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categorical auditory store. This argument,
however, may be premature, An unusual
item within a list will be better recalled,
that 18, a von Restorff effect (How au%
1983y, regardless of where it occurred |

that ist, Thus, better recall of the letter
doesn’t mean that the suffix failed to mask
the echote trace of that item. The trace may
have been masked, but ;"@:;;&E! wus probably
b
¥

rased on a more permanent STM represen-
ation.

Another particidarly important criticism
of the PAS model comes from several
findings of suffix effects with lip-read or sj-
lently mout! MH”E'ME% {(Camp Mﬁ% & Dodd,
1980 Greene & Crowder, 1984: Nairne &
Crowder, 1982; Nairne & Walters, 1983;
Shand & Khima, 1981 Spoehr & Corin,
19781, This is inconsistent with the PAS ex-
planation of suffix effects because there is
no acoustic input involved in the stimidus
presentation. Thus, there can be no echoic
trace available 1o aid recall.

In one of several experiments exploring
how Hp-read speech is encoded, Campbell
and Dodd (1980 compared recall of graphic
and lip-read Hsts followed by either an au-
ditory suffix or no suffix. They hypothe-
sized that if the suffix effect were specific
to the auditory modahity there should be no
suffix effect for either the graphic or the
liperead lists. However, they found that the
suffix did reduce recency performance on
the fip-read lsts, Campbell and ;"m d ar-
gued that the PAS model was not sufficient
to account for recency and wfiif«; x?‘é"?}mm
and hypothesized that the changing state
guality of stimuli would better mpiam
these effects. They posited that lip-read
and auditory information is processed tem
porally and sequentially due to the con-
stantly changing state guality of the stim-
ulus presentation. Graphic printed lists, on
the other hand, were said to be processed
instantancously, because these lems re-
main static during presentation.

Shand and Klima (1981 tested Campbell
and Dodd’s (1980) changing-state/static-

state processing difference explanation of
suffix c:‘i‘i"m"w using congenitally deaf
igners of mnmsmﬁi sign language (ASL).
They presented dea s proficient in
ASL three tvpes of hists: (1) videotaped
ASL signs, (2) line drawings of ASL signs,
or {3) printed words. The 12-1tem lists were
followed by three suffix conditions: (1) a
videotaped ASL sign, (2) a line drawing of
an ASL %igm or {3y visual snow on the
screen. They found that both the static ling
drawing wf'ém and the changing-state vid-
cotaped sign suffix led to decreased recall
when they followed lists of both the traced
and videotaped signs. They argued these
findings could not be explained by the
changing state hypothesis because their
static line drawings produced suffix effects,
Shand and Klima (1981 concluded that
these effects resubted from factors asso-
ciated with the primary lnguistic input that
s conveved. Accordingly, deat subjects re-
ceived the majority of their information
from ASL signs. Therefore, reproductions
of these signs generated recency and suffix
effects. They argued that since the auditory
system provides the primary linguistic
input for hearing subjects, suffix effects
should be generated with auditori 3, pre

sented stimuli. Printed stimuli such as
words and letters are considered fgw be sec-
ondary representations, and they do not

mim e recency and suffix effects. Fur-
wer, Shand and Kl suggested

i
m {
th i (1981
7% P/‘W was not a sufficient explanation of
the suffix effect, since they found suffix
and recency effects with w«,maﬁ presenta-
tion and with deaf subjects, neither of
which could have been influenced by
echoic memory i .
Adthough the above criticisms of PAS are
important, the findings that are most incon-
ststent with the PAS model are clearly
those demonstrating thar auditory input is
nal necessary 1o produce recency and
suffix effecrs. Many studies have demon-
strated that stimult and/or suffixes that are
silently mouthed can produce recency and
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suffin effec
MNairne
Walters, 1

o Wairne &
mwahﬁ (1G82),
however, ated that the
mouthed suffix eff is much weaker than
this effect produced with an auditory
sulfix. They argued that the difference in
magnitude h«:‘zwwr& these effects could be
considered a wseful procedure for sepa-
rating interference due to purely acoustic
information from those effects due to any-
thing else. These findings upheld the PAS
model, However, Nairne and Walters
{198%) found recency effecty with mouthed
visually-presented stimuli that were analo-
gous to the recency effects found with audi-
torily presented lists. They found no differ-
ence between the suffix effect found with
an auditory suffix and that found with a
mouthed suffix. Thus, Nairne and Walters
3y found no evidence that the aloud
wi’h:m was any more ff"uwwa“"u% than the

,,,, diffi-
cudt mg hc 50 Mm}mw m ha: mwizzimd by
the PAS model.

In a replication of Nairne arwm Walters
{198y, Greene and Crowder {1984) also
found recency and suffix ﬂitmm in the re-
call of passively Hp-read stimuli in which an
experimenter silently articulated the ftems,
These authors concluded that recency and
suffis effects found with visual input were
not dependent on whether the stimult were
passively lip-read or actively mouthed, and
further that these effects were m.:mw as
large as the recency and suffix effec
found with recall of auditorily presented
stimull, Since these findings could not be
explained by assuming that the nature of
information held in an auditory sensory
Memory w i
gested considerin
memory as that s of {W(}Qm%
both acoustical and gestural mmz mmma
may be stored and that both can serve as an
aid in later recall. That is, gestural informa-
tion may help determine which auditory
features are retrieved or activated in the

jects.
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same way that auditory presentalion
would. Greene and Crowder (1984) con-
a;r%m;imi that the same mechanism may me-
diate any source of precategorical informa-
tion as tong as it pertains to the discrimina-
tion among audiory features present in the
euvironment,

As an alternative to the revised
Penney (1985) suggested that the recency
and suffix effects generated by auditory
and mouthed visual presentations are not
necessarily reflecting the same underlying
mechanism. Penney (1985) demonstrated
that the magnitude of the suffix effect on
preterminal list items was dependent upon
the predictability of the stimulus list length,
and on the rehearsal strategies of the sub-

These factors did not influence the
more structurally based suffix effect on ter-
minal list items. She argued that the mo-
dality and suffix effects reflect the mwm
tion of two subsystems in 8TM, one for
auditory and one for visual verbal in-
formation. For example, the terminal and
preterminal effects of the auditory suffix
are mediated by different proc 5 within
the auditory subsystem. The point is that
only processes within an auditory sub-
mem not a visual subsystem, can be re-
flected by the suffix effect fmmai with an
mx.h tory suffix. She suggested that suffix
effects found with “;mu‘i%"mi visual mforma-
tion (e.g.. Spoehr & Corin, 1978) are con-
sistent with her theory, or JR}’ theory of au-
ditory sensory memory, becausg these
theories only make predictions regarding
the auditory modality, Penney (1985)
pointed out that since the modality effect
reflects the operation of two di 1]
mechanisms there may be differences as
well as similarities between auditory and
mouthed suffix effects,

The case for different mechanisms me-
diating the recency and suffix effects found
with mouthed visually presented informa-
tion and with auditorily presented informa-
tion is viable but difficult to test. On the
other hand, if these umm arg mediated by

w
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the same mechanism, then they should be
al cd by the same variables, One vari-

able that has been shown 1o is“mi“" ol with
the effect of the auditory suffix is the pho-
nological nature of the list items.

Crowder (1971 found that both the mo-
dality and suffix effects were dependent on
the phonetic nature of the item being re-
membered, When synthesized consonant/
vowel (CV) syllables were used as list
items and the list 'w ms varied only in their
vowel content (as in gdp, gOr, gl or hEE,
HOO, iy, bo @mudmﬁs ty and suffix effects
were o hwmd\ However, when the synthe-
sized stop consonants varied only the con-
sonant content (as in ba, da, ga)
these effects was found, However, Cole
(1973) and Neely (1983) have also found
differential recall of consonant- and vowel-
varied real speech stimuli lending support

y the PAS theory of echoic memory for
vowels and not consonants,

Thus, the consenant-varied and vowel
varied differential processing effect ap-
pears 1o be characteristic of echoic mem-
ory. I, as Greene and Crowder (1984)
suggest, PAS 1s the mechanism under-
lying the similarity between auditory and
mouthed recency and suffix effects, then

terential processing effi

fects should also
be similar between auditory and mouthed
stimult,

The question that motivated the fol-
lowing series of experiments was whether a
suffix effect obtained with mouthed stimuli
is mediated by the same mechanism as the
suffix effect obtained with auditory input.
Greene and Crowder (1984) posited that the
same mechanism (PAS) may mediale any
source of precategorical auditory informa-
tion if it is activated by either acoustic or
gestural cues pertaining to the Uhmz rHbR-
ton among avditory features. We wished to
test the PAS model of echoic memory
which allows gestural cues 1o activate and
consequently affect any information stored
therein, Experiment 1 replicated the find-
ings (e.g., Greene & Crowder, 1984: Naime
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& Crowder,
suffix effe
mouthed vis

1982), of similar recency and
s with both read-aloud and
sually presented digits
periments 2 and 3 we used the consonant/
vowel difference as a tool to investigate
mouthed and auditory suffix effects. We
hypothesized that if PAS is responsible for
mouthed suffix effects, then we should find
that the nature of the stimulus items
{vowel-varied or consonant-varied) aff
the magnitude of the recency and suffix ef-
fects when visually presented stimuli are
mouthed. Typical recency and suffix ef-
fects, as well as differential processing ef-
fects, were found with auditorily presented
stimuli, However, only weak recency and
suffix effects were obtained for mouthed
visually presented st z}m li. More impor-
tantly, these weak suffix effects were not
dependent on whether the stimuli were
vowel varied or consonant varied. These
resulls are not consisient with the (fzwm
am! o mwdu interpretation of mouthed
suffix effects. Thus, Experiment 3 was de-
signed to w%m&tiw} v produce modality and
suffix effects with mouthed v%%mx%%w pros
sented stimuli like those used by Crowder
(1971). However, again we found that the
nature of the stimuli {vowel varied or con-
sonant varied) did not determine the mag-
mitude of recency and suffix effects in the
same way as with auditorily presented
stimuli. More importantly, we did not find
convincing recency or suffix effects with
the mouthed visually presented siimuli,
even though the same stimuli had led x_m
typical recency and suffix effects with an
auditory ;“ﬂ“we‘xmti(‘m {Crowder, 1971),
These findings do not support the Greene
and Crowder version of PAS because con-
vincing recency and suffix effects were not
found with mouthed visually presented
items. Therefore, we considered a compar-
ison of procedures we used and those used
by other researchers finding recency and
suffix effects with mouthed visually pre
sented stimuli. The major procedural dif-
ference that we considered worthy of fur-
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ther investigation was the type of stimuli,
Mouthed suffix effects have gencrally been
found when the items are digits.

In Experiments 4 and 5, we guestioned
whether recency and sutfix effe
rrouth isually presented stimuli co
only be wl,,‘z,mm o with digits, or, whether
some other factor which varied across
studies caused the conflictng findings. In
Faperiment 4 we again varied mouthing in-
structions, this time
the stimulus used in the task, either digits
or letters. Vocabulary size was also varied,
that is, whether the stimull were drawn
from a pool of size 3 or size 8. Results
showed that the important manipulation
was vocabulary size, not type of stimulus,
since recency and suffix effects were both
found with mouthed visually presented
digits or letters, but only when the Y Were
drawn from a vocabulary pool of size 8.
However, Conrad and Hull (1964) had
found im memory span dogs not depend
on vocabulary size when stimuli were pre-
sented auditorily. Thus, we questionad
whether the vocabulary i
the recency and suffix effects we found
with mouthed visually presented items in
Experiment 4 would also be found with au-
ditorily presented items. Experiment 5 was
es8en tmﬁi a replication of Experiment 4,
but with auditory presentation, Although
we found the typical recency and suffix ef-
fects usually found with auditorily pre-
sented digits and ﬂ«;’ﬁ *MWM were
independent of voca

EXPERIMENT |

Greene and Crowder (1984) used 2 re-
vised PAS model of wlmm memory in the
explanation of their finding that mouthed
visually presented and heard suditorily
o resented suffixes similarly interfered with
the enhanced recency recall of end-of-list
items, They posited new assumptions that
allowed speech gestures to be added to the
ascoustical information represented by the
precategorical store. Thus, the acous-

ts for

varying the nature of

size dependence of

tic features in PAS can be activated by
mouthed gestural information. This could
¢ '1’"3;{“‘3 the enhanced recall of items at the

end of the st over earlier positions for
mouthed visually presented as well as
heard auditorily presented stimmulus Hsts,
Experiment 1 s an altempl to replhcate
recency and suffix effects found with
mouthed ‘vimzxiiv presented stimuh (Greene
v Crowder, 1984; Nairne & Crowder, 1982
Nairng éw; Wmii‘cs‘m 1983y, Consequently,
the main variable was mouthing instroc-
tions, that s, whether subjects were re-
quired to read aloud, silently mouth, or
m;xd *«,H«.’;mi\' without mouthing 1git

-8 Inaddition, the digits were s¢
c.:mmm;mi or ﬂpmmé out on the screen.

Method
Subjects and Design

The subjects were 60 University of South
Carolina students who particpated 1o satl-
isfy a course e‘m;mwmmt‘ Six between-
subjects conditions crossed mouthing in-
structions with stimulus position. Su
were instructed to either res
loud, read and mouth the digits emitting no
sounds, or read passively the digits re-
fraining from any and all obvious articula-
tion. In addition, subjects saw the items
centered or spread out on the monitor, The
two within-subjects variables were (1)
whether the 9-ttem lists were followed by a
suffix or nonsuffix, and (2} the serial posi-
tion of the 9 items within each list,

Stimuli and Procedure

The stimuli consisted of the d
randomly chosen without replace mm and
presented one at a tme on the monitor of
an Apple microcomputer on each trial,
Fach digit was presented either (1) cen-
tered in exactly the same position, or (2}
centered vertically but spread out horizon-
tafly on the monitor. In both conditions the
stimulus digit was erased after a 300-ms du-
ration, so that the subject saw only one
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digit at any one time. In the suffix condi-
tion the mmad oo’ randomly followed half
of the trials as the subjects’ cue to begin
recall, and a pair of asterisk: )} or tone
served in the nonsuffix condition as the cue
1o begin recall,

In the read-aloud condition, subjects
were instructed to repeat the digits so that
the experimenter could hear them, Sub-
Jects in the mouthing condition were told to
ntly mouth the stimulus items, that is,
to move their lips in a somewhat exagger-
ated manner so H’w the expertmenter could
understand each item from watching their
lips. However, mm, were cautioned not (o
whisper or make any sound while mouthing
the ttems. Subjects in the nonmouthing
group were mstructed to Hsten silently or
to view without moving their lips., An ex-
perimenter remained with each subject
throughout the entire experiment checking
and reminding him/her to follow the spe-
cific read-sloud/mouthing/nonmouthing in
structions., Next, all subjects were gi
three practice trials in their particular con-
dition, immediately followed by the 40 ex-
perimental trials. On each trial the subject
either heard or saw the /ready/ signal, and
after 1000 ms, sequentially heard or saw
the nine digits followed by w;tnth::“’ H“a: suffix
theard or seen /go/) or the non-suffi tong
RN Al items were presented iﬁék’i&lﬁlt??ﬂﬂi“fw’
including the suffix (nonsuffix) at a rate of
two per second with an item duration of
300 ms followed by a 200-ms interitem si-
fence. A minimum of 20 s separated the
onset of the last tem (suffix or tone) from
the /ready/ signal that began the nexd trial,
During this period the subject typed the re-
called digits on specially marked keys on
the computer. All subjects were individu-
ally instructed to type the items in the same
serial order as seen or heard. after which
they were given an opportunity (o correct
their response. After recall, immediate
feedback was given about the number cor-
rectly Mm?i ? and the subject was encour-
aged to keep trving.

AMND SUFFIX EX
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Since there were two experimenters in
this study, each experimenter ran fw«: m
counterbalancing

any experimenter bias.

Results and Discussion

The major goal o
hmizmz {& ﬁ

f Experiment 1 was rep-
um'zw of current research
1984:; MNaime &
W\&?‘HM W@w}
a‘:h the *»umui; were e

The manner in whi
tioned on the screen had no effect whatso-

ever on subjects” recall, Therefore, all of the
results are reported from the analysis col-
lapsing over this variable,

The responses were recorded as the sub-
typed them on the computer, Only cor-
rect responses in the correct serial position
were counted. Planned comparisons were
computed using an & ratio (Haves, 1981
for the specific hypotheses regarding re-
cency and suffix effects, All tests for re-
cency were based on the difference in re-
call between items in the preterminal
(eighthy and terminal (ninth) serial position,
Also, all tests for sulfix effects were based
on the differential recall of tems in the
suffin versus nonsuffix conditions for the
terminal serial position

Again, the major guestion prompling all
the experiments in this paper was whether
recency and suffix effects found with
mouthed visually presented stimuli are af-
fected in the same way as recency and
suffix mﬁ‘* oty 'fm!m in ;zmmma ly presented
stimuli. F the overall three-
way interac me m{ﬁ”“t “vai m this question, the
Mouthing condition {(whether items were
mouthed or nonmouthed) by Suffix condi-
tion (whether Hsts were followed by a
suffix. or nonsuffix) by Serial Position

(19}, This interaction was significant,
FUI6,4320) = 4.04, p <0 0001, MS, = 51.23,

Thus, the recall of visually presented
stimuus dtems i Experiment 1 revealed
strong recency and suffix effects with
mouthed visually presented digits which
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2‘, seriment 2‘
were no different from the recency and
suffin effects for digits said aloud. How-

ever, these convincing recency and suffix
effects generated with mouthed visually
presented digits were found with both cen-
tered and spread digits, These findings
clearly support the revised PAS model, as
described in Ureene and Crowder (1984),
This model allows both auditory and g
tural cues to affect the acoustic information
held in a precategorical condition, How-
ever, if both auditory and gestural input
similarly contribute to the analysis of audi-
tory features present in the environment as
posited by the PAS model, then variables
affecting auditory information should simi-
tarly atfect gestural information. Thus, the
question motivatin
experiments was whether recency and
suffix effects obtained with mouthed visual
input are affected by the same variables as

-]

yrrect as a function of Mou
15} by Serial Position {1-9

g the following series of

thing Condition (mouthed/nonmouthed/aloud)
91 with visual preseatation of digits in

the effects found with avditory presenta-
tion. If the revised PAS model of echoic
memory can explain both sets of effects,
then mouthed visually presented stimuli
should also show a consonant/vowe! effect.
That is, we should find that the nature of
the stimulus items, that is, v‘/hﬂhw vowels
or consonants are varied, affects the mag-
nitude of both sets of recency and suffix ef-
fects, Recency and suffix effects should be
tound when the stimulus items are vowel
', and NOT when they are consonant
varied, and this finding should oceur for
mouthed visually presented and heard an-
ditorily presented items.

ExprrIMENT 2
Method
Nubjects
Students from the subject pool of the
University of South Carolina participated



BELCE!

i this study. One fourth of the 96 students
were randomly assigned to each of four be-
tween-subjects conditions: (1) auditorily
g*sa’“a‘*wmm items with mouthing instruc-
tons, (23 auditorily presented items with
nonmouthing instructions, (3) visually pre-
sented ftems with mouthing instructions,
and (4) vispally presented items with non-
mouthing instructions. Each subject was
h;whw! individually and participated in the
experiment in order to fulfill a class re-
quirement,

Dresion

Crroups of 12 subjects resulted from two
factorially crossed between-subjects vari-
ables: (1) whether the stimulus items were
presente f wditority or visually, and (2)
whether the subjects mouthed the items.
There were five within-subie jec cts vartables:
(1) phoneme condition, that is, whether the
items were consonant varied or vowel
varied, {2) initial stop consonant condition,
that is, whether Hw i?(‘m”m hegan with a
votced (e.g.. b/dig) or an ummwi {e.g.,
plricy inttial stop consonant, {3) whether the
ttems were from stimulus wi § or set 2, (4)
whether the seven-item lists were followed
by a suffix or nonsuffix, zmd {51 the serial
position of the seven items within each Hst,
Further, the order of stimulus presentation
was counterbalanced so that half of the
subjects saw or heard consonant-varied
items followed by vowel-varied items while

G

the remaining hall saw or heard the sets of

itermns in the reverse order, Also, half of the
subjects saw or heard items beginning with
voiced initial stop mmwmmm {e.g., bldlg)
followed by items beginning with unvoiced
initial stop m&mwmum {c.g., p/t/cy while
the remaining half saw or heard a reverse
order of initial stop consonant condition.
The two stimulus sets were presented in
random order, as well as whether a list was
followed by a suffix or nonsuffiz, with the
constraint that the two levels of ¢
these two variables mw%'i be
vided among all 16 withi

enly di-
-subjects condi-
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tions, Thus, in half (8) of the within-sub-

jects conditions the lists were followed by

the suffix, with four lists generated from set
I vocabulary and four lists from set 2 vo-
e The remaining 8 of the within
subjects conditions consisted of lists that
were followed by no suffix, again with four
lists generated from set 1 vocabulary and
the tast four Hsts from set 2 vocabulary.
Within each set of four lists the stimuli
were (1) consonant varted, using voiced ini-
tial stop consonants /d. b, g/ holding the
vowel and final copsonant cluster constant,
that 1s, /dark, bark, gorkl. (2) consonant
varied, using unvoiced initial stop conso-
nants /p,¢,¢ holding the vowel and final
consonant cluster constant, that is, /park,
tark, cark/, (3) vowel varied /e a0/, using
voiced initial stop consonants /b,d/ holding
the initial stop and final consonant cluster
constant within set, that is, /beme, bame,
bomel, (43 vowel-varied Je,q,0/, using un-
voiced initial stop consonants /p,¢f holding
the initial stop and final consonant cluster

ing

constant within set, that is, fpeme, pame,
pomel.
Stimuli

Seven stimulus items were randomly se-

lected from one of eight different three-
item vocabularies (see Table 1). This gener-
ated ¢

ight lists from each of the within-sub-

Ject conditions so that each subject saw or

heard 128 lists. Table 1 shows the two sets
of stimulus iémw Within each set the stim-
ulus items were consonant varied (e.g.,

darkigarkibarky or vowel varied (e.g.,
heemibamelbomey, and all stimulus items
Cdibiey or unvoiced

began with voiced (e.g.
le.g.. p/t/c) initial stop consonants. Stim-
ulus ttemns for the audio presentation were
generated with a2 Mountain Hardware Su-
pertatker on an Apple 11 Plus micre T
puter. The stimulus ttems were spoken by a
male and digitized for storage on disk so
the ttems could be individually plaved back
through a Marantz loud ﬂ»pw%wz under com-
puter control. For the visual presentation
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TABLE 1
STIMULUS ITEMS

Phoneme condition

Initial stop Yowel-varted Consonant-varied

consonant condition items items
Set U Voiced bieem dark
bame gark

home bark

Unvoiced pe park

pame tark

pOMme ark

Bet 2 Voiced deek dape
dake gape

doke hape

Unvoiced teek pape

take tape

toke cape

the same stimulus items were shown s¢
ally on the monitor of the computer. The
items were shown one al a time, centered
along the horizontal axis and listed top to
bottom on the screen. Thus, although sub-
Jjects viewed stimulus items in a sequential
order, the currently viewed item did not
mask the preceding item,

The auditorily presented lists were fol-
lowed by the word “recall” in the suffix
condition and with a “tone’”” in the non-
suffix condition. The visually presented
hsts were also followed by the word “'re
mﬂ “an the suffix condition while (¥

followed Hsts in the nonsuffix condition. In
the visual condition both the suffix *re-
call” and the non-suffix (* ) were pre-
sented at ikw bottom of the list of items on
the screen. The duration of all stimulus
items was 300 ms each, with the exception
of a “ready” signal which lasted 1000 ms
and preceded each trial,

Procedure

The mouthing and nonmouthing instruc-
tions given to subjects in Experiment |
were replicated in this study., An experi-
menter remained with each subject
throughout the entire experiment checking
andd reminding him/her to follow the spe-

ithing instructions.
their recall on specially
keys on the computer, and as in the
experiment were instructed to recall
as seen or

mout hHHM,/ oMo

cific
Subjects typed
marked
first
items in the same sevial order
heard, after which they were given an op-

portunity to correct any response. hmme-
diate feedback also followed each trial
which encouraged the subject to keep
trying.

Since there were three experimenters in
this study, each experimenter van two sub-
jects in each condition, counterbalancing
any experimenter bias,

Results
Methods of Analyvses

Results from the avditory condition and
the visual condition were analvzed sepa-
rately, In both analvses of variance the
only between-subject variable was whether
the subjects mouthed the items, while the
five within-subject variables were (1)
whether the items varied consonants or
vowelds, (1) whether the items began with
volced or unvoiced stop consonants, (3)

wh Hhm the ttems were from stimudus set |
or 2, (4) whether the seven-item Hsts were
followed by a suffix or nonsuffix, and (%)
the serial position of the items within cach
Hst (see Table D). The findings were g‘m“w
sented and discussed based on F oratios
compuied from the analyses of variance
treating the language stimuli as a fixed ef-
fect (F). However, the quasi-F am"«;w ()
Were aaim reported for those wishing to
make inferences from these ﬁ:rmm to other
language matertals as well as to other sub-

iject populations (Clark, 1973, Clark,
ohen, Smith, & Keppel, 1976, E’*’m .

Dickinson, 1976 Wike & Church,

Auditory Presentation

suffixv, and phenome effects.
a!mw&a the three-way interaction
iﬁm:‘iwwn Phoneme condition {(whether the

fx{‘f‘t ney,

gure 2
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P, 2.
varied) by

Muan percentage corre
Serial Position (1~

stimuli were consonant varied or vowel
varied) by Suffix condition (whether the
lists were followed by a suffix or nonsuffix)
y Serial Position (1-7). The recency and
suffix effects usually m;md with auditory
presentation can be seen in Figure 2. The
recency effect s reflected in the better re-
call of items in the seventh serial position
of the MNonsuffix condition, especially
when the items were vowel varied, Clearly
there were little or no recency or suffix ef-
fects when the stimuli were consonant
varied but just as clearly there were sizable

recency and suffix effects when the stimuli
were vowel varted., These conclusions

were supported by (1) the main effec
Y258, p <

Serial Position, F(¢ ‘SW\
001, MY, = ”W AR FR,219) = 44,12

U1, and (2) the 1%%('@% Voin stion be-
tween Serial Position and Suffix condition,
F6,132) = 6,01, p <0 001, M5, 160.75;
FIU61T79) = 1,92, p <2 1),

More tmportantly, in reference to the
questions posed by this study, Figure 2
shows that the verbal suffix only caused a
significant decrement at the terminal posi-
tion when the Hst was composed of vowel-
varied items. The suffix had no effect at the

Hix

SERIAL POSITION
¢t as a function of Phoneme Condition {consonant-v
Ty with auditory presentation in Experiment 2.

aried/vowel-

fust serial mmiufz E”mr the recall of conso-
nant-varied lists. This finding was sup-
ported by the three-way interaction be-

Mc,,e Phoneme condition, Suffix condi-
ii«:m and Serial Position, F(6,132 289,
po 01, MS, = 204,32 FI6IRT) .94, p
=08,

These findings are in line with Crowder’s
(1971) and Cole’s (1973 results which also
demonstrated differential processing of
vowel-varied and consonant-varied stim-
uﬁm items with auditordy presented mate-

ial, Figure 2 also shows that vowel-varied
si,«wam were better recalled than consonant-
varied items over all serial positions, with
the differe between ‘w’(‘?‘vw;*gwW‘HF@M% and
consonant-varied stimull greatest af the last

serial position, reflecting recency with the
varied but not the consonant-varied
rmed

vowel-
stimull. These conclusions we
by the two-way interaction

e confir
between §

Position and Phoneme., F{6,132)
<01, MS, = 24550 FU6,194) =
=08,

Initial stop consonant effects. Several in-
teresting interactions resubted from vary-
ing whether the items began with a voiced
{bidigy or unvoiced (p/tie) stop consonant.
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For example, the interaction among
Phonere condition, Voicing condition, and
Serial Position showed Voicing had no ef-
fect when the stimuli were vowel varied.
However, when stimuli were consonant
varied Voicing did not have an effect, but
only over the first five positions. Here
stimull. beginning with voiced stop conso-
nants (barkldark/gark!y were recalled
better than stimull beginning with 1 “swﬁm d
stop consonanis { ;m;iwmiwmué, This
was confirmed by the significant two-way
interaction of Voicing | al Position,
F(6,132) 2.76, p =
FUO50) = 061, p and the three-
way interaction of Phoneme condition by

\/musm condition by Serial Position,
6,132) = 299, p « W M, = 213,70,
FRO90) = 107, p >

in summary, mmif was dependent on

whether items began with voiced (e.g..
Bldig) or unvoicec 2., pltfe) indtial stops.
This was true, ho v, only in the first
five serial positions of the consonant-
varied stimulus items, wherin items begin
ning with voiced initial stop consonants
were better recalled. However, this effec
is of marginal importance since the focus of
the mn«.iy was on the terminal serial posi-
tions.

Owverall, the findings from the auditory
conditions of this experiment generally
agreed with studies finding an interaction
l‘mi,\-‘vm‘;rz} the suffix condition and the pho-

wlogical nature of the list item (Cole. 1973;
(mmiw 1971 Pisoni, 1973y, That is, when
the items were presented auditorily, vowel-
varied items gave rise (0 a recr etfect
that was removed by a verbal suffix while
both effects were absent with consonant-
varied stimuli.

Visual Presentation

Mouthing effecrs. The major qu "‘“«ezmn
prompting this study was whether varyin
the nature of the stimuli (vowel varied or
consonant varied) affected the magnitude
of recency and suffix effects in the same

ROET

Al

way for both mouthed and heard items.

Figure 3 shows the four-way interaction
wral to this w,mm«‘ the Phoneme condi-

items were vowel varied or
by Mouthing condition
items were mouth OFr o

{whether

fion
consonant varied)
{(whether
mouthed) by Suffix condition (whether lists

were folowed by a suffix or nonsuffix) by
Serial Position (1-7). This interaction was
not significant, F(6,132) = 141, p 21
M5, = 160.45. However, both panels of
Figure 3 do show a pattern of better recall

for vowel-varied than for &‘(W?‘%ﬂnﬁm5,"‘1’»":“%{&!3@
items (vowel varied, ¥
varied, x
of

44444 77%; consonant
71%). Thus, the m;nizz‘z effect
Phoneme condition was significant,
3p 0001, A \‘1»1 14

13.88, p 0D Moreover,
comparing both panels of Figure 3 suggests
a greater difference in recall between
vowel-varied and consonant-varied items
al the seventh serial position for the
mouthed than the nonmouthed items, One
purpose of this study was finding M“mﬁ"m a
recency effect occurred with mouthed
stimuli, and if the presence of this effect in-
teracted with whether stimuli are conso-
nant varied or vowel varied, Therefore, in
the Nonsuffix condition, the ditfference in
mouthed recall at the sixth and seventh se-
rial positions was compared using planned
comparisons. The Mouthed Vowel-Varied
condition showed a small increase in recall
at the seventh position over recall at the
sixth position, F(l.46) 374, p o= 06,
MS, = 160.45, while the Mouthed, Conso-
nant-Varied items <»‘;i‘m%>vm‘ Va decrease in re-

call %mﬂ pm;mm 6io7, F(146) = (.22, p
““““ ) = 160,45, Thus, a small re-
cency effect was found when items were

mouthed, but, specifically,
Hems were vowel varied.
In the Nonmouthed condition there was
no significant change in recall from the
sixth to the seventh p(‘mi%’ﬁwh nei-
ther vowel-varied nor consonant-varied
stimudi showed a significant recency effect
if they were read silently and not mouthed.

only when the

4
That is,
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Another finding central to th
this study
suffiz o

be see

2¢ts for the fast position. This can
n by comparing the effect of the
suff oth panels of F . > right
panel of Figure 3 shows small suffix offects
for both consonant-varied and vowel-

varied 'i‘ii"‘maé‘ when the tems were
mouthed, That s, there was a sigmficant
difference between Suffix and Nonsuffix

conditions at the seventh senal position for
1)y the Mouthed Consonant-Varied stimuli,
F(LAG) = 539, p < (25, MS§, 160,45,
and {23 the Mouthe s? \«t)\”vmﬂ/‘ﬂ/m!h;wd stimuli,
FULA6) = 539, p <« EMEL = 16045
Although the e‘s«'M{l!(m of a verbal suffix

the end of the lists did veduce recall of

mowuthed stimuli, the suffiv did not reduce
recall any more for vowel-varied items than
for consonant-varied ifems. In fact, the
suffix effect {ie., the mean of the Non-
suffix condition minus the mean of the
Suftix condition) at the seventh position
was equal (692) for mouthed consonant-
varied and mouthed vowel-varied items.
Although the suffix effects for vowel-vared
items that were nonmouthed (492 and con-
sonant-varied items that were nonmouthed
(8% were not much different in magnitude
from the mouthed suffix effects (le., 6%2),
these nonmouthed suffix effects only ap-
proached significance. That s, differences
between Suffix and Nonsuffix conditions
were not significant for (1) 1 hé.“ Wﬁ

mouthed Consonant-Varied stimuli, #F01.,46)
= 374, p =< 10, MS 166,43, and iﬁ) the
Nonmouthed Vowel-Varied stimuli, F(1.46)

= 239, p = 25, MS, = 160,48),

In summary, the recall of visually pre-
sented stumulus ttems revealed (1) that the
nature of the stimuli (vowel varied or con-
sonant varied) did not affect the magnitude
of recency and suffix effects in the same
way as auditorily presented stimul, al-
though (2) there was a rather weak recency
effect Tor mouthed, vowel-varied items,
and not for mouthed, consonant-varied
items, and (3) that there were weak suffix
effects for the mouthed but not the non-

¢ purpose of
concerned the occurrence of

mouthed items, however, (4) the s
fects at the terminal posttion were not de-
pendent on w%m;:ﬂm the items were vowel
varied or consonant varied,

Discussion
The results of Experiment 2 indicate that
recency and suffix effects found with
mouthed stimuli are not necessarily simifar
to recency and suffix effects found with au-
ditory stimuli. Typical recency and suffix
effects were found with auditorily pre-
sented stimuli, and further, these effects
were both found to be dependent on the
phonemic nature of the stimuli as had been

expected. Recency and suft

i effects were
both present with vowel-varied but not
with consonant-varied auditory stimuli, In
contrast, when the stumull were presented
visually and mouthed, only weak recency
effects were found to be dependent on

whether the stimull were vowel Mi%“ﬁ ed or

consonant varied, and, although suffix ef-
fects were found with mouthed stimuli,

they were not differentially dependent on
the phonermic characteristics of the stimuli
al the terminal positon. In fact, with the
mouthed visually presented stimuli, differ-

1
ences in recall at the terminal position for
1

lists i Mowed by a suffix compared with
lists followed by a nonsuffix were exactly
the same size (6% for both vowel and
consonant-varied stimult, The point is that
weak recency and suffix effects were found
with mouthed stimuh, but that these effects
were not convingcingly affected by the con-
sonant/vowel variable, which, on the other
hand, did influence the recency and suffix
effects found with auditorily presented
stimuli,

Theoretical Considerations

Are the same mechanisms responsible
for recency and suffix effects found with
auditorily presented stimuli, and, for the
recency and suffix effects found with
mouthed visually presented stimult? It ap-
pears that the answer to this question is not
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simple. The basic tenant of both Crowder
and Morton's (19693 initial and revised PAS
(Greene & Crowder, 1984) «
recency and suffix effects found with audi-
torily presented stimuli posited that
acoustic information about the last few
items was represented in PAS for o few
seconds. PAS, therefore, served as an addi-
tional source of coded information thal
could be accessed for later use. The coded
information in PAS was considered pre-
categorical since the recency and suffix
effects found with auditorily presented
stimull were dwwm@mﬂ on physical proper-
ties of that stimuli, The PAS theory was
strongly supported by Crowder’s (1971}
studies which found both recency and
suffix effects with vowel-varied but not
consonant-varied auditorily presented
stimuli.

Results from the au
i-*”m‘i'”ia‘n'v.eslﬂ 2 clearly agree with the
findings of Crowder's (1971} study. Both
recency and suffix effects were found for
vowel-varied but not for consonant-varied
auditorily presented iM items. However,
the results of the mouthed visual condition
of Experiment 2 clearly did not support the

The revised PAS theory would pre-

theory.
dict that the recency and suffix effects re-
sulting from mouthed gestural information
should be obtained using vowel-varied but
not »m'nww‘mn‘i«wxm,d stimuli, Therefore,
Experiment 3 was designed to replicate the
visual condition of Experiment 2 using
mouthed and nonmouthed visually-pre-
sented stimull, but mimicking the stimul
and procedure used by one of Crowder’s
(1971) i;"M"‘M”‘%”ﬁi‘TW!’?E*% {i.e., his visual condi-
tion). Specifically we asked whether
Crowder’s vowel-varied stimult would fead
to recency and suffix effects, and also
whether these effects would disappear
when using Crowder’s consonani-varied
stimuli in our visual condition,

EXPERIMENT 3
"t

Experiment 3, therefore, addressed the
same guestion prompting Experiment 2,

F AN SU

xplanations of

jects were instructed to eithe
ditory condition of

EFFECTS 151

FEEX

that is. whether recency and suffix effects
obtained with mouthed input are mediated
by the same mechanism as the recency and
suffix effect ith auditory input.
Again, nature of the
stimulus it
varied) as a mm m investigate mouthing ef-
feets. However, in this experiment we used
Crowder’s iW;?, stirnuli which had sel
fively generated rece

5 obtained wi

We hypothesized that w
stimuli were mouthed the 1
recency anc d suffix effects \MJHM 5 % ‘,H‘kf’ﬁfij@*
be affected by the vowel-varted stimul and
not by the consonant-varied stimuli. The
procedures v the visual condition of
Crowder’s (1971 experiment were fol-
towed as closely as possible, except sub-
muu‘ih or not
mouth the stimuli, Also, we were inter-
ested in a direct comparison mi‘" the differ-
ences between the written and typed re-
sponse modes,

Method

Subjects

The subjects were 80 students with nor-
mal vision (ncluding corrective lenses)
from the subject pool of the University of
South Carolina who participated to satisfy
a course requirement,

Design

Twenty of the cighty students were
domly assigned to e
subiects conditions, jects were in-
structed to (1) mouth the stimuli and type
their recall, (2) mouth the stimuli and write
their recall, (3) read silently the stimuli and
type their recall, or (4) read silently the
stimuli and write their recall, Half M the
subjects saw vowel-varied items first and
the other half consonant-varied. The three
within-subjects variables were (1) g"}%‘wﬂwmm
conditon, that is, whether the items were

ran-
ach of four between-
The subj
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consonant varied or vowel varied, (2
whether the seven-item Hsts were ’t’”m!h‘w e
by a suffix or ponsuffix, and (31

position of the seven ems w\,/%,lmzz ean
Counterb :’i%mw&‘m* of stimulus items and
randomization of suffix condition were
completed as described in Experiment 2,
ch subject was tested individually with
the experimenter present in the laboratory.

Stimuli

Seven stmulus llems were randomly se-
lected with replacement from one of the
rwo three-item vocabularies used by
Crowder (1971): (1) boolbihlbee, and (23
bahidahigah. With the vowel-varied Hems
(i.e.. boo/bihibee) the stop consonant was
held constant, while with the consonant-
varied items {i.e.. bahldah/gah) the vowel
was held constant. The visually presented
items were followed by the word “stop’in
the Suffix condition while { followed
lists in the Nonsuffix condition.

FProcedure
The mouthing and nonmouthing nstruc-
tions given to subjects in Experiment 1

were replicated in this st tudy. On each of

the !

i

60 trials subjects saw the signal
v«;&m%y” at the top left of the monitor. The
seven items were shown in stairstep
fashion from the upper left to the lower
right corner in the screen wi ith the suffix or
nonsuffix the lowest stairst m in the stim-
ulus array, Bach item in the array appeare d

on the screen at a rate of one every 750 ms
and remained for the duration of the trial.
Fach trial presentation, beginning with the
first syllable and ending with the sull
nonsuffix, lasted for a total of 6 5. The ex-
perimenter was situated approximately 3 {1
away from the subject ina gwwéiima which
allowed observation of both the subiect and
the monitor. Thus, it was possible for the
experimenter 10 SnSUe that the subjects
complied with the mouthing/nonmouthing
instructions of both the items and the suffix
when it appeared.

et

et
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ght practice trials altowed cach subject
1o hecome comfortable with the mout hing
or nonmouthing instructions, as well as
with the details of typing or writing his/her
serial recall. Those subpecls instructed 1o
write their recall were given answer sheots
with seven space {mww«;iéé* gach trial
aumber. The experimenter Lype d them on
the kevboard as soon as ‘(h subject indi-
cated he or she was finished res sonding.
Those subjects instructed to type were
shown the specially marked keys on which
they were to lype their re . As in the first
and second experiments, all subjects were
instructed to recall items in the same serial
order as seen, after which they were given
an opport ity Lo correct any rosponsc.
Immediate feedback also followes 1 each
trial which encouraged the subject to keop
trying.

Results and Discussion
Again the major question prompting this
Lxperiment was whether varying the nature
of the stimuli (vowel varied or ponsonant
varied) affected the magnitude of rec
and suffiy effect for both
mouthed and heard items, Figure 4 show!
the four-way interaction ce yral to this
study, the Phoneme condition (whether
items were vowel varied or consonant
varied) by Mouthing condition (whether
tems were mouthed or nonmouthed) by
Suffix condition (whether lists fol-
lowed by suffix or nonsulfix) by Serial Po-
sition (1-7). This interaction was not g
nificant, F(6.,456) = 0.79, p > .57, ME

However, both panels of Figure

=

1352, 1o
show a pattern of better recall for vowel-
varigd than for anant-varied ems
(vowel varied, X = 70%, consonant varied,
T o= 65%). Thus, the main effect of
i*%wwwzw mm:m,m was significant, F(1.76)
More-
re 4
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mouthed than for the nonmouthed ems.
One purpose of this study was finding
whether a recency effect occurs with
mouthed stimuli, and if the presence of this
effect interacts with whether stimuli are
consonant varied or vowel varied. There-
fore. in the Nonsuffix condition, the differ-
ence in mouthed recall at the sixth and the
seventh serial positions was compared
using planned COMpPAarsons. The Mouthed
Vowel-Varied condition showed a small in-
crease in recall at the seventh position over
recall at the sixth position, F(1,38) = 8 5,
p < 05, MS, = 105, 17, while the ’\/mmm d.,
umwmm varied items did not show a sig-
nificant increase in recall from position 6 to
7 F(1.38) = 0.19.p > 05, M5, = 10817
Thus, a mm“ recency effect was found
when items were mouthed, but, specifi-
cally, only when the items were vowel
varied.

. 4 function of Mouthing Condition (mouthed) nonmouthed) by
divowel-varied) by
tion of syllables in B

Suffix Condition
xperiment 3,

(suffix/mnonsuffix) by Serial

In the Monmouthed condition there was
no significant change in recall from the
sixth to the seventh position. That is, nei-
ther vowel-varied nor consonant-varied
stimuli showed a significant recency effe
if they were read silently and not mouthed.

Another finding central to the purpose of
this study concerned the occurrence of
suffix effects for the

ast wms'am "‘%”ﬁ"xiw; can
be seen by comparing the effects ol { the
suffix in both panels of %‘zmuw 4. The right
panel of Figure 4 shows nall suflix ¢l

for both consonant-varied Mﬂd veowel-
varied stimuli when the items were
mouthed. That is. there was a significar
difference between Suffix and M onsuffix
t:a;‘am;i«{a‘am at the seventh serial position for
(1) Hrw W suthed Vowel-Varied stimuli
(10%), FL1,2 %) 19, p
10517, zmz} he Mou
o stimuli éfmﬁ Tey, FU

5, M5,
thed Consonant-
138y = 620, p <




A : 17 Although the addition
of a verbal suffix to the end of the lists did
reduce recall of mouthed stimuli, the suffi

did not reduce recall significantly more for
varied items than for consonant-
items. "R’”Rw suffix effects for vowel-

varied ttems that were nonmouthed (4.¢
FOL3E) = 4.0, p < 05, M5, = 105.17) and
for consonant-varied items that were non-

motthed (7.49%, Fi 01

M S A7y

(1.38) 10,4, p <
also significant,

» better than typed re-
call, F(1.7 083, ME, =
1929, However, there were no significant
interactions belween type of response, that
is, whether subjects wrote or typed their
responses, and any other variable.

In surmmary, the mouthed visually pre
sented recall from Experiment 3 ﬁ,ﬁgziwi
with recall from Experiment 2, revealing
(1) the nature of the stimuli (vowel varied
- consonant varied) did not significantly
t the magnitude of rece

ncy and suffix
5 in the same way as when the same
stimuli were auditor

iy presented

(Crowder, 19713, wi though (2) there was a
rather weak recency effect for mouthed,
vowel-varied tems, and not for mouthed,
consonant-varied items, but more impor-
tantly, (3) there were weak suffix effects for
both mouthed and nonmouthed items, and
(4) the suffix effects at the terminal position
were not dependent on v./w%‘amk”mr the items
were vowel varied or consonant varied, It
should be noted that the suffix decreased
recall at the terminal position for both
mouthed and mwwwmizm’ i!wm when pre-
sented visuadly in both Experiments 2 and
3.0 the same mechanisms underlying the
auditory wﬁ”iw effect are to explain the
‘‘‘‘‘ v effect, then a suffix effect

weld ;‘&m %‘vx‘: i;‘fﬁ;ﬁ‘?ﬁ&f‘ ted when items are non-
mouthed. A suffix effect would only occur
when tems are heard or mouthed. This
prediction made by the revised PAS model
held when the suffix decreased recall of
onlv the auditorily presented items at the
terminal position in our Experiment 2, Fur-

Written
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ther, the auditory suffix effects at the ter-
minal position occurred when the list items
were vowel varied, and not when they
were consonant var m% while mouthed and
nonmouthed visual suffix effects were not
dependent on the Phoneme condition,

These results suggest Mi mouthed suffix
effects are not caused by the same mechs-

nisms underlyving z,‘s;u,imwy suffix effects,
and are in conflict with the revised PAS
model.

Any discussion of underlving
patterns in the data of the H

causes for
WO ex-

periments when compared with the data of
other rescarch using a similar technigue

must, by negessi

rest on the assumplion
that methodolog differences are irrele-
vant. However, a comparison of proce-
dures used here and by other researchers
finding recency and suffix effects with
mouthed visually presented stimuli re-
vealed one major procedural difference that
should be considered (see Table 2). The
type of stimuli used in both Experi
and 3 were syllables which did not result in
nouthing effects. }-*}wwm'\;csn Experiment |
and studies of other Y!’\;"M‘f;:ii“ig'%"%urw that did re.
sult in finding mouthed and suffix
effects used digits as stimuli (Greene &
Crowder, 1984, MNairne & Crowder, 194

Nairne & Walters, 1983,

EXPERIMENT 4

Experiment 4 was designed 1o question
whether only the digitness dimension could
generate and suffix mum for
mouthed visuallv-presented stimuli, or
whether some other dimension aimw whicl
procedures varied across studies ¢m
the conflicting findings., We again va

recengy

3
used
1

e

mouthing instructions, adding the tyvpe of
stimulus variable, that is, whether the
stimult were digits or letters. Also. we

noted that there was a difference between
the vocabulary sizes used in Experiments 2
and 3 and those used in ?“‘"&gwuma nt |
wel as by other researchers (Greene
Crowder, 1984; Mairne & &fmmﬁm 1G9
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Nairne & Walters, 1983). Our second and
third experiments had randomly drawn the
seven-item lists from a vocabulary of size 3
mm; oled with replacement, while the vo-
cabulary size was 8 or 9 (sampled without
rep im ement} in our first experiment and
the earlier published work. Thus, vocabu-
lary size appeared to be a possible param-
eter determining 1
mouthed re
ulary s

Hull in
letters. They did m,,si find a significant dif-
ference in the recall of letters from vocabu-
laries of either three or nine letters. How-
2t they pointed out that the lists drawn
from a size 3 vocabulary used repetitions
that lists from a sive 9 vocabulary did not
need to use. Although Conrad and Hull
1964) found no differences in the re

cency and suffix effects, Vocab-
size has been tested by Conrad and
1964 with vi

{

lists with and without repeated letters. Pol-
lack (1953 did find decreasing recall with
larger vocabulary size using a different
procedure. In addition, vocabulary size
wis 1ot tested with digits. Therefore, Fx-
periment 4 also varied vocabulary size, that
is, whether the digits or letters were drawn
from a vocabulary of size 3 or size 8.

Method
Subjects and Desion

University of South Carolina students
from the subject pool par ticipated in this
experiment to sati isty a course requirement,
Twelve of the ninety-six students were ran-
domly assigned to each of the eight condi-
tions resulting imn the three between-sub-
jeets variables: (1) whether sub Hects were
instructed m mmnm or nonmouth, ()
whether the stimuli were digits or letters,
and (3) whether the stimuli were drawn
from a pool of size 3 or size 8. In addition
o the two within-subjects variables used in
the preceding experiments (i.e., whether
the eight-item lists were followed by a
suffix ar a nonsuffix, and the serial position
of the eight items within each list), this ex-

the presence or absence of

sually presented lists of

all of

gfm'iamm varied response mode. Half of the
subjects wrote their recall of the first 40
eight-item lists and then typed their recall
of the last 40 eight-item lists, while the
other half did the reverse.
Stimuli and Procedure
Eight stimulus items were rang domly se-
lected from one of four stimulys pools: (1)
el digits, (2) eight letters, (3) three
di 4) three letters, In the size 8 con-
dit cight-item trial was randomly
drawn without replacement from either the
eight digits, 1,2, 3,4, 5,6, 8, and 9, or the
eight letters, F, H, J, K, L, N, R, and S, In
3 ach eight-itemn trial

the size 3 conditions
was randomly drawn with replacement
from either the three digits, 1, 2. and 3. or
the three letters, F, H, and R. Thus, each
subject saw 80 lists of an eight-item series,
cither drawn from a size 3 or size 8 pool of
tetters or digits. The Iis s Hmw d ei-
ther by the word i i
tion, or by a string of (**) in H‘w ‘{"*awms i
condition. Other than the subject ;m’m%%n’m
half the trials by writing and half 1 oy Lyping,
the procedure followed on each of the 80
trials was identical to that of Experiments 2
and 3.

Results and Discyssion

The two manipulations we focused on in
this experiment were (1) the type of stim-
ulus, that is, whether the stimuli were
digits or letters, and () vocabulary size,
that is, whether the digits or letters were
drawn from a vocabulary of size 3 or &,
Figure § clearly shows m“m the important
manipulation in this c,,mmz ent was vogab-
asmw size when considering the point of
our investigation, that is, end-of-list recall.
Looking at the top panel in Figure 5 we can
see that (1) recency effects wers found with
mouthed or nonmouthed visually presented
letters when they were drawn from a vo-

cabulary of size 8, but not when they were
drawn from a size 3 vocabulary, and (2) al-

though there was a small suffix effect for
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Fra. 5. Mean percentage correct as a function of Mouthing Condition (mouthed/nonmouthed) by
Suffix Condition Guffis/nonsuffixg by Vocabulary Size Condition (3/8) by Serial Position (1<8) with
visual presentation of letters (a) and digits (b) in Experiment 4.

mouthed letters drawn from a size 3 vocab-  were found with mouthed visually pre-
ulary, a much larger suffix effect was found  sented digirs drawn from a size & vocabu-
when the stimuli were drawn from a size 8 lary than when drawn from a size 3 vocabu-
vocabulary. Looking at the bottom panel lary, and (2) mouthed visually presented
we can see that (1) larger recency effects  digits showed suffix effects only when
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they
size 8,

were drawn from a w«;w'”;‘a%‘mm;k‘y of

The mmportant variable in finding
“mouthing'’ effects is mxi w%mzi%“sx:r the
to-be-remembered items letters or
digits but whether they were chosen from a
vocabulary of 3 or 8,

Figure 5 also shows the significant inter
action between the type of stimulus and vo-
cabulary size. Although this interaction is
interesting it is nonselective as to serial po-
sition. Over all serial positions, letters were
alled better when chosen from a size 3
{645% ; i? ian from a size 8 (349%) vocabulary,
vere recalled better from a size 8
sulary than é“:”mm i ‘*«;ﬁ/’f;“ 368
v, FULEBO)Y = 707, D09, M5,

15

Recency Effects

in the following analysis, the recency ef-
ect 1s defined as an improvement in recall
performance from position 7 to position 8
for the Monsuffix conditions onlv, and the
conclusions are based on planned compar-
isons at the .05 level. Mouthed letters from
a vocabulary of cight showed a 17% in-
crease from the seventh to the eighth posi-
tion (38 to 559 which was significant,
(1.2 8 p < DL MS, = BLE,
However, mouthed letters chosen from a
size 3 vw;mm ry showed no significant re-
mswﬂ ‘“‘s”m*«“’w F(i,
, . 4«\«3’\% = ] A significant recency
ci'!’mi {14 f‘"m:»m 33 to 479%) was also
found with nonmouthed letters if chosen
from a vocabulary of size 8, F{1.22)
T4, p o<l O MS, = BLE, but not when
chosen from a vocabulary of size 3 (52
549, F{1.22) = 059, p > 05, M, =
81.8.

When the items were digits and
from a vocabulary of size 8, mouthing led
1o a 17% recency effect (62 1o 79%) which
wis 'ﬂm‘t'ﬂw:mi F(L22y = 4238, p < .01,
M5, = BLE When tl ‘Hw du} list was chosen
imm a Mﬁmz%ﬂ.ﬁidu of size 3 mouthing led to
a recency of only 6% {43&% to 547%) but this
was stull significant, F(1,22) = 328, p

M, 81.8, Also, when digits were

et

chosen

ER BT AL

nonmouthed, digits chosen from ¢
vocabulary led to a 18% recency effe
to 719%) which was significant, F(1,
3299, p < 01, MS, 81.8, while non-
‘ %mm a size 3 vocab-

i"ﬁmuﬂm% digits ¢ hmu

foct "g:"aim to f»ﬁ 1% ),
MS, = 81.8.

K 367,

Suffix

Another finding central to the purpose of
this study concerned the occurrence of
suffix effects for the last position. This can
be seen by comparing the effect of the
suffix in Figure 5 at the eighth serial posi-
tion,

Maowthed letiers Trom a vocabulary of
size B show a significant differenc
between 1 E‘ 2

MH“X and nonsuffix con-
ditons, F(1.2 28, poen O ME, =
81.8. The ﬁ‘m,ﬂvﬂ‘”‘}%ﬁ letters selected from the

size 3 vocabulary show a much smaller but
still significant difference (79 b *Mwm the
suffix and nonsuffix conditions, 711,27}

T8, p o< MY, sld It s weai't h

noting that the difference (149%) found for

was significantly greater m;m Hm i M STENCEe
(79} tound for mouthed letters from a vo-
cabulary of size 3, F(1.20) = 718, p <

] 818, The suffix effect was not

signi 190) when the letters were non-
mouthed and drawn from a vocabulary of
size B, FOL22y = 235, p MAS,

81.8. Also, 1 ,%"n; suftix effect was not signifi-
cant (3% an 'E i the wrong direction for the
nonmuouthed letters chosen from the size 3
vocabulary, ;‘-‘(L 220 = 132, p > 05, MS,
#1.8.
Mouthed digirs from a vocabulary of size
8 show a significant difference (139%) be-
tween suffix and nonsuftix condition
FOL22) 2874, p = M5, 18,
ver, when the mouthed digits were

Howe
chosen from a size 3 vocabulary there was
no Wé’:i"‘iifia;mm a;é'?'ﬁ; rence (33‘}???} between

1,77 -

1op e 8O, M.@Q = ,?m When the digits
¢ ‘z“u;mz”m.m%2’}{:«3 the suffix effect was not




ant and was the same (492) whether
items were zhumm from a vocabulary

size 3 or &, 1 = 235, p o 05, MS,

818

Written recall was Milw Ha an i‘jmffam re-
call, #L1.80) = H{ <002, M5,

0.4, However, ihe:w WEere no w' ificant
interactions between type of response, that
is, whether subjects wrote or typed their
responses, and any other variable in this
experiment. These results agreed with
those found in our third experiment.

In summary, z‘muiw z~“f'mwwd ME hw -

iim experiy wm WHE VO a%umv S17€. Mu«»
cency effects were found with mouthed or
nonmouthed visually presented letrers
when they were drawn from a vocabulary
of size 8, but not when mm’ WEre k‘;!"ikWﬁ"}
from a size 3 vocabular
was a small suftix effect for ;‘Hmsi%n d le m rs
drawn from a size 3 vocabularv, a much
farger suffix effect was found when the
imuli were drawn from a size % vocabu-
lary. Larger recency effects were found
with mouthed visually presented digirs
drawn from a size 8 vocabulary than when
drawn from a size 3 vocabulary and
mouthed visually presented digits showed
““““ fects only when they were drawn
from a vocabulary of size 8, Therefore,
whether the stimulus items were mouthed
or nonmouthed, letters or digits, finding re-
oy oeffects depended on whether the
ms were drawn from a size 8 or a size 3
o However, suffix effects were
found only when the items were mouthed
and drawn from a size 8 vocabulary. It is
important to note that although recency ef-
fects were not influenced by mouthing, the
suffix effect was dependent on the
mouthing manipulation

st

LF:
ey
ey
=
P

ExXpEriMENT 5

Experiment 4 had shown the finding of
recency and suffix effects with mouthed vi-
MU\’ pw nted stimull was dependent on
e of the vocabulary from which the
stimuli were drawn. Therefore, the ques-
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tion that motivated Experiment § was
whether recency and suffi ix e m ts found
with auditorily pre

varied H"m two i Hgm mm man wiwtmm in
Experiment 4: (1) the type of stimulus
that is, whether the stimull were digits or
letters, and (2) vocabulary size, that is.
whether the stimuli were drawn from a vo-
cabulary of size 3 or 8. However, in this
experiment all stimuli were presented audi-
torily.

Method
Subjecrs and Design

of South Carolina students
recetved extra credit for their participation
in this experiment, Nine of the thirty-six
students were randomly “L"&:Mi‘_;j:ﬂt‘d to each of
the four conditions resulting from the two
factorially crossed between-sub }m? var-
ables: (1) the type of stimulus, that is.
whether the stimulus items were digits or
fetters, and (2) vocabulary size, that 15,
whether the m ms were drawn from a pool
of size 8 or 3. As in the preceding experi-
ments, MEHM condition, that is, whether
the ecight-item lists were followed by a
sutfix or vnonsuffix, and the serfal position

University

of the eight tems within each list were
varied w i,hm subjects,
Stimuli

In the size 8 condition each eight-item
was randomly m« vwwn without replacement
from either the eight digits, 1, 2, 3, 4. 5. 6.
8, and 9, or the m,@z@ tletters, FLHL I K, L.
M, R, and S, In the size 3 condition cach
eight-item trial was randomly drawn with
acement from either the three digits Em
2. and 3, or the three letters, ¥, H, mei I8
Thus, each subject heard 80 lists of an
eight-itern series, drawn from either a size
3 or a size 8 pool of letters or digits. The
lists were followed by the word “'go’" in the
suffix condition, or by a “tone’ in the
Nonsuffix condition. Whether the 80 lists
were followed by a suffix or nonsuffix




160 TURMNER ET AL

was random, with the constrain! that the
number of sts in each condition was even,
The stimulus items, the suffix word “‘go”,
and the nonsuffix “tone” were generated
with the Mountain Hardware’s Supertalker
on an Apple 11 Plus microcomputer as in
the auditory condition of Experiment 2.
The average duration of each stimulus item
was 300 ms, with the exception of a
Uready’ signal which lasted 830 ms and
preceded each trial,

&

Procedure

Subjects were instructed to listen care-

fully 1o the stimulus items and the order of
presentation, and then to type their recall

in the correct serial order on specially
marked kevs on the computer keyvboard,
They were given four practice trials during
which time the experimenter remained with
the subject to be certain the subject fol-

lowed the instructions,

On each of the 80 trials the subject first
heard the “‘ready’ signal, iﬂim\w f by a
preparation period of 1000 ms. Next. the

eight-item list for that %rm! was auditorily
mted at a rate of approximately two
comnd, and followed in sequence hy
i or the nonsuffix “tone,”

fix “go’
ubject was instructed to use gither the
X as a cue 1o begin his/
The duration of each subject’s
recall was self controlled, with a minimum
of 20 s separating the onset of the last item
(suffix or tone) from the “ready’ signal
that began the next trial. During this period
the subject typed the items he/she recalled
on specially marked keys on the computer,
Each subject was instructed to tvpe the
items in the same serial order as they were
heard, after which each subject was given
an opportunity (o change any particular re

Sponse he/she wished to correct. As i‘w
subject finished recalling each trial, imme-
' feedback was given Mmu the number

the su
The s
suffix or the nonsuffix
her recall,

correctly recalled mad the subject was en-

couraged to keep trying
There were m;‘w experimenters in this

study and each ran three subjects in each

condition, counterbala

menler

Cin g any expe ri-
bias.

Results and Discussion

The question motivating this final a‘wgw*éw

ment was whether recency and suffix ef-
fects found with auditorily presented

stimuli are dependent on vocabulary size.
Figure 6 clearly shows that they are not.
The statistical analysis confirmed that the
important interaction, that is, the Type of
Stimulus x Vocabulary Size x Suffix
{”‘ax“ami‘ﬁ’am erial Position, was not signif-
icant, Fo= 0.38, More importantly, p%mmvﬁ
comparisons showed that recall in the
Nonsuffix condition at the eighth serial po-
sition was consistently greater than recall
at the seventh position when the stimuli
were (1) digits drawn from a size 8 vocabu-
f

lary (14%), F(1,7T) = 156, ;; <01, MS,
12.6, (2) digits drawn from a size 3 vocabu-
fary (1592, (171 = 1786, p <0 01, M5§
12.6, (3) letters a%mwn from a size 8 vo
ulary (26%), F( 5365, RUITN /%}"*s
s 12,06, (4) Etr,mm drawn Mwu; a size 3 vo-
cabulary (199), F(1.7) = 28.65, p < .001,
MS, = 12.6. Thus, recency cffects pe-
curred regardless of whether the stimuli
were digits or letters, and whether the
stimuli were drawn from a vocabulary of
size 3 or 8.
In addition. Figure 6 clearly shows that
suffix effects occurred regardless of type of
x%,fzmm or vocabulary size. That is, there
WAS a v«;iggm icant difference in recall be-
tween Suffix and Nonsuffix conditions at
the eighth xmmi position when the stimuli
[y fa&mw drawn from

were ( a size 8 vocabu-
lary (119), F(1.7) = 9.6, p < .01, MS,
12.6, () 2 Wm drawn from a s M % wmsimw
fary (209, FOLTy = 317, p < . MS
12,6, (31 letters drawn from a size 8
ulary (16%), F(1,7) = 20.3, p < 01, M§, =
12,6, (4) letters drawn from a size 3 vocab-
ulary (2 CETY == 384, p =0 OL, MS, =
12.6.

In summary, results showed (1) recency
effects occurred regardless of whether the

stimuli were digits or letters, and, whether




RECENCY AND SUFFIN EFFECTS

8
a5 LETTERS

161

30
H t & & 7 i
‘%E‘W Al wm
a function of 'B‘W;w of Stmulus Condition (letters/digits) by
abulary Size Condition (M%) by Serial Position (1-8) with
mé Hory presentation u? igm‘n and fetters in Experiment 5,
the stimull were draw m from a vocabulary  sually presented %?én‘nm are not mediated
of size 3 or 8, and (2) suffix effects oc- by a common structure or Process,
curred r dless of H"na:“ type of stimuli or . .
vocabulary size. Therefore, the results of GENERAL DISCUSSION
this experiment showed that recency and The question that motivated this series of
suffix effects in the recall of auditorily pre-  studies was whether two sets of effects thia
sented items were independent of vocabu-  appear to be identical are mediated by the
fary size, while the results of Experiment 4 same mechanism. Are the suffix and re-
showed that recency and suffix effects in cency effects found when visually pre-
the recall of mouthed visually presented sented stimuli are mouthed caused by the
items depended on whether the size of the  same psychological processes and/or struc-
vocabulary wi tures that lead to 2‘E“u;*s¢: effects when pre-
It is clear that vocabulary size is one  sentation is audit ttory? It the two sets of ef-
variable that has given rise to differe ts are mediated by the same underlving
between the findings of our second and anism, then they should be affected
third experiments with those of our first by the same variables, The demonstration
experiment and other researchers investi- of a single variable that differentially af-
R gating mouthed recency and suffix effects  fects these two sets of phenomena would

(Greene & Crowder, 1984 Nairpe &
Crowder, 1982; Nairne & Walters, 1983).
This one variab %u is enough to support the
hypothesis that the recency and suffix ef-
fects found with auditorily presented
stimuli and those found v

vith mouthed vi-

strongly suggest that the
different me NSNS,
The major q vestion motivatin
second and a,m experiments was wh
the phonemic nature of the stimuli
varied or consonant varied) affe

v oare mediated by

our
ether
{vowel
cted the
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xzmh de of mouthed recency and suffix
fects in the same wav as those effects ob-
m ned with auditory presentation. In order
to explore the effect of that variable on
mouthed recency and suffix effects, how-
ever, those effects must first be reliably ob-
tatned and our two experiments failed 1o do
so. Experiment 2 clearly showed that re-
cency and sulfix effects with auditory pre-
sentation were only found with vowel-
varied stimuli, not with consonant-varied
stimuli. There was no convincing evidence
for mouthed recency or suffix effects with
visual presentation. The results of Experi-
ment 3 essentially agreed with those of Ex-
periment 2 in Mmﬂm.ﬁa no evidence of re-
cency or suffix effects with mouthed vi-
sually presented stimuli, much tess that the
phonemic nature of those mmu‘% mnteracted
with the variables of serial position and
suffix condition.

Sizable mouthing effects were obtained
in our tab in Experiment 1 using digit lists,
suggesting that the effects might »:mi}/ be
found with certain types of stimuli. The
final two experiments demonstrated that
whether the stimuli were chosen from a vo-
cabulary of size 8 or size 3 determined
whether the mouthing effects would be ob-
tained. Mouthing of visuallv presented
stimaldi led to demonstrable recency and
suffis effects if the stimult were either
letters or digits chosen from a pool of eight
itermns but not if the stimuli were chosen
with M; placement from a pool of three
items. The final experiment showed that
this variable did not atfect the magnitude of
recency or sulfix effects with auditory pre-
sentation. Figure 6 shows quite clearly that
with auditory presentation, the mc;c":*mfy ef-
fect in the nonsuffix condition, and the dec-
rement in that effect following a suffix.
oceur irrespective of the vocabulary size
from which the lists are chosen. It is thus
our contention that mouthed recency ang
suffix effects are nor mediated by the same

with auditory presentation,

This leaves the mouthing effects unex

plained and, unfortunately, we can only
offer vague speculation. We argue here that
the recency mmf and suffix effect found
with auditory presentation are attributable
to éz"mi;rrm&mim directly resulting from audi
tory sensory mput, The mouthing findiry

among others, have contrib nmi o an ex-
tensive battering of the mw? ~and revised
PAS intepretation of the suf m effect. But

the fact remains that there are several cru-
cial results that scem to demand an expla-
nation based on an information source di-
rectly based on or derivative of auditory
n‘emﬂ Crowder (1982a, 1982h) showed tha
yrmance inan A-X matching task with
synthesized vowel sounds declined as the
delay between the A and X increased up to
3000 ms. He argued that performance at a
short delay depended on a representation
in echoic memory for the vawel but that
the i”m‘m;wutmmim‘a was lost by the o
defay (3000 ms). In a task th “mw iy
diate m!mﬂ recal
mance in the "‘WM iffix a;"@"zx"sdmm% is theo-
rized to depend on this same echoic repre-
sentation while the echoic memory is not
available for vecall in the Suffix condition.
It that is the case then performance in the
Nonsuffix condition should correlate with
performance in the A-X task at a short
defay but performance in the Suffix condi-
tion should not correlate with performance
in the long-delay A-X condition. That is
exactly what Crowder (1982b) found.
if’m‘l’wnu,‘mw in two very different tasks,
‘‘‘‘‘ same or different to two speech

&.w,mh ard recalling a Hst of auwrally pre-
sented digits, is corre lated but only in those
conditions theorized 1o depend on echoic
MEemory.

Why then does

IR

mouthing of visually
presented stimuli lead, under some condi-
tions, to (D enhanced performance gener-
ally, (2} increased recall over recency posi
tions in particular, and (3 reduced reca
over recency when a nonrecalled suffix is
mouthed at the end of the list? One possi-
bility is that while am% auditory presenta-
tion leads to a true eg iwm representation of




MOY AND SUFFIX EFFECTS

the type initially deseribed by the Crowder
«smii ‘\%w”&m“ {1969) PAN, both auditory
] tation and mouthing of visually pre-
mnmai stimudi lead to the activation of artic-
ulatory or gestural codes of the type pro-
posed by Greene and Crowder (1984), Anp-
other possibility is that mouthing increases
the likelihood that viw;‘ilhf’ presented
stimuli reced

the type described by C

Hois not clear, however, why mouthing
would interact with vocabulary size in the
manner demonstrated in Experiment 4. For
letters, lists from three-letter vocabular-
s were alled better, irrespective of
mouthing condition, than were lists from
eight-letter vocabularies. The letters for
the H“H”a"w«ﬂc‘eim‘ vocabulary were chosen ar-
bitrarily from the also arbitrarily chosen
eigh ’%wiawima“ vocabulary, In retrospect, this
probably led to the two vocabularies dif-
fering somewhat in overall acoustic con-
fusability, An analysis from Conrad’s (1964)
confusion matrix showed that the mean
confusability of the eight-letter vocabulary
was somewhat higher (03 than that for the
three-letter vocabulary (L023), While nei-
ther of these is very high (even compared
to the low-confusability lists in Conrad and
Hull (1964)), it is possible that this accounts
for the better recall of the list from the
three-letter vocabularies, Even if that is
true, however, this does not explain why
mouthing would only be found with the
lists from the eight-letter vocabularies.
Greene and Crowder (1984} showed that
mouthing effects interacted with confus-
ability of the stimulus items in the same
way that the standard modality effect does.
In other words, mouthing effects are re-
im‘mi with w;tmmii that are hugh in acoustic
cont mhﬁ%
a rmwmmw effect with eight-letter than
with three-letter vocabularies, but, of
course, the reverse is true.

With the digits, there was not as much
difference between the three- and the
eight-digit lists, irrespective of mouthing,
as with the letters. However, again,

onrad (1964),

yve the articulatory coding of

. Thus, we should find less of

I

mouthing effects were only found with the
lists chosen from the eight-letter vocabu-
laries. This scems to rule out any explana-
tion that mouthing effects ocourred only
with eight-item vocabulary lists because
difficulty was confounded with vocabulary
S17€,
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