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STATEMENT OF FOCUS

The Wisconsin Research and Development Center for Cognitive Learning
focuses on contributing t> a better understanding of cognitive learning by
children and youth and to the imprcvement of related educational practices.
The strategy for research and ievelopment is comprehensive. It includes
basic research to generate new knowledge about the conditions and proces~
ses of learning and about the processes of instruction, and the subsequent
development of research-based {nstructional materials, many of which are
desligned for use by teachers and others for use by students. These mate-
rials are tested and reiined in school settings, Throughout these operations
behavioral scientists, curriculum expe:.s, academic scholars, and school
people interact, insuring that the results of Center activities are based
soundly on knowledge of subject matter and cognitive learning and that they
are applied to the improvement of educational practice.

This Technical Report is from the Project on Variables and Processes in
Cognitive Learning in Pregrari 1, Conditicns and Processes of Learning.
General objectives of the Program are to generate knowledge and develop
general taxonomies, models, or theori2s of cognitive izarning, and to
utilize the knowledge in the development of curriculum materials and pro-
cedures. Contributing to these Program objectives, this project has these
objectives: to ascertain the important variables in cognitive learning and
to apply relevant knowledge to the development of instructional materials
and to the programming of instruc.ion for individual students; to clarify
the basic processes and abilities involved in concept learning; and to de-
velop a system of tndividually guided motivation for use in the elementary
school.
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INTRODUCTION

Recent theories of verbal memory have hy-
»othesized that memory for a stimulus 1s not
represented by a unitary memory trace, but
rather by a coding on several attributes of the
event (Bower, 1357; Underwood, 1969}. The
inventory of attributes proposed by Underwood
(1969) can be divided {nto those specific to
the stimvlus words themselves, and those
which refe- to supra-stimulus propertles, such
1s temporal or spatial position cor generic fea-
tures of the stimuli as a group, Stimulus-
specific properties can in turn be divided into
physical attributes of the stimulus, such as
ccoustic or orthograghic features, and assn-
clative, or semantic, attributes.

Underwood (1969) points out that different
attributes may be characterlzed by different
acquisitions and forgetting functions, but
Ates the paucitv of research related to this
question, Broadbent's (1958) informati~i pro-
cessing model proposes that information enters
first into a scnsory store and then into a per-
ceptual store. The sensory store is pre-
categorical and transitory, while the percep-
tual store 18 post-interpretive, larger, and
more permanent. If the sensory store {s con-
sidered to be specific to physical information
and the perceptual store to meaning or seman-
tiz information, then Broadbent's theory woulc
suggest that physical Information should be-
como unaveilable before semantic {nformation.

O
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Consistent with this hypothesis, Baddeley
and Dale (1966) have reported that acoustically
confusable alternatives inhlblt correct recog-
nition of materlal in short-term store, but not
{n long-term store. The reverse is true when
somantically confusable alternatives are used
(Baddel 1y, 1966), Gratala (1370) has obtalned
similar findings with grade school children. In
a recognition memory tas% children who were
tested immediately chose acoustically confus-
able folls as often as semantically confusabla
ones, After 48 hours, tha incidence of acous-
tic confuslons was conslderably reduced rela-
tive to semantic confusions.

The present experlment tested the differen-
tial forgetting hypothesls in a different way.

[t was assumed that If acoustic and orthographic
attributes aré indeed different and at least par-
tially indapendent, then ln a continuous recog-
nition task in which words are presented either
visually or auditore .y, cross- mod 1lity matches
should be more difficult than same-modality
matches, Furthermore, if physical attributes
are lost before semantic attributes, this differ-
ence In difficulty shouid decrease as the num-
ber of intervening itemt between presentation
and test Increases,

It was also hypothesized that physlcal prop-
erties would be relatively more relevant for cor-
rect recognition of rare words tha;i common
words since rare words should arouse a irore
limited part of the semantic system,
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METHOD

SUBJECTS

Twenty male adults, employes of the Wis~
coasin Research and Development Center,
served tndividually In two sesslons separated
by at least one day.

MATERIALS AND APPARATUS

Two lists of two-syllable nouns were gen-
erated from the Thorndike-Torge (1944) word
count. One list was compesed of cammon
words, occurring at least 50 times per mll-
lton. The other was made up of rare words
occurring less than four times per million.

The words comprised almost the entire popu-
lation of words conforming to the above re-
strictiens.

Each list was 413 items long, with 160 {tem
palrs, or 320 {tems, actually used In the analy-
sis. The remalning items were elther primers
used at tha beginning of the word 11st te build
up material §n store, or else filler Items used
at the end of the list. The first and second
occurrence of an item pair was separated by
elther 12, 24, 48, or 96 intervening items,
with 40-item palrs tested at each interval,
Tor 20-item pairs at each interval both occur-
rences of the palr were presented in the same
modality —auditory-auditory (A-A} for 10 item
pairs and visual-visual (V-V) for the remaln~
ing 10 pairs. For theremalning 20 ite~ paird,
the two occurrences of the item were [ esented

In different modalitles—10 A-V pairs and 10
V- A palrs. Werde were ordered randomly In
the lists, except that an attempt was made to
separate conceptually or acoustically similar
words by at least one Item 1o minimlee the use
of clustering strategles,

O
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The lists were typed on vellum memory drum
tape and presented on a Stowe memory drum.,
When a word was to be presented visually; It
was typed on the tape in Ellte capital letters.
When a word was to be presented auditorally,
a blank space was left on the tape.

Subjects wore Koss earphones which were
connected tothe output ofonc channel of a two-
channel Ampex tape recorder. The Input te this
channel was a mlcrophone used by E, a 1aie,
to present the auditory stimull. A second mi-
crophone was worn by S, and delivered his re-
sponses to the second channel of the recorder,
Thus, one chanuel of the recorder was used to
record the words presented ~udltorally and to
present these werds to § over the earphones.,
The second channel tecorded S's responses,

PROCEDURE

The S was seated on one s.de of a desk
which nad been cut to allow the excess crum
tape ‘o pass througi. the desk top and into a
box. The E sat on the opposite side of the
dask separated from § by a wooden partl-
tion., After the mlcrophone and earphones were
placed on 8, the procedure was explalned.

During presentatfon of the list, E followed
a script which indicated the modality of each
stimulus. At each turn of the memory drum a
word elt-er appeared in the w~indow of the drum
or was read from the script by E. A new word
vias presented every 2 seconds.

Each 8 recelved both stimulus lists., Half
of the S8 saw the common llst In the first ses-
slon und the rare list In the second session,
For the remalning half, the order was reversed.
During sooring of the tapes, §'s final response
before th~ presentation of the next item was
consfdevcd as the valld response.
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RESULTS

Frror frequencies comprised the data for

analysis. The two possible types of errors,
misses and false-alerms, were analyzed sep-
arately.

MISSES

Misses were analyzed in an analysis of
variance with modality of first stimulus, mo-
dalty of second stimulus, list (common or
rare), and interval (12, 24, 48, or 96 inter-
vening items) as within-aubject factors. Or-
der of presentation of the two lists was a be-
tween-subject factor. In order 1o cormrect for
unequal variances at the different intervals
the data were transformed by applying the
formula log (N + 1) to each error scora,

As expected, more rilsses occurred as the
number of Intervening items Increased, F(3,
S6) = 57,40; p < .001. Performance on the
two lists did not differ (F = 1,03). There was
also no cffect of modality of either the firit
or second stimulus. There wag, however, an
tnteraction between list and order of bresenta-
tion, F(l, 18) = 9,59 < .01, reflecting the
fact that fewer misses were made on the com-
mon list when It was presented in the first
eassion than in the second session.

Of primary interest in the present study is
the diffezance between same and mixed modal-
ity presentation. As predicted, this factor,
represented by the Interaction of modality of
first stimulus and modality of second stimulus,
was significant, with F(1, 18} = 6,03, p <
.025. This difference Interacted with the in-
terval between first and second occurrence of
the stimulus, F(3, 54) = 3,70; p < .025. The
interaction is shown In Figure 1, At the first
three intervals more etrors were made on
mixed-modality than same-modality pairs. At
the largest interval the order {8 reversed, with
a somewhat greater number of errors being
made on same-modality pairs.
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Py 1 1 1
12 u 48 [
Number of intervening kems
Figure 1. Number of Misses for Same- and

Mixed~Modality Pairs as a Func-
tion of Number of Intervening
Items Between First and Second
Presentation

The effects of modality and interval were
somewhat diiferent for the common and rare
words, as expressed by a significant quadru-
ple interaction of the four within-subject vari-
ables, F(3, 54) = 3,73; p < .025. Table 1
shows the mean number of same- and mixed-
modality errors and associated t values at each
interval for the two lists. For the rare words
the superiority of same-modality pairs is sig-
nifica it at the three shorter intervals. At the
longest int:tval there is a reversal, significant
at the .05 level by a two-talled test. For the
common list, with the exception of the second
interval, there seems to be a moderate sunert-
ority of same-modality presentation throughout.
If, however, one considers the percent of total
errors which are mixed-modality errors, thus

5
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Table 1

Mean Number of Migees on Same~- and
Mixed-Modallty Palrs for Common and Rare Word Lists

Interval
12 24 48 96
Same 1,20 2,40 2,35 4,85
Common Mixed 1.65 2,490 3.uu 5,45
t 1.339+ 0.000 1,250 1,015
Same 1.30 1.90 2.50 6,20
Rare Mixed 2.10 2,85 3.95 4,65
t 2,430%%% 2,298%*x 2,549%%% ~2,210%*
*p < ,10
*%p < (0§
seep < 025

for correctIng for scale, there is a slight de -
crease Inthe different-modality errors fram the
third to the fourth intervals {56,07% versus
52.91%),

FALSE ALARMS

Over twice as many false-alarms were given
to common words as to rare words, F(1, 18’ =
26.80; p < ,G01. A signlficant interaction be-
tween list and order, F{l, 18) = 5.58; p < ,05
reflests the fact that fewer false-alarms were
given on the common llst when it was pre-
sented second than whan presented first. To-~
gether with the Interacticn formisses reported

.10,

above this finding implies that Ss' adopted a
more conservative criterion for an "old“ re-
sponse on the common llst when it occurred
In the second sesston. A much smaller cri~
terion shift in the opposite direction was ob-
served for rare words,

The triple interaction oflist, modality, and
order wa: slso signlficant, F(1, 18) = B.64;
g < .0l. InSession 1, regardless of which
1ist was presented, more false-alirms were
gliven io auditory stimuli than to visual., For
Session 2 the sltuation was reversed, with
more false~alarms given t> visual stimull,
Roughly compensatory results were found for
misses, agaln sufggesting a criterion shift
from first to second session.
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DISCUSSION

A multi-attribute theory of memory would
predict that to the degree that modality~
spz :ific physical features are used {n the
recognition process, recognition for same-
modality pairs should be factlitated relative
to mixed-modality pairs. This result was
found In the present study. Modality ltself
was not a significant factor in the analyses
of efther misses or false-alarms.

The hypothesls that the modallty effect
would diminish as the number of intervening
ftems increased was not supported in a clear-
cut way because of the differert patterns of
misses made on the high- and low-fre Tuency
lists. The modality effect was relatively small
for the high-frequency words and did not
change with interval. The superiority of same-
modality presentatlion was more marked for low
frequency, than high-frequency, words at the
first three intervals. This was predicted on
the assumption that at the fast presentation
rate used the rare words would arouse a more
limited part of the meaning structure, making
physical features relatively more sallent for
their recognition, But the significant superli-
ority of mixed-modality presentation at the 96-
item interval cannot be explained merely by
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the decay of physical feature Information. This
result 1s probably not an artifact of the words
used at that interval since it is found in the
comparlson of both A-A with A-V and V-V with
v-A ftems. It was also replicated with a dif-
ferent sample.,

One possibility 1s that after 96 items of
rapidly presented words a large amount of in=
terference 1s present at the physical feature
levei. A test item inthe s2ine modality as
the origlinal item may be judged new on the
basis of an inadequate test on physical fea-
tures. A test item on a different modality may,
on the other hand, undergo a more {mmediate
test at the semantic level. For the rare words,
which are hypothesized to arouse a .nore
ltmited part of the meaning structure than the
common words, relatively less interference
should be present at the semantic level than
at the physical feature level after 96 interven=
ing items, resulting In the superlority of mixed-
modality prasentation at that level. The find -
ing of fewer false-alarms for rare words, sug-
gesting that less sémantic Interference accu-
mulates in this list than in the list of common
words, provides same support for this admit
tedly post hoc explanation,
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