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The influence of concurrent load on mouthed
and vocalized modality effects
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b task was coupled with the serial recall of words to assess the extent to which
mediated by vocaliving and silent mouthing reflect an automatically activated

preattentive process, Overall, serial position functions systematically changed as coneurrent task

demands increased, but the
vocalizing was not altered, regard]

nagnitude of the modality effect associated with both mouthing and
of whether or not subjects simultaneously searched for digits.

These results support the notion that modality effects index a preattentive process that can be
activated automatically by either spoken inpot or gestural cues associated with speech.

Sensory registers have been implicated as basic struc-
tural features of the huroan information processing sys-
tem and viewed as passive repositories that briefly
represent modality-specific primitive sensory information
(Atkinson & Shiffrin, 1968). For the auditory mode,
Neisser (1967) postulated the existence of an echoic
memory that temporarily preserves individual auditory
sound segments and enables the determination of com-
plete sound patterns.

Crowder and Morton (1969) formalized the first com-
prehensive theory of echoic memory, which was based
on the finding that the auditory presentation of a series
of verbal items leads to better recency performance than
does visual presentation (Convad & Hull, 1968 Corballis,
1966, Murray, 1966). They suggested that this modalivy
effect is mediated by a precategorical acoustic storage
{(PAS) systern that maintains the sensory features of au-
ditory input for several seconds, enabling a COmparison
between traces persisting in PAS and representations in
short-term memory. They further demonstrated that when
an additional notto-be-remembered auditory item (1.e.,
a suffix} follows the terminal list tem, the modality ef-
fect is eliminated, suggesting that PAS is sensitive to
masking and thereby limited to the retention of the final
unmasked item.

The present article concerns two of the properties that
Crowder and Morton (1969) attributed to PAS. First, as
the initial step in information processing, PAS was con-
ceptualized as precategorical, thereby preceding the ex-
traction of meaning and item identification on any level
higher than simple physical-feature analysis. As a corol-
lary, PAS was viewed as an automatically activated preat-
tentive store. Second, it was posited that PAS must be
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mediated by spoken input, be it active vocalization or pas-
sive Hstening, since these conditions produce both mo-
dality and suffix effects, whereas silent reading does not
(Conrad & Hull, 1968; Murray, 1966).

Evidence for a precategorical store was provided by
Maorton, Crowder, and Prussin (19713, who reported that
suffix effects vary only with changes in the physical fea-
tures of the stimulus material. Thus, manipulating the tax-
onomic relationship between list items and suffixes does
not change the suffix effect, whereas this effect is reduced
when the suffix and list items are presented in different
pitches, by different speakers, or to different ears.
Although these findings support the notion that suffix ef-
fects reflect a precategorical mechanism, they do not pro-
vide evidence for the corollary to this assumption, that
the process underlying these effects are preattentive.

Greenberg and Engle (1983) directly tested the preat-
tentive nature of PAS by requiring subjects to attend to
different suffixes that signaled either recall or nonrecall,
If the suffix effect reflects an attentional mechanism, then
increasing attention to a suffix should increase its effect.
Greenberg and Engle found, however, that forc ing atten-
tion to the suffix increased the suffix effect for pretermi-
nal items, but had little effect on terminal items. Converg-
ing evidence was found by Balota and Engle (1981), who
reported that the suffix effect associated with the final item
of auditory lists was not altered by the manipulation of
presentation rate or practice. These results support the
notion that attentional, strategic factors do not underlie
auditory suffix effects, and uphold Crowder and Morton’s
(1969) proposal that these effects are mediated by a preat-
tentive store,

Another characteristic that Crowder and Morton (196 }
attributed to their version of echoic memory is that
representation in PAS must be mediated by spoken in-
put, since listening to auditorily presented lists and
vocalizing visually presented items were the only condi-
tions under which modality and suffix effects were ob-
tained (Conrad & Hull, 1968; Murray, 1966), However,
subsequent studies have reported modality and suffix ef-
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According to the PAS model, when stimuli are s
or mouthed, performance is mediated by the abilities
to draw on working-memory capacity and to rely on
capacity-independent echoic memory processes. The per-
sistent traces in echoic memory produce the advant
of spoken or mouthed input over silent reading in the fi-
nal serial position. To the extent that a concurrent fask
reduces a subject’s ability to rely on working memory,
a remaining advantage may reflect a preattentive schoic
memory. Support for this conclusion would be demon-
strated if nwdsﬁir}/‘ effects associated with vocalizing and
mouthing can be obtained under both single- qmﬂ mm
task conditions and if the magnitude of these effects
not differ between tasks. Whereas reducing the abili
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predict that the magnitude of this difference should also
remain stable under concwrrent load conditions,

In contrast, if modality effects for vocalization and
mouthing reflect different underlying processes, then an
alternative pattern of results would be predicted. In the
single recall task, modality effects associated with Mh
mmﬁ%uw .m«i wwu mwg WOl {‘i m mmmﬂ WW

A58 ‘Mmﬁ wmm VO agx e wii wm&d m Hﬂf echoic
memory, and they should therefore show little change
a function of concurrent load. However, if mouthed re-
cency reflects working mernory, and if mouthing reduces
covert rel Vin working memory, then the addition
of a concurrent task that also requires resources should
have its greatest impact on mouthed Hsts. Recency as-
sociated with mouthing should be significantly reduced,
and the effect of concurrent load on these lists should more
mwﬁv resemble that of silently read lsts, thereby diverg-
mgg g s associated with vocaliy }“ﬁ&” hus, with
increases in concurrent load, the modality effect produced
by mouthing should decrease, and the difference in per-
formance on the final serial position of mouthed versus
vocalized lists should increase.
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RESULTS

Separate analyses were computed on the recall, reac-
tion time, and error rate s s, and all post hoe compar-
isons were computed with the Tukey H’% 0. W%M«;* Statisti-
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The analysis also yielded several other significant re-
sults. For all modalities of presentation, performance in
the single task was superior to both levels of the dual task,
é‘m«:ﬁ wmii Was wmwg“ w}wn the mmrtmw set %im was one

oy

“ﬁf”@}‘ T%mﬁ‘. ,M aﬁcummﬁ m:s mmmmmt ium} in-
creased. These results support the notion that the ability
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set size was three, performance on silently read lists
dropped Mgnmmm y more than that on mouthed and
vocalized lists [F(4,54) = 4.57, MS, = 9.20]. The anal-
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1, and significant interactions of modality % serial
position [F(14,189) = 18.59, MS§, = 30.50] and task x
serial position [F(14,378) = 25.99, MS. = 4.98]. No
other effects were wmmmmii}f M@niﬁﬁmw.

The recall analysis indicated clear modality effects in all
tasks, and one of the questions motivating this study was
whether the magnitude of the modality effect is influenced
by the attentional dermands of a concurrent task. There were
systernatic decreases in performance as concurrent task de-
mands increased, indicating that overall performance on
the recall task was constrained by a limited-capacity sys-
tem. The PAS model predicts that the modality effect does
not reflect such a system and should therefore not be in-
fluenced by concurrent load. With the modality effect de-
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that the magnitude of the modality effect is not influenced
by concurrent task demands, sapporting the contention that
modality effects may not be mediated by a limited-capacity
attentional system,

However, other explanations remain for the stability of
the modality. As can be seen in Figure 2, concurrent load
appears 1o have systematically affected performance for
all modalities in the same way. Increases in processes de-
mands corresponded to increases in recency and decre-
ments in primacy. Thus, the %MMMW of the modality ef-
fect may simply reflect a primacy-recency tradeoff. In
dual-task conditions, subjects are required to learn a
memory set while at the same time attempting to encode
and remember words. Becanse the memory set is critical
for performing the search task, the subjects may empha-
size learning these items at the beginning of each trial,
and abandon words presented at the same time. The larger
the memory set, the more the time required to learn i,
and the less the emphasis on words. Hence, primacy de-
creases, because the subjects attend more to the search
task at the beginning of each trial. As the difficulty of
this task increases, primacy decreases. Why, then, does
recency improve? One possibility is that when the memory
set is learned, more resources can be allocated to the
words. Because primacy tems are not well encoded, these
additional resources are dedicated to the end of the list
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The significant mmmmmm comprised ves/no X level m
29.44, M5,

difficulty [F(1,24 1, ves/no
» serial po "mm . ,
level of difficulty X serial pOSItion %M; 168 ?
MSe = 14,877.731, “m@i modality > yes/no % serial po-
sition [F(14,168) = 2.06, MS. = 13,637.37

The results of the reaction time analysis support the
preliminary conclusions drawn from the recall data.
Search time in the dual task remained relatively constant

across modalities and serial positions, suggesting that mo-
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Figure 4. Mean median reaction times and percent ervors (o ollapsing ncross positive and negative trials) as » function of modality of
presentation, serial position, and whether search performance reflects the single or dual task.

dality effects obtained under concurrent load were not due
to subje switching attention. In addition, performance
in both the search and recall tasks declined with concur-
rent load, indicating that performing these tasks simulta-
neously requires resources from the same source. In con-
trast, the magnitude of the modality effect was not
influenced by the demands of a conccurrent task, regard-
less of wh‘ ther subjects were vocalizing or mouthing
words. Taken together, these findings support the con-
tention of the PAS mmm that modality effects are as-
soctated with both gestural and auditory stimulation, and
are not m»:;w%m:ﬁé by an mmmim dmmﬂdiw mechanism.
However,  for
mﬂ; only in changes in reac

shiects com xmﬂ;
rEmain wimwﬁw wm% e, the ¢

to which attention is

allocated to a task can also be assessed by examining the
ACCUTACY wnth which subjects can perform.
Errors. The results of the error mmiww can
in the lower half of %«awm 4, Orvers ;
around 10%. Errors in the final “&mzmw m mmmim §“ s
remained relatively stable across ta 5
supporting the contention that the ‘mmmww & ’2’«:@% o
tained with the recall data are not a function of switches
i attention towards the m{j. of du 5,
altl imug,hﬁ%m was @ task X serial www&m fect [F(7
» post hoc hat mm
active mﬂm% W#W mlrmmd Hons, as was
; £ modality
81, M5, = 0.62)
vighene ﬂ“m the visual searc
demanding, since performanc




there was better W
task [F(1,24)

nificant m"{i@mw were mz&;@;m«;y iz“ﬂimww
effects can be used to explain the modality effe
E“ww dm not corres t‘mmi m dif f

s BANCE
"*X”f"‘m“ﬂ“‘é m FE ft‘”‘ﬁ“}ﬁ' ¥, Bor d{“ﬁ

Uil i‘}my ;li?; thmx on KMy 3
1.46], and significant
: modality » level of difficulty
Mb, = 246}, ves/no > level of
: no Wmi

) 547,
{mmum F(1,24) , ,
pmmmm (7, 168) = 13, ”M Mﬁf

« level of difficulty [F(1,24
y "fxa,/rw X level of difficulty ,‘»4, seri
16.75, M5, = 0.64)
statistically significant,

DISCUSSION

mapping visual search tasks are commonly used
sure aftention, since the speed and accuracy with
which wbjm 15 %mm?ﬁ M? z’mm xﬂ}ﬁ; car m refloct the

, Wit h m*“ﬁh{“? wmwmy
presumably do

'}

mhwmmmi dectine in g"aw ?wm
not rely on the same resour ¢
Schneider, 1986-1987). This pattern of f behavior would
be expected, for example, when one task simply does not
require attention. This is a fundlamental characteristic of
an automatic process, in that it is not i‘m‘mm by short-

ferm or working mz&mww ms; immaim éﬁr St ”i% «w‘m ]
Shiffrin & Schneider, cal dual-
procedure, performance on ﬁs.h{::f" ly activ

task is not reduced by ing nzg z%m difficulty of m@
attention-demanding concurrent task,
Before concluding that the modality effect reflects an
" ary to demonstrate that
1 task indeed dersanded re-
ects a limited-vapacity sys-
tem, then inc ng the requirements of the task should
result in greater attentional demands and performance
decrements. In both the reaction time and the error anal-
yses, performance declined when the subjects had to
search for three mﬂmwy -set items rather than one. These
results m&iwmg“ ﬁfmt the search task ‘was capac w
1§ 1 Aon time
in recall,
reh and recall tasks

sources. If performance re

and errors cor rmwmﬂm m overall decreases
suggesting that performance on the se:
relies on the same Hmited resource pool,

1t also is necessary to show that subjects did not switch
their attention during the dual task from searching for
digits to remembering words. I responses to the final
search frames of the dual task were longer or more error
prone than in the single visual search task, then any ef-

MODALITY EF

SCTS Tk

fects associated with recency could be attributed to an af-

ys ity effects as-
soctated with both wm&‘m;,%“xmg and vocalizing in the single
task, thereby replicating previous findings with mouthed
and vocalized stimuli (Greene & Crowder, 1984, Nairne
& Walters, 1983). More importantly, our study showed
that the magnitude of these modality ¢ § Was not re-
| emanding con-
he recall analysis on the final serial posi-
tion indicated that the relationship between vocalizing and
silent reading, mouthing and silent reading, and vocaliz-
ing and mouthing was not altered, regardless of whether
subjects were simply remembering words or were remem-
%mmg words while simultaneously searching for digits.
As is characteristic of an automatic process, the modal-
ity effects associated with both mouthing and audition do
not appear to be limited by working-memory capacity.
As predicted by the PAS model of echoic memory, these
effects appear to reflect a pmmmﬁ Ve mechanism.
One other interesting finding arose Mwm the recall me:
sure. With all modalities m ™ :
creased when task demand
decreased. Since the reaction tirme 'WM SITOL SRS
for the dual task did not show a p -recency tradeoft,
we suggest Mmt the changes in the serial position fune-
> :call reflect the sirategles that sub-
jects mwiweﬁ to mmwukw v words while *«umuhmmmm%y
atternpting to maintain a consistent level of search per-
Ewmma e. In a dual-task trial, it is critical that wh’ LS

search. ﬁt is wmzhﬁw %w wizse,ﬁ
e initially pmwmw ¢, the sub-
jm ; Hw&&ﬂ&mmumm to w ing to remensber them. This
would affect the encoding of words Kéms Were present
at the same time. Of course, these would be words pre-
sented at the beginning of a trial—that is, in primacy po-
sitions. As a result, prir decreased as concurrent load
increased. Why, then, de y improve? We pr t
two possible explanations: One reason may be that once
the search digits are memorized, subjects are able to al-
locate more resources to the words, Because there are
fewer of the primacy items that have been stored, recency
itenos have a greater probability of being remembered.
That is, the attentional resources that would otherwise
have been allocated to primacy fiems are now used 1o s
final list ftems. Apother reason may be that b
primacy items were not well encoded, they are no longer
a source of owtput interference. With this interference
reduced, recency items ave more likely to be
Our study was not designed to distinguish between these
possibilities. 1t is important to emphasize, however, that

although the serial position functions associated with recall

wgw 1 »;i zw

o
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eoncurrent task, 1t was shown that

“@Mim&mm nor an explanation based

; ,:m"; M“ Mmi to explain the stability of

ial position functions may
or, the modality effect

such limitations.

ed L*E”mﬁ our ﬂﬁdmgw wmmm an

ﬁ’m@% m‘;t k113“,»;3,4“” m Wm‘/
Although we have Mém

ax mmm mm mmww hsma.u.d on mmmm Impm
ing (Shand & Klima, 1981) or the sta g
state of the stimulus material
have not held up under empirica
1D, for a review), others are so recent 1 ,%mﬂt their worth
is not vet known., We present two such models, and ex-
amine the extent to which each can handle our data.
Perhaps est challenge to an echoic memory ex-
planation of e ffézms has been reported by Glen-
berg and his colleagues (Glenberg, 1984; Glenberg &

" N‘Lm'ﬁy see pv&ﬁé’%ﬁ“%f

]

nson, 1986), who m and fong-term modality effects,
even Mwm there wer val seconds of interitern audi-
tory and visual dmmuw ;smw:y and similar activity be-
tween the final stimulus items and recall. Any model that
attributes modality ¢ 210 a brief echo that is sensitive
to subsequent audi
these long-term As an alternative, Glenberg
nberg & Swanson, 1986) argued against sen-
3 ge theories, suggesting that recency and mo-
dality effects reflect a general retrieval process based on
mmp{“«m} C m‘imv During encoding, there is a defining of
iimaa» as ch sets that differ in the number of items
*;;‘mfsc:“d N‘m more items included in a single set, the
likely that any particular item of that set will be
ed. In general, recency results because the final item
g m& lists is included in mmiﬁ search set relative
to earlier list items. The difference between modalities
is pmxmi to reflect the structure of the cognitive system
such that auditory presentation leads to a more finely
grained encoding han does visual wmmmmm
Bupporting this vie nhwg and Swanson (1986)
m*‘w;»wm mm im; %:mrmem& initial and fi-
! . presumably because
@ iterns results in g more
; mlz wﬁ
But there are ﬁmdmw in our study that are not easily
explained by the temporal distinetiveness theory. During
the dual task, the visual digit search provided distractor
activity, and, although we increased overall working
memory load, interitem distractor time remained constant
across the levels of the dual task. Without manipulating
the temporal interval between list items, we obtained sub-

i nges in recency for all modali
otion wf rec m*m% €

4 2 - encoding,
could be mmﬂ o :M’n,{mm m our mwmi? improvements
i lear how the terporal distinctive-
S5E DIOC s would ef-
wim%%y W%M MM differently than mouthed or vocal-

=

ized lists. Glenberg and Swanson mwmi that spoken input
leads m a more Mmfsv grained encoding of time than does
iler seall is posited to reflect the same
-esses for all moda tittes, Therefore, if there
is a tradeoff between primacy and recenc ¥y, the same pat-
tmn whmn d M dwmmmmm ACTOSS mmii@%mm Mot only

imac but all sub-
4 ;] ”wz»w less re-

CEnCy. “W e ]%w %ﬁm, 18 Ew sul umm w %} hwh )m m‘mw we
reanalvred, mmy th i€ siler
smaller final i
was dn:&m nt

L

g

', ;g:wrmmw%f
g umﬁ mmak

is an mmﬂmwﬂm%!w ammmm angd wmmmww gjm 55,
There is, however, another mode! of W%Mm mmmm% in
which anditory ﬁmi visual processes g )
separate Wt;mm ' in ﬁw C

anm is sensitive to wbwm;m;m
i% immzm in duration and capacity (; mwh Mm mmmm ;
of these parameters are wwwwiw mwz T mmm iéw are for
PAS). As with PAS, it is i
that produces superior recency M wwhm ﬂ
logical code is also automatica
but unlike the echoic trace, this
to maintain.

%, x‘a@ jeiely
generated by audition,
code requires attention

Jne p ams model is the as-
sumption ﬁﬁm ts produced by silent mouthing do not
reflect the same processes as those found with f;‘gmmﬁhw
carlier, there are sma i

ith the separate-stre

=

soctated with mouthing, and
mmw influenced by pho wm%m iy, Permey (

ested that one puwhz ity is that mouthing may p
aﬁm a ;»mm rical code similar to maﬁmmn i:m not an

hmw& er, ﬁ'am{

. mat W‘ieﬁ,«ﬁ
dwmméw M a cong %,wmm LM,, 4 prop nm/ ;@zmm‘m hle o
Penney's A
Another difficulty with the se
that auditory and visual proces
are thought to be qua xmﬁ‘ﬁw}?y i
ent pools of resources. Again our fmm '»;gma
hy showing that performing a visual sez
f% to mmmmhﬂ o mm or vocalized
5. These results w,amwm ﬂw IO
mm timz ti(wm: 18 some competition for re S0 5 | e
modalities. While there may be qual

i

0 to be lmited by
wzzfaezm i;}zw. results ¢

wzm «)pm i,%? y wgmmm tl
model. In the mmgﬁmm m theory,
thoms :wmm recency a Fin explaining wh
dality of

t is confined to ta:%mmﬁ list fems. |




this model cannot account for our recency effects, they
are also msufficient o explain our modality effects, In
addition, although the separate-streams model does predict
that modality effects reflect preattentive processes, other
g‘wwiimiwx‘w such as separate pools of resources for audi-
tory and visual inform processing and separate codes
for mouthed versus vocalized input were not supported
by our data.
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