RESPONSES

-
, 234 !
\
4 3
s.o o
4.0
VeV
3.0 e od
o V4
2.0 -
/ “_,.—.'.'—-’--_. A+V
.-"—‘—-' ‘_:r::‘——'.’-"'\./:‘*"--*-h__‘ Aed
- - - ----'—‘
~o~
2 2 2 1, 2 & 2 's . e
3 4 [ 4 L ] L L} L 1 ]
1 2 3 b 5 6 7 8 9 10
TEST TRIALS
Pig. A-7 Bxperiment V: Learning curves for Conditions V+¥, 7+A, A+V, and A¢A; grade 4,

6.0 -
5.0 ¥
'f.O b o Ve¥
'
3.0 ¢ /
2 _ B AA
«0 _
S ——"*\ - — Vah
~ 7 M" - AoV
. na——y — # o - -
™ S S —
2 2 8 2 4 i3 [y A " L
L ] | L J v L L L 4 ¥ | 1
1 2 3 b 5 6 ? 8 9 10
TEST TRIALS

riz. A-8 J,!zporia'ont ¥s Learning curvea for Conditions VsV, Ve¢A, LeV, and A+A; grade 6-




5.0 oo

'*.0 T ’ 'Iy *"‘

6
5
— 3
7
2
A

MEAN CORRECT RESPONSES
by
(=]

2.0 b o
1.0 -
] I 3 v .1 [ 4 2 __& 3 B ) 1
& 4 L4 1 R L 4 L 3 k 3 L 3 2
1 2 3 4 S 6 7 8 9 10
TEST TRIALS
¥ig. A-9 Experiment IX: Learning curves for seven conditions; grude 4.
5.0 ¢
3
5
6
7
07T .
&8
4 :
g 2
d :
% 3.0% 5
3 :
¥
a 2.0T £
5
10T {
i,
4
_& 2 8 ' ] 1 2 ' 2 [} ’J
L [ ] L » L [ ] L L L ] 4 <)
1 2 3 4 5 6 7 8 9 10 -
PEST TRIALS
i
Fig. 4-10 Experiment 1Xs ZLearning curvec for seven conditionn; grade 5. l




MEAR CORRECT RESPONSES

MEAN CORRECT RESPONSKS

5.0

NUWO MW NI

4 % 2

Yig. A-11

k.otb

}.oqn

Fig. A-12 Bxpoviment Is  lsaraing curves for Conditions CVC-V, CLC-V, and CVC-A, .} grade &4,
° .

[ ] Bl 1

6 ? 8

N g
W

N o
cdh
sdn

TEST TRIALS

Experisent IX: Laarnimg curves for scyan conditlions; grade 6.

. TESY TAIALS




N
|

\ %\

\%\

’*.

3

g

i

‘.l

!v

A

i

¢

k \l
I

{ lq
9
r

]

\
l
t

.
»
ppr—y
Cid Y

2 ) L
]
i

+
e
4

v

4 I 237

=
E - bk
; E
. 2 2
L4
2
6.0' >
N 5
‘».
’
. i
ar 5.°~ o
z
=
4
®

MEAN CORRECT RESPONSES

[

L ]

o
[l
v

Rty AL A ummmmmmmmmmwm
MEAN CORRELT RFZPONSES
~ . i N ?‘
° Fa)
' [l
 § L)

7EST TRIALS

FPig. A-13 Bxperisent X: Learning curves for Conditions tvec-v, CCC-¥, cvc.;sp.. CCC-i, and
cvc-ap:m; grade 5.

640 1

-
N o
(U
-+
"
[+)Y
-
o
(Vo]
)
P R

S.OG-

TN

1.04

TEST TRIALS

L]

- -, - d
Fig. A-1% Experiment X: Lsarning curves for Conditions CVC-V¥, CCC v, CY¥C Aap., CCC~-A, &n

cve-As, 3 grade 6.

.......

1

-
G,
s

b
St T e




S0 T

MEAN CORRECT RESPONSES

104 fff""“/

-
e~
a2 & [t [ 2 : : : :
; 2 3 k S 6 ? 8 9 10
TEST TRIALS
Fig. A-15 Zxperiment Xi: Learaing curves for Conditions A, B, B*, €, D, and E; grade 4.
6.0 4
5.0 L 3
a
[ ]
g no
g 3.0 C 3
a.ocl
e .07
" o o Y o 2 . 2 2 I
T - ¥ 11 -1 1 ] 14 T 1 4 14 4
g1 . 1 2 . 3 k 5 6 ? 8 9 10
; R : TEST TRIALS
‘E Q’/j’“ ’ ‘ - ’ = . . )
’ ‘> . 7ig. A+16 Experiment XI: Learaing curves for Conditions A, B, 8. C, D, and E; grade 5.

—?
[
' PO R
a0 Ay

oy

¢

A —

NS




+ T
&

o
AR
\0.»‘-‘.;

(405"

£

°

Q
2

MEAY. CORRECT RESPONSES

W
°

o

2

&

5 S

5 6
TEST TRIALS

Fig., A-17 Experiment XI: Learning curves for Conditions A, B, B*, €, D, and E; grade €.

MEAN CORRECT RESPOUNSES

A&
L}

5 6
_ TEST TRIALS

7ig. A-18 Experisment XII: Learning curves for Conditions 1A, 2A, 1B, and 2By grude 4,

| IR
e




f ir
o
']

-

(X

»

o
Y

MUAN' CORRECY RENPONSES .. . .

: ’ 2,0

0

3 . - 3 2 FTAIEIW eraw-;ma—ﬁ-‘-”' a

%

'y ' 'y [} £

il

5.0

"

2 i R ki Wl ™ N 1y

£ 4

. 2
oAk

2
1 ] ~ ] ] . < -

1 2 3 & 5 & 7
R8T TRIALS

0

ot

oy

¥ig. A-19 3Sxperiment XII: Learning curves for Conditioas 1k and 24; grade 6.

gm’.v’&""”"'-:ﬂ Hed.

-
-

N\, W N

-
Loy W

- ..

e .»«...-,—r‘,_— g o e e = e z

e e o e e =

B O aainet ras -

grude "a.)

. ERIC
L

o $ ,\/r;

NS ‘\" - o
SN ,_,N/ h
\_r_ @ N

. ;
9:&; "W/‘%}‘% ;

v
s eh

P

- Y e

v

NS T R S A A S R 5 A PR X TR A S R A T R PP R O RS A




o
Viat e
Giai

iy
7

B
2
K

i

HMBAK &0

%

o
.

" MEAN CORHECY RESPONSES

3.0¥

0t
Ly
-l
Tb

r§ p

TEST TRIALS

Pip. A-23  Expsriesat AYII: Leurnizg cucvea for three cxperimental sonditiona; grade 5.

b

.

(=)
A

3.0

2,0

§

A

tom

- TEST THIALS

4 ] i 2
- 8 3 10

et 3XIls Learning curves for fhrai expe1 .seatal conditions; grade 6.

A iy

Ly e
P

7 X Ui’ K \ LIk Ltk Cidacy

K,

h

"

AL

ot A7 O A% 2 SV A DA b i Gt ot

P Y AR LR A ST

L 0 g il b G £ S\ € 0 | &SN o )

-l o wl‘ .; a .. n‘:"il-



(Al
o
rQV‘
R RS

<
r—
A

e 1: \‘"”ll‘-"
. R .v/p 4
(AT

) 1"-\9

A

3 o
e 2

DL
T AT WO I

AT

vt A

DIRECTIONS FOR COLLECTION OF
' ASSOCIATION VATLUES -

Oxn the'pége(é) we gave you, there ars sets of letters followed
\by-dYeS“ and "Ho''. . What we want you to do¢ is to tell us if these
seté of letters are like words. We have given these lists to
grown-ups, (college students and pecple like your parents) and they
havé told us tﬁatrséme of these sets of letters are more like words
than others. We want to know if you fsel the same wéy about %ﬁem.'

Look at each one of the sets of ietters seﬁarately and ask
yourself the following questions:

is it a word?

Deoes it gggg’like a word?

Does it remind me of a word?

Can I use 1t in a sentence?

If you feel that you could answer any one of thése’questions
"Yes", then place a checkmark or an X after "Yes" following those
letters, If you feel that all the questions should be answered "No'',
then put the checkmark or X after the "No" following those letters.
Do this with each set of letters. Don't skip any.

This isn't a test of any kind. Thefe are no right or wrong
answers to these seis of letters. A particular set of letters may
geem like a word to you buf not to your neighbor, so don't worry
about what his answers aree.

One thing more: Don't think to yourseif "These are all letters

and words aie'made up of letters, so 1'll answer them all tyes!," or
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#None of these are actually words so I'll answer them all 'mof." This
isn't wyat #é want. dJust 1obk_a§ each'set of 1eftérs separately and
fij‘tﬁ decide if it seems like a word. Don't skip any of them..
‘Answer ;very one.. Tﬁere is.no time limit but this shouldn't take y&u
ibp 16ng. If you can't read some of‘the letters, raise youf hand ané

we'll teliAyou what they are,

S e camae w

(Start them to work. If they ask questions like "Can I read it back-
wards?'", just repeat "If it reminds you of a word, answer it ‘yes'.")
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- -CVG-50 ‘
Or_der 1l i
1. M AT T Yes __No__ .zl Yes __No __ |
- . o KEZ : Yes ___ No ___- . WAM . Yes ___No
- NAB "~ Yes - No ‘. “ GAN Yes No {V
; X8~ Yes __ No KUL ' Yes No
f/ : - HES ,— Yes - No - BYG Yes No
KIH Yes ___ Ne ___ | BEJ Yes __ Wo
- - xEE - Yes —_Fo__ . COF . TYes No ___. .
iR HIK Yes ___ No __ FIP Yes __ No __ N
| QAZ . Yes __ No ' ? LUN .~ Yes __ No __
RN Yes __ o LAV Yes ___No ___
. REB  Yes No , NYJ Yes ___ No ____
. PIM Yes No WOodJ Yes ___ No ___
- SAF Yes No ___ PIL Yes ___ No ___
JID Yes No ' - CIL Yes __ No ____
| PAG Yes ___ No XIM Yes __ No ___
’ QAM Yes No HEX Yes ___ No ___
, ' 2EG Yes No ” NEZ Yes _ . No ___
* Vis Yes No | LYG Yes ___ No ___
TAZ Yes No ’ DYL Yes __ No ___
KYT ~ Yes Wo o DOR Yes ___ No ___
o ’ TER Yes No TUS Yes ____ No ___
-2 WUB Yes ___No ____ DAQ Yes ___No ___
“ | EE BIF Yes No FYT Yes ___ No ____
HUK Yes __ No ___ Q0J Yes ___ No ____
] ’ o M - Yes Ko MOV Yes ___No ____ k
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CVC-100
Order 2 (cont.)
KUL Yes No KiG Yes Ko
SYB Yes No DAQ Yes No
KEZ Yes No LOF Yes No
QYH Yes o WUB Yes No
Q0J Yes No LUN Yes Ho
CiX Yes No NEM Yes No
20T - Yes Ko COF Yes No
CER Yes No XEG Yes No
DOB Yes No MEN Yes No
RUN Yes No FIP Yes No )
NYJ Yes No XEC Yes No ;
TUS Yes No ZUP Yes No ?
LIR Tes No TYV Yes No |
GAN Yes Po BIF Yes No :
WOL Yes No NEV Yes No
HUK Yes No PIL Yes No
PIM Yes No XYH Yes No
MOV Yes No HEX Yes No
i NEZ Yes No YAT Yes No
& MIV Yes No KEB Yes No
},:, CYL Yes No GEC Yes No
%'— LAY Yes No WYK Yes No
f_; A Yes No VAF Yes No
%J : XIM Yes No QAZ Yes No
£ VUR Yes No QYM Yes No
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€CC-CVC
Form B
Order 2
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CCC~-CVC
Form H
Order 3
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TWN
JMP
DNT
ZNG
CEN
GQC
RGW
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FNK
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KBF
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LFT
DWB
HPR
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CCC-CVC
Form H
Order 4
WOL Yes ___ Yo ____ TWN Yes No .‘g
GEC Yes ___ No ___ JMP Yes No
YUD Yes ___ No ____ ~~DNT Yes No
MEN Yes ___ No __ ZNG Yes Ng
WYK Yes ___ No ___ CFN Yes No
Sid | Yes ___ No _ GQC Yes No
CER Yes - No __ _ RGW Yes No
DYL Yes No BMG Yes __ No ___
DOR Yes __ No __ THZ Yes ___ No ___
FIP Yes __ No ___ KNG- Yes ____ No ___
- KEB Yes ___ No ___ SIW Yes ___ No ___
DAQ Yes ___ Ko ___ HNW Yes _ No ___
MUF Yes ' No ___ BLP Yes ___ No ___
WAM Yes ____ No ___ S [ Yes ___ No ___
KOS Yes _ __No ___ NCK Yes __ No ___
Q0Jd Yes ___ No ___ FNK Yes ___ No ___
REB Yes _ - No __ WRZ Yes ___ No ___
XEG Yes ____No ____ KBF Yes __ No __
VAF Yes Nc: - PTL- Yes ___ No __
QIC Yes __._No ___ LFT Yes ___ No ___
t NAB Yes ___ o _ DWB Yes ___ No ____
- DOB Yes _ - No ___ HPR Yes __ No ___
JIs Yes _ _No ____ -NQS Yes __ No __
) HUK Yes ___ No ___ PZK Yes ___ No _ _
ZCT Yes ___ No __ TCJ Yes ____ No ___
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