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Differing Suffix Effects for the Same Physical Suffix

Thomas J. Ayres, John Jonides, Judith S. Reitman,
James C. Egan, and David A. Howard

University of Michigan

Two experiments tested the hypothesis that how subjects categorize a stim-
ulns will alter the amount of interference that it produces when it follow$§
a list of words to be serially recalled. The results demonstrated that different
categorizations of a single ambiguous stimulus determined the magnitude of
the suffix effect. This casts doubt on whether the suffix effect can be mar-
shaled as evidence for a precategorical acoustic storage.

Many recent models of human information
processing have incorporated a processing
stage that corresponds to an initial, modality-
specific storage site for incoming stimulus in-
formation (e.g., Atkinson & Shiffrin, 1968;
Morton, 1970); Norman, 1970). Although
the characteristics and functions of such sen-
sory buffers have not been well established,
they are presumed to store information in a
relatively literal code for brief periods of
time until that information is processed fur-
ther or forgotten.

In the auditory modality, this sensory buf-
fer has been called echoic memory by Neisser
(1967) and precategorical acoustic storage
(PAS) by Crowder and Morton (1969).
Evidence for such a structure comes from
several sources. Darwin, Turvey, and
Crowder (1972) demcnstrated a larger par-
tial report superiority effect for spatial than
for categorical cues, akin to the finding of
Sperling (1960) in the visual domain. In
another vein, Massaro (1972) and Massaro
and Kahn (1973) used a masking paradigm
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to show that a relatively unprocessed image
of a stimulus is stored for a brief interval
~"ter its presentation. Studies by Burrows
(1972) and Cole, Coltheart, and Allard
(1974) lend support to this position by dem-
onstrating that subjects use a relatively un-
processed auditory representation when they
are engaged in tasks that require matching
of stimuli that are presented successively bnt
with a short interstinwlus interval. Yet an-
other technique used by Kubovy and How-
ard (1976) demonstrates that echoic mem-
ory preserves pitch information as well with
great fidelity. :

One of the most intensively investigated
lines of evidence concerning PAS is drawn
from studies of the stimulus suffix effect:
When a spoken list of words is followed by
an extra (often redundant) item, called the
suffix, immediate recall of the last items in
the list suffers in comparison with recall
without a suffix. A series of experiments at-
tempted to establish that this suffix effect
depends on the acoustic similarity of the
suffix to the list items and not on any as-
sociative or semantic relatedness (Morton,
Crowder, & Prussin, 1971; Morton & Hol-
loway, 1970). So, for example, any speech
sound of the same pitch and loudness as list
items served as an effective suffix; in con-
trast, a visual item, a buzz, a musical sound,
or a speech sound of different pitch, spatial
location, or voice than the list-items produced
a diminished suffix effect or no effect at all.

Copyright 1979 by the American Psychological Association, Tac., 0096-1515/79/0503-0315500.75

315

'
>
o~




316

However, if list items were nonspeech
sounds, then a suffix effect would be pro-
duced only by a similar nonspeech suffix
(Rowe & Rowe, 1976). Crowder (1973)
demonstrated that a suffix was only effective
if it occurred within about 1 sec of the last
item in-the list and that it need not fall into
the same rhythmic pattern as the list items.
All of these Tesults suggest interference
among precategorized acoustic traces, lead-
ing to the construct of a precategorical
acoustic store: a memory buffer with brief
duration whose contents are sound represen-
tations held in a form uncategorized as to
meaningful content. Successive inputs to this
buffer interfere with the buffer’s contents
unless their gross physical features differ
from those of the items in the store (Morton
et al., 1971).

This interpretation of the suffix effect has
recently been challenged. Salter and Colley
(1977) found that the magnitude of the
suffix effect can depend on the associative
connection between the suffix and the list
items (e.g., recall of the final list item was
better with a synonymic than with a non-
synonymic suffix). Although this is a rela-
tively small effect, it can be interpreted as
evidence for suffix interference arising from
categorical similarity. In addition, Watkins
and Watkins (1973) found that the size of
the cffect is indifferent to whether the list
words are either one or four syllables in
length. If acoustic factors were the major
determinants of the interference between suf-
fix and list, then there should certainly he
some effect of word length (i, only the
last two- syllables of the last four-syllable
word would suffer, whereas two whole one-
syllable words would suffer.) Finally, Spoehr
and Corin (1978) have recently demon-
strated a suffix effect when the suffix was
articulated but not spoken, further suggest-
ing that acoustic factors need not he crucial
to obtain the effect.

The issue of whether the suffix effect tells
us anything about PAS appears to be un-
settled: On one hand, Crowder and Morton
argue- that acoustic similarity between- list
and suffix is both necessary and sufficient
to determine whether a suffix effect will re-

AYRES, JONIDES, REITMAN, EGAN, AND HOWARD

sult. On the other hand, recent investiga-
tions demonstrate (albeit indirectly) that
such acoustic factors may not be the sole de-
terminers of the suffix effect, but that more
cognitive variables, such as semantic inter-
pretation and recognition of word bound-
aries, may be involved as well.

To directly address the necessity and suf-
ficiency of acoustic and categorical variables,
one must have independent manipulation of
these variables. In particular, to directly test
whether the categorical relationship between
suffix and list alone could change the mag-
nitude of the suffix effect, one must manipu-
late categorization while keeping acoustic
characteristics the same. Experiment 1 does
just this.

Experiment 1
Method

General design. To control for the acoustic re-
lationship between suffix and list and to vary only
the categorical relationship, we used the same
physical stimulus as the suffix under two condi-
tions intended to manipulate subjects’ categoriza-
tion of that stimulus. Specifically, we appended to
lists of words a special suffix, a plunger-muted
trumpet note sounding like a nasally spoken: syl-
lable, zea. In one condition these lists were em-
bedded among others in which the suffixes were
speech syllables; in another condition they were
embedded among lists in which the suffixes were
musical sounds. We intended that subjects in the
former condition would interpret the wa as a
speech sound and that subjects in the latter con-
dition would interpret it as a musical sound. If
so, and if the categorical relationship between
suffix and list contributes to the suffix effect, then
an effect should arise under the former condition
(“speech” suffix and speech list) hut not under
the latter condition (“music” suffix and speech
list), even though the physical stimulus is the
same under both conditions. A third condition, with
no suffixes, served as a control against which to
compare the magnitude of the suffix effects aris-
ing from the two conditions of interest.

Subjects. The 71 subjects were undergraduate
students enrolled in a laboratory course in experi-
mental psychology, who participated as part of a
course requirement. They were tested in five
groups, two for each experimental condition and
one for the control.

Stimulus materials. Thirty-five lists of 7 words
each were constructed by drawing randomly with-
out replacement from a 12-word population. The
words were single-syllable, three-letter nouns with
unique ‘initial letters: bed, car, fit, gas, hat, job,
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key, leg, map, net, rug, and top. For_each of the
three conditions (speech suffix, music suffix, and
no suffix), 5 of these lists were designated as gen-
eral practice lists. The remaining 30 lists were
randomly assigned to three blocks of 10 lists each.
The first 2 lists of each block were also desig-
nated as practice lists and were not included in
the data on which analyses are based. This proce-
dure left 24 lists as the test lists.

In the speech suffix condition, four different suf-
fixes were appended to the lists. For 6 of the test
lists, the appended suffix was the syllable da; for
6 it was pin; for 6 it was wing; and for the re-
maining 6 it was the ambiguous suffix wa. The 11
practice lists for this condition used these same
suffixes.

In the music condition there were also four
suffixes, each appended to 6 of the test lists. These
suffixes were a trumpet playing a muted tone
(mute), a plucked violin string (pluck), a bowed
violin string (bour), and the ambiguous suffix twa.
The 11 practice lists for this condition also used
these suffixes.

The no-suffix control condition consisted of the
same 35 lists used in the other two conditions
with no suffixes appended.

Each list began with a 200-msec warning tone
followed by 1.2 sec of silence. The list items and
the suffix (if any) followed at a rate of two per
second. Each list was followed by 15 sec of silence
before presentation of the next list. To ensure that
the auditory characteristics of the lists were iden-
tical across the three conditions, the item tokens
were recorded by a male voice at approximately
the same pitch and loudness and were stored in an
IBM 1800 computer, All of the lists were then
constructed from these stored tokens. The speech
suffixes (spoken by 2 male voice different from
that used to record the lists), the music suffixes,
and the wa were similarly recorded, stored, and
used in tape construction.

The lists in the speech and music conditions
were matched on the basis of which suffix was
paired with which list. This was done by matching
the three music suffixes nuite, pluck, and bow to the
three speech suffixes da, pin, and wing, respectively.
The choice of these matched pairs followed a pre-
liminary similarity scaling of the suffixes. First,
subjects were asked to listen to the three music
suffixes and to suggest speech sounds that closely
approximated each suffix. Then a new group of
subjects was asked to judge the similarity of each
candidate speech suffix to each music suffix by
using the method of paired comparisons. These simi-
larity ratings were then pooled across subjects to
select the speech suffix most similar to each music
sufhix. The resulting pairings were then used to
match each list and suffix in the condition to a
list and suffix in the speech condition. Of course,
the lists with wa as suffix in the music condition
were also matched to the lists with wa as suffix
in the speech condition by virtue of being identical.
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Figure 1. Percentage of correct responses for each
serial position in each of the conditions of Ex-
periment 1. (Data for the wa suffix are indicated
separately from data for the unambiguous suffixes.)

Procedure. Subjects in the speech suffix condi-
tion were told that they would hear lists of seven
words with the last word in each list followed by
an irrelevant speech sound (the suffix). They
were instructed to recall the worgs in serial order
immediately after the suffix by writing the first
(unique) letter of each word in the appropriate
spaces of a response sheet. The 30 subjects in this
condition were given 5 practice trials and three
blocks of 10 trials each.

The 27 subjects in the music-sufix condition
were given the same instructions, except that they
were told that the suffixes would be musical sounds.
Likewise, the 14 subjects in the no-suffix control
condition were given the same instructions except,
of course, they were told nothing about suffixes.

Results

Figure 1 presents the percentage of cor-
rect responses for each serial position in the
three conditions, with the data for the wa
suffix presented separately. Items were
scored as correct only if they were reported
in their correct serial positions. Casual in-
spection of the figure suggests several trends:
(a) The unambiguous speech-suffix lists
(with suffixes da, pin, and wing) show a
much-reduced recency effect compared to the
no-suffix control (i.e., a suffix effect); (b)
although unambiguous music-suffix lists also
show a trend toward a suffix effect, this trend

¢or
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appears smaller than that for the speech
suffix lists; (c) the wa suffix produces a
greater suffix effect in a speech context than
in a musical context; and (d) wa seems to
produce effects comparable to those produced
by the other suffixes of its condition.

The analyses of these effects used a priori
¢ tests to compare the average recall levels
at Serial Positions 6 and 7 across different
suffixes. In all cases, the criterial level of
significance was .01.

First, we replicated the standard suffix
effect results. Recall level after the unam-
biguous speech suffixes was significantly
lower than after unambiguous music suffixes,
$(55) = 5.79. Recall levels after both types
of suffixés were significantly lower than re-
call after no suffix (the control) ; for speech,
#(42) = 10.26; for music, £(39) = 3.02.

Next, we exanined the wa suffix to deter-
mine whether it producd a larger suffix effect
in the speech than in the music condition and
to determine whether it behaved similarly to
the other suffixes of its respective conditions.
On the first issue, the recall levels after the
wa suffixes differed in the two conditions,
¢(55) = 3.95. Apparently, the same sound
applied to the same lists produces a suffix
effect that differs in magnitude depending on
the condition in which those lists are pre-
sented. Furthermore, comparison of wa with
tne unambiguous suffixes of its condition
reveals no reliable differences; for speech,
t(29) = 41; for music, #(26) = 2.02. We
therefore conclude that we acts like its re-
spective brethren in the amount of inter-
ference it produces on list recall.

Discussion

The results with the unambiguous speech
and music suffixes replicate the findings of
previous research: A speech suffix appended
to a list of speech items produces a stronger
suffix effect than does a musical suffix (Mor-
ton, Crowder, & Prussin, 1971). Results
with the suffix 7a warrant the same con-
clusion except that the definition of speech
and musical as descriptions of the suffix do
not here depend on the physical stimulus.
but only on the contéxt in which the suffix

appears.

We must not be too hasty in interpreting
this phenomenon, however. Morton et al.
(1971) have found that a suffix that could
not produce a suffix effect under conditions
in which subjects were prepared for it could
produce such an effect if it was appended to
lists presented unpredictably in a series of
trials including more potent suffixes. In one
experiment, for example,. they found that a
suffix that was presented.in the ear contra-
lateral to the one in which a list was pre-
sented had no effect. But if this kind of trial
was presented with others in which the
suffix was presented in the same ear as the
list (a condition that produces strong inter-
ference), it too produced a suffix effect. In
another experiment, these same authors
found a comparable effect with a suffix pre-
sented at a pitch different from the pitch of
the list: As long as those trials were un-
predictably distributed through a session in
which same-pitch suffixes predominated, a
suffix effect was obtained.

Perhaps these effects are relevant to our
Experiment 1. Consider the following pos-
sibility: Subjects perceive za as a musical
sound regardless of the context in which it
appears and regardless of our bhest efforts
to select a sound that was ambiguously
speech or music.? If this were so, then if the
wwa suffix lists were embedded among speech

suffix lists, they might produce a suffix effect

merely because of their relatively low fre-
quency of occurrence. (Although subjects
were provided with roughly 25% trials on

1 We should note that this possibility is not sup-
ported by ratings that we obtained from each of
the subjects. Immediately after the experiment,
each subject was presented with each suffix in iso-
lation and was asked to indicate how speechlike
or musiclike it was on ‘a 7-point scale. Overall,
the unambiguous speech and music suffixes were
rated as speechlike and musiclike, respectively (2.2
vs. 5.1, in which the scale was specified as 1=
very speechlike and 7 = very musiclike). The suf-

fix 7ca was consistently rated in the middle of the _

scale (4.3). Although these findings may bear
marginally on the interpretation’ of recall per-
formance, we do not place great weight on thetr
importance. The cognitive effects of an event and
one's introspective reports of such cognitive effects
are by no means necessarily identical.
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which za was the suffix in the speech con-
dition, its presentation may still have been
relatively unexpected.) That is, if an unex-
pected music suffix appears among expected
lists with speech suffixes, it may also produce
a suffix effect, much as in the studies cited
earlier.

To test this hypothesis, we ran a fourth
condition identical to the speech condition in
all important respects except that the wa
suffix was replaced by an unambiguous mu-
sic suffix. We reasoned that if the above in-
terpretation has merit, then any music suffix,
when appended to lists embedded among
speech suffix lists, should also produce a
suffix effect.

Experiment 2
Method

Subjects. Thirteen undergraduate students in
an introductory psychology course participated as
part of a course requirement.

Stimulus materials. The stimulus lists were
identical to those of the speech suffix condition of
Experiment 1, except that the bowr music suffix
used in Experiment 1 replaced the wa suffix.

Procedure. The instructions were identical to
those of Experiment 1, except that subjects were
told that although most suffixes would be speech
sounds, one would be a musical sound.?

Results and Discussion

Figure 2 presents the recall results by
serial position for the bow suffix lists and
for the speech suffix lists in this condition.
A t test of these data revealed that disrup-
tion from the bow suffix is markedly smaller
than that from the speech suffixes, #(12) =
3.32.

The purpose of this control condition
was to determine whether a music suffix
would produce a suffix effect of the same
magnitude as do the speech suffixes. It did
not. The implication of this finding is that the
wa suffix of the speech condition in Experi-
ment 1 did not have. its effect merely be-
cause it was perceived as an unexpected
music suffix, embedded within lists that are
presented with speech suffixes.
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Figu-e 2. Percentage of correct responses for each
serial position in the experimental boiwv and speech
suffix conditions of Experiment 2.

General Discussion

Experiments 1 and 2 demonstrate that
how a suffix is categorized (which can de-
pend on contextual factors) determines the
magnitude of the suffix effect. Although
some previous research has suggested a sim-
ilar conclusion by demonstrating the contri-
bution of semantic and associative relatedness
to the suffix effect, we have strengthened
this position by demonstrating that acoustic
factors are not even necessary conditions to
produce the effect. .

The implications of these findings are
clear. Some researchers have previously pro-
posed that the suffix effect is due to a short-
lasting precategorical acoustic storage in
which the last few items of a list reside
(e.g., Morton et al,, 1971). When the suffix
is presented, according to this theory, it in-
terferes with the memory traces of those

2 Although it might have been ideal to use pre-
cisely the same instructions as in the speech con-
dition of Experiment 1, this.was not feasible.
Subjects would have readily suspected that some-
thing was amiss if we had told them that all of
the suffixes were speech sounds and then had pre-
sented bow' as a suffix.

-
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items in dircct relationship to its acoustic
similarity to the items. The present experi-
ments have falsified this model by critically
testing its assumption that this hypothesized
store is precategorical. Apparently, the in-
terference between suffix and list items oc-
curs at a level of processing after, not prior
to, such cognitive processes as recognition
and categorization.

This should not, of course, be interpreted
as a general critique of the construct of a
precategorical acoustic store. There are other
lines of evidence (Burrows, 1972; Cole et al.,
1974 ; Darwin et al,, 1972; Kubovy & How-
ard, 1976 ; Massaro, 1972; Massaro & Kahn,
1973) that may still support such a struc-
ture. We claim only that the suffix effect
cannot be used as one of these lines of
evidence.

How, then, do we explain the suffix effect?
The present experiments do not clearly
lead us to a theoretical alternative to the
PAS model. However, one appealing pos-
sibility is that the effect is mediated by in-
terference among items in a short-term
memory buffer in which items have already
made contact with loug-term traces aud
hence have bheen categorized (at least as to
their verbal naturc if not to their semantic
content). According to this view, interfer-
ence between the suffix and the last list itein
is seen to differ from the general interfer-
ence aniong items only by degree (the suffix
is, after all, the most recent item). Presum-
ably, a test of this position would hinge on
showing, for example, that the interference
of the suffix on the item in Serial Position
7 is of the same magnitude as the interfer-
ence of the seventh item on the sixth. Such
a line of reasoning is supported by the work
of Dallett (1965).

This possibility is further supported by
the fact that the dimensions of similarity
that produce differences in the suffix effect
parallel those found in short-term memory
{See Shulman, 1971, for a review.) In short-
term memory, little interference arises from
semantic similarity-(Baddeley & Dale, 1966) :
some interference arises from low-level cate-

"gorization, such as alphabetic-numeric clas-

sification (Brown, 1958; Posner & Konick,

1966), but most arises from acoustic simi-
larity (Wickelgren, 1965). In fact, the dif-
ferences between speech and music suffixes
shown here and in Crowder and Morton
(1969) are very similar to the differences
found between tonal and syllabic filler tasks
in Reitman’s (1971, 1974) short-term mem-
ory experiments.

This pattern suggests that the body 'of
work on the suffix effect should be merged
with that on the effects of similarity in short-
term memory. Explanations of both types
of phenomena, then, would be based on a
theory in which interference increases with
the similarity of the retained codes, either
at encoding, during retention, or at retrieval.
Whatever the final explanation, the inctu-
sion of the suffix effect results with those.of
other short-term memory paradigms has the
metatheoretical advantage of parsimony in
that both sets of phenomena will make ex-
planatory use of the same theoretical
machinery.
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