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THE MODALITY EFFECT:
1S PRECATEGORICAL ACOUSTIC STORAGE RESPONSIBLE? *

RANDALL W, ENGLE®
King College, Bristol, Tonneyios

Auditory preseotation typheally gives better performance than visoal preseos
totion in short-term mewory experiments,  This modality effect s theorieed
to be due o 9 precategorical scoustic store (PAB).  Two experiments wers
conducted vsing the seifix provedure with free or veriol revall of words. The
fincdings did not support the PAY interpretation of modatity effects as it now
stands,  That is, the sufix did not eliminate the medality effect which it
should have gocording to the PAS interpretstion,

The question is a very old one.  Does
auditory presentation of materials to be
fearned or remembered result in better
learning or miemory than those materianls
presented visually, or vice versa? A corre-
sponding question that haz atiracted con.
siderable intercst is whether some people
have primarily avuditory memories while
others favor the wvisusl modality, This
paper is concerned primarily with the indtinl
guestion.  H uncertainty is arovsed by the
second question then the reader is referved
to Jensen (1971) for a partial answer.

A great deal of evidence has been come
piled recently that modality of presenta-
tion 18 a potent variable in short-torm
memory experiments.  The usual Bodiog
e that retention in nmediate memory is
much better for avditorily presested ma-
terials than for those presented wisually,
There iz also evidence that visual presen-
tation with concomitant vocalization of the
material leads to better performance than
just wisual presentation {(Murray, 1966),
The supremacy of auditory presentation,
known as the modality effect, has been
observed usiop pairedeassoctates (Murdock,
1966 and free recall (Craik, 1964 as well
as paradigrs involving order information
{Murdork, 19673 The modality effect is
typically obtained with both recall and
recognition type retention tests

Pihe experiments were conducted as part of a
sendor seminar by Clen Camenish, Loke Houchins,
Fathy Laoe, Terel Macroy, Wil Kobseley, Joba
Seraweden pond Sandy Sharp,

* Raguests for reprists shounld be sent o Bandall
Engle, Department of Paychology, Hing College,
Bristol, Tenvessee 37670,

In single-trial free recall situations the
auditory superiority is most prominent
over the last four or five scrial joput posi-
tions, in other words, the reconcy items.
The earlicr list items seem to be aflected
very little by modality manipulations ex-
copt that occasionally a slight facilitation
is found for the visual group on the primacy
ftems (Craik, 1969 Aurdnck, 1966),

Craik (1969) and Murdock and Walker
{1969) have attempied to delincate the
theoretical implications for modality cffects
in short-term memory. One explanation
for the results is that the short-ferm store
is primarily auditory or acoustic in nature
and auditorily presented materials enter
the TS directly but wisually presented
materials must be translated into the
acoustic code.  This notion would predict
auditory supremacy for all serial input
positions and not, as is typically found,
just those at the terminal end of the input
list. Therefore, this idea seems to be some-
what discounted.

Another explanation makes use of pre-
pererptual or prelinguistic stores.  This
explanation takes two forms, Crowder
and Morton (1969 and Crowder {1970)
have proposed that there is a precategorical
acoustic store (PAS) similar in nature to
the visual icon {Meisser, 1967) except of a
longer duration. They argue that PAS is
capable of holding information sufficiently
long to affect the immediate memory task
{on the order of 2 sec),  Information is
supposedly lost from PAS due to displaee-
ment by subsequent acoustic events and/or
decay with the passage of time. Crowder
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posits that presence of this prelinguistic
infarmation for auditory presentation is
responsible for the modality effect. Crowder
and Morton see no need for separate Jong-
term and short-term memory stores, They
feed that the concept of a PAS coupled with
some form of articulatory coding makes
the notion of a short-term store counter-
productive,

The other attempt to explain the mo-
dality effect also relies on the notion of a
PAS. Craik (1969) argues that the su-
periority of auditory presentation over the
recency portion of serial position retention
curves reflects the output from a poste
linguistic or posteategorical short-term store
which is isell indifferent with respect to
input mode but which can, in some in-
stances, be augmented by relatively une
processed information still present in the
visual and acoustic stores (fcon and PAS).
The modality effect is viewed as resulting
from output from the short-term store
being supplemented by the information in
PAS for auditory presentation. Since the
icon decays too quickly to be of benefit for
visunily presented items, the recency effect
in single-trial immediate free recall is con-
gidered o be pure ocutput from the short-
term store,

As a phenomenon, the PAS has been
studied almost exclusively by something
called the suffix techuigue. The wsual
procedure, perfected by Crowder and his
colleagues, is to present a sequence of items
(typically digits) auditorily with a redun-
dant nonrecalied seflix following the last
itermn,  This suffix is usually something like
the word “zero” spoken at the end of each
Hist. The serial recall data typically take
the form of an increase in errors over the
terminal {two-three) items in the suffix
group as compared to a nonsuffix control
group. Theoretically, the acoustic repre-
sentation of the last few items in the list
is still in the PAS at the time the suffix is
presented and when the suffix enters the
store it overwrites or interferes with the
acoustic representation already there,

Since both major theoretic notions re-
garding modality offects rely on the PAS
concept it seemed that the suffix procedure

might be a uselul converging operation to
tease out those factors involved in the in-
terpretation of the modality phenomenon.
The first experiment was set up to be a
simple demonstration that the suffix pro-
cedure would eliminate the superiority of
auditory presentation over the terminal
items in single-trial immediate free recall.
This did not prove to be the case and thus
led to the second experiment.

Expenrment |

In terms of the PAS explanation, a
redundant nonrecalled word at the end of
auditorily and visually presented lists
should have differentinl effccts. I the
suffix climinates the ancillary information
wsually available in PAS for anditory pre-
gentation then the avditery suffix group
should become exactly fike the visual suffix
and nonsuffix groups over the terminal or
recency items  In other words, the pre.
diction of Craik (1969} and Crowder {1970}
should be that the suffix would affect the
visual groups little, if at all. The auditory
nonsuffix group should exhibit the typical
supremacy over the visual groups for the
terminal items, while the auditory suffin
group, as a consequence of having the
extra PAS information removed, should be
no different than the visual groups. This
should yield a Modality X Soffix and a
Modality X Suffix X Serial Position inter-
notion effect.

Method

Maerials,  Twentydour tate of 12 iteow esch
were composed from the Kugera and Francis (1967)
porms.,  The lists were recorded for suditory pee-
sentation at & lee vate and typed om paper for
visusl presentation by memory deom (also st s
Losor, rate), Each list was wsed in both sullix end
nonsuffiz conditions bot aever with the same 3.

Devign,  Hall of the Ss received the Bsts via
audditory presentation and half by the vissal mode.
The visual and auditory groups were further sub.
divided into within-subjects suffin avd nonsulx
conditions.  In the sufix condition the lets eaded
with the woed "gero.”  The “gevo™ was not to be
reeabliod and 5 was wold to either ure it a8 5 cue to
recall o ignore it sltogether i be so desiced. The
nonsuffin Bsis, of cowse, vonsisted of just the 12
words without the suffin.  The 5o vorved in the
anflin woed nonsuffix conditions in mpurate ball-hour
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Frovmn 1. Blean free recall as a function of sorial
position, modatity (auditory—»A, or visual-—%) and
preseace (8] or abwence (65 of o suflix,

seastons (11 lists per session) separated by 24 he.
The order of the suffix and sonsuffix sessions and
set of lists in the twy sessions were counterbalanced
across subjects,

Subjects, The design above resulted in eight dil-
ferent conditions and since cach of the four experis
menters ran 1.5 in each condition, 32 S8 wore
needed. The Ss were eollege sophomores nt King
College and served as part of a course requivement,

Procedure.  The 5 was seated at a table facing
vither a Lalayette memory drsm or Sony tape
reenmder depending oo the approprinte eondition,
The 8 was instructed 1o reeadl the words in aay
order he deemed desirable with 60 see. allowed for
hiny 1o write his recndl in o prepared booklet,

Hesults

The data from the first two lists in cach
session were discarded as practice Ysts,
The recall data for cach serial input posi-
tion were combined across the remaining
10 lists for each of the four major condi-
tions and these are depicted in Figure 1.
Analysis of variance on the two modalities,
two sffix conditions, and 12 serial posi-
tions showed that only the main effect of
serial position and the Modality X Serial
Position interaction were signiicant.  The
matine effect of Serial Position resulted in
FOuy, 330 = 56.06, p < 001, and the
Muodality X Serial Position interaction re-
sulted in F (11, 330) = 7.10, p < .00L
Neither the Modality X Suffix nor Madal-
ity X Position X Suffix interactions were
significant, contrary to the predictions of
the PAS interpretation of the modality
effect, Both interactions resulted in F < 1,
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The absence of a Modality muin effect,
FOL, 30 = 1.36, p » 10, seemed to be
due to the nearly perfect crossover of the
auditory and visual groups, as is clearly
shown in Figure 1. Therelore separate
analyses were carried out for Positions 14
and 9-12. The analysis on the primacy
items (1-4) resulted in significant Position,
F{3,90) = 32.38, p < .001, and Modality,
F (1, 30) = 506, p < .01, main effects.
This indicates that, for the four primacy
positions, the visund presentation was, in
fact, superior to the auditory presentation.

Of more importance to the present study
was the analysis of the terminal positions
{(9-12).  Awlitory presentation was su-
perior 1o visual presentation, F (1, 30) =
8.58, p < 001, showing the usual modality
effect for the recency itoms,  The Suffix
and Serial Position main effects were also
significant, with F (1, 30) = 5,03, p < .01,
and F (3, 90) = 54.49, p < .001, respec-
tively, None of the interactions were sig-
nificant including the predicted Modality
X Suffix interaction which resulted, again,
in F < 1. This means that auditory pre-
sentation was superior to visual presenta-
tion for all four terminal positions and that
the suthix did hinder recall for these termi-
nal items, But it also means that the
suffix was equally effective on these termi-
nal items for bLoth auditory and wvisual
Eroups.

A further post hoc analysis was con-
ducted in an attempt to ascertain the locus
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Frovee 2. Mean output position as a funetion

o serial position, modality {suditory —A, ot visual
4"} and presence (5) or abeence (N5} of o suffix,




827

of the rather surprising experimental ree
sults,  Following the lead of Murdock and
Walker {19697 the output order of the re-
ecalled ems was anadyzed, Figure 2 shows
the mean output position as a fosction of
the recalled fems inpat position. As can
hie seen from this Figere there are no major
hetween-groups differcinces,

IHscussion

Let ua first dispense with the superiority nf
the wisual groups to the anditory groops for
the primacy items,  As was mentioned in the
tntrocduction Lo this paper, this s an occasionad
resutt of modality  experiments. Murdoek
{(1966)Y ured four or six paired-associnies with
pue of the pairs belog wested for retention,
For his »ix item Hate e found superiority for
the visual presentation on the primacy itens,
Cratk (1969), among others, bas obtained this
result with free recall, Lo, better performance
on positions -3 for visual presentation than
auditory presentation,  Jensen (1971} has abo
reported data in which visunl presentation is
superior to auditory presentation,  He wed
the memory span procedure and preseated
digits either visually or auwditorily,  The S»
recalied either immediately after presentation
vr after a delay of 10 wee, filled with a re-
hearsal preventative taxk,  Jensen found that,
with immediate recall, auditory preseatation
was sHghtly superior to visual presentiation,
However, the delaved yecall results exhibited
wmach better perlormance for the visual group
than for the auditory group,

A probable explanation s that visual s
periority in these situations s due to differ-
ential cumulative rehearsal soratepies. Waugh
(1000 has suggested that dight series are re-
hearsed cumdatively and Rupdis and Atkin.
son {1970) have demonstrated thst Sx in a
free recall task do rebearse in a cumulative
manner.  Corballis (1966} found that with
digit ntrings presented visually Ss did cwmuata-
tively rehearse but with auditorily presented
strings there was very litthe cumulative se-
hearsal,  Many suljects report s kind of
“poho hox' phenomenon with anditory pre-
sentation which would A2 the PAS model, This
rpuite likely leads the 5 in auditory groups o
rehearse boss or at least differentdy than the 8
in a visgal group,  The avditory 8 would be a
great deal more passdve and rely on the Vecho
b’ white the visual 8 would need to rehearse
in spme maneser,  This would explain the difs
ferences for the primacy positions,  This would
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aleo eaplain Jensen's (1971) findings since the
PAS (Yecho box”) would decay leaving the
auditory § with very little remaining informa-
tion,  The visual 5, on the other hand, would
e better off on delayed recall sinee he re-
hearsed the items. Other possible support for
the rchearsal differences notion come from
the fact that in free recall situations, facilitated
primacy for visual items is wsually observed
when the subject serves in oply the visual
group or only the auditory group, Le., between-
Ss designs, and is not observed in within-Ss
designs,  See Crak's (1969 two experiments
as evidence for this informal observation.

With respect to the analysis of the terminal
pessitions, the prediction of the PAS explana-
tion of modality effects seemed to be that the
suftin should bave chminated any superiority
for the auditory group over the visual group.
The wuthx did hinder recall but it did o0 for
both the auditory and wvisual groups.,  And
the suffix did not bring the auditory group
down to the fevel of the vieual nonsufhx group.
Tl plearly dovs not support the PAS interpre.
tation,  Omne possibifity for the contradiction
hetween present Godiogs and prior sufix pro-
coedure results might be that prior experiments
uning the suffix have typically used erial recall
wherea~ the present experiment made use of
free recall,

Eaxrpmment 1

Since most previous oxperiments using
the suffix procedure 1o study PAS have
used seriad recall, o second experiment was
conducted to test the possibility that type
of retention test contributed to the {adlure
to support the PAS interpretation of mo-
dality effects,

Method

The same materials and design were used as in
Experiment 1 with the exception that Ss were in-
styucted to recall the items in the order they were
presented.  The Se were 31 introductory peyehology
students who served as part of & course requirement.

Results

Again, the first two lsts in each session
were discarded as proctice Hsts.  The serial
position curves are shown in Figure 3
The overall analysis of vartance resulted
in significant offects of Serial Posivion, F
(11, 330) = 18,28, p < .01, Modality X
Suthie, F (1, 30) = 12.76, p < .04, and Mo-
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Fiouvae 3. Mesn sorial vecall as a function of

gevial position, modality (reditory—38, or yisual
W) and presence {5) or absence {N5) of a sulfix,

dality X Serial Position, F (11, 330} =
1.78, p < .05, Since the thrust of the
study was aimed at the terminal positions,
a further analysis was performed on Posi-
tions 9-12.  This analysis resulted in a
significant offect of Maodality, F (1, 30) =
5.36, p < .03, showing that, for the termi-
nal positions, auditory presentation was
superior to visual presentation. The main
offvct of Suffix was not significant, F (1, 30)
= 3.84, p > .03, but the Modality X Suffix
interaction was significant, F (1, 30} =
13.77, p < .01, Paired comparisons showed
the auditory suthx group to be lower than
the auditory nonsuffix group, { (30) = 2.40,
p < .03, but still significantly higher than
the visual norsufix group, ¢ (30) = 2,29,
p < .05, So the suffix was effective, as the
"AS interpretation predicts, in decreasing
recall for auditorily preseated terminal
wems.  Howewver, it still was not so coffece
tive as to make the auditory group identi-
cal (o the visual group,

Another point of interest is that inspoec-
tion of Figure 3 shows the visual superiority
for primacy items found in Experiment 1,
to be absent in the present experiment.
This supports the observation that the
visual supremacy over the primacy posi-
tioms is usually obtained with free recall,

BDiscussion

The PAS interpretation of modality effects
seemed to predict that the addition of a re-

dundant nonrecalled suffix to an auditorily
presen ted list would result in recall curves very
much like those of a visually presented Hst.
While the suffix did have derogatory effects in
both Experiment 1 and Experiment 11 it did
not elminate the superiority of auditory pre-
sentation over the recency positions.

There are several problems inherent in using
the present data (o argue about the contribu.

tion of PAS to the modality effects. As previ-

ously mentioned nearly all previous research
on the PAS has made use of serial recall of
<hort lists of digits, The current experiments
used lsts of words which were J-4 items
longer than the typical suffix provedure list.
Even though the second experiment used serial
revall, there is a great difference between sorind
coenll of an % ar Sitem st of readiby available
digits and that of a 12-item list of words of
consdderably lese availability and more se-
mantic content than the 10 digits,

Nevertheless, the precategorical acoustic
store, as propused by Crowder and Morton
{19603, should not be affected by the availa.
bility of the items «tored therein or their
semantic content.  Alww, the modality effect
is certainly found in ponordered recall tasks.
Therelore, these tasks should be amenable to
study.

e alternative might be to say that the
suffis i not completely effective in eliminating
the trace of those items tn PAS or that the
PAS is of longer duration than is typically
suggested.  Data pertinent to this point were
reported by Murdock and Walker 1065,
They randomly switched from auditory to
visual within a single list and observed audi.
tory superiority over a full 10-item list. This
represented five full seconds and if PAS s
responsible for their findings it must be of, at
least, S-uer. duration,

The Murdock and Walker {1909 study used
words and free recall, as did the present re-
search. This raises the completely specudative
possibility that PAS is physical in nature but
ite duration and capacity may depend on the
type of material presented, ie., phonemes,
digits, words, etc., and the type of task being
wsed,  This, of course, supgests some strategic
control over the PAS,

One last word of caution should be men-
tioned with regard to the decrease in perform.-
ance for the visual suffix group on terminal
items. There is no obvious reason why this
could have happened and Crowder and Morton
(1969) found no such effect of suflix on recall
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of a visually presented steing of digits. [t may,
therefore, be a spurious result.
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