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Four experiments are presented that address the stimaudus sulfix effect for linguistically coherent
spoken materals. In Experiment 1, definitions of low-frequency words were preseated for one
line written recall. Each definition was followed by & nonword speech suflix preseated in the
same voice as the definition, the same nonword presented in a different wvoice, or 2 tone, The
results vielded & significant reduction inthe recall of the werminal words of the definitions in the
speech suffix conditions compared with the tone control. This general pattern was replicated in
Experiment 2, in which subjects did not begin their yecall wntil the suffix item or tone was
presented, although the magaitude of the suffix effect was reduced in this experiment. In
Experiment 3, sentences that were part of a cohesive story were presented for on-line recall, Here,
the suffix -effect was. considerably reduced compared with the suffix effect found with the
definitions presemted in Experiments | and 2. This patiern was replicated in Experiment 4, in
which subjects did not begin their recall of the story senlences until the spesch suflix or tone was

- presented, Overall, the resuls suggest that auditory memaory interforence can take place for

finguistically coberent speech, although the magnitude of the imterforence decreases 85 one
increases the level of Binguistic structure io the tw-be-recalled pyaterials. Traplications of the preset
sesults for current models of nataral language processing are discussed.

University of Missouri at Columbia

Within the past two decades there has been considerable
research, with a variety of experimental procedures, examin-
ing different. types of retroactive interference effects on the
~ recognition and recall of spoken words and sounds (e.g.,
 Crowder & Morton, 1969 Massaro, 1970, 1972; for reviews,
see Cowan, 1984; Crowder, 1976, 1978; Penney, 1989), The
primary goal of this research has been to understand better
the theoretical mechanisms underlying auditory memory, A
secondary, and quite important, goal in this research is to
understand better the role that such an auditory memaory
system might play in the comprehension of spoken language.
Here, the progress has been limited primarily to speculations

' that the same types of memory for auditory stimuli addressed
in experimental studies are also important in the processing
of ordinary language and that some of the same interference
mechanisms also operate in everyday speech comprehension
(e.g., Crowder, 1976; Darwin & Baddeley, 1974; Massaro,
1972, 1975; McNeill & Repp; 1973; Pisonid, 1873).

The primary goal of the present study is to begin filling the

void in the current experimental literature by addressing
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auditory memory for materials, such as phrases and sentences,
that are linguistically more natural than those materials typi-
cally used in studies of auditory memory. In pursuit of this
goal, we attempted 1o use an experimental paradigm that (a}
has been widely used to address the auditory memory system
and, therefore, provides a large literature base, (b) appears to
be sensitive to mechanisms that might play a role in speech
perception and comprehension, and (¢) can be easily extended
to investigate auditory memory with phrases and sentences,

One experimental procedure that is particularly intriguing
for studying auditory memory for natural language materials
is the stimulus suffix procedure (e.g., Crowder & Morton,
1969, In a typical suffix experiment, a list of to-be-recalled
words or syllables is followed by an additional redundant
sound called the suffix, For instance, & list of eight digits might
be presented with the word go appended to the end of the list,
The subject’s task is to serially recall the list of eight digits.
Results from such studies indicate that if the soffix item is
acoustically similar to the list items, there is considerable
interference with memory for the last few list stems {eg,
Morton, Crowder, & Prussin, 1971).

Most accounts of the stimulus suffix effect suggest that the
suffix interferes with a surface-level representation of the last
few list items (e.g., Balota & Duchek, 1986; Crowder, 1976;
Greene & Crowder, 1984). Here, by surface level we mean a
level of storage that occurs before there is meaning-level
integration across the words in the to-be-remembered list. In
the most celebrated model, the suffix effect presumably re-
flects interference with a prelexical representation, referred w
as echoic memory, that primarily holds auditory sensory in-
formation (sce Crowder, 1976; Crowder & Morton, 1969).
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The more recent model developed by Greene and Crowder
{1984) s1ill emphasizes a prelexical locus for sullix interfer-
ence. The Tact that most studics of the stimulus suffix effect
have been conducted with stimuli that provide very little
opportunity for higher level integration (Le., lists of digits or
unrelated words) clearly promotes a surface-level account.

1 the suffix primarily interferes with surface-level represen-
tations, then one might guestion whether suffix-type effects
would be obtained with more natural language materials,
Maost models of language processing assume that surface-level
representations are held only briefly and that the predominant
form of represemiation changes as the words are integrated
into a higher level linguistic representation that conveys pri-
marily the meaning of the utterance. Consider, for example,
the classic work of Sachs {1967). She found that memory for
the precise wording of suditorily presented sentences (surface-
level information) dropped considerably between a O-syllable
and 40-svilable delay but that memory for meaning remained
relatively high at the 40-syllable delay (also see Fillenbaum,
1966, and Hanson & Bellugi, 1982, for similar findings).
Moreover, the work of Marsien-Wilson (1975) provides com-
pelling evidence that words are integrated into a meaning-
based representation rather immediately, In these studies,
Marslen-Wilson addressed the impact of semantic and syn-
tactic information in the-shadowed message for close shadow-
-ers. Close shadowers are individuals that can shadow a mes-
sage at a very short lag (approximately 250 ms) between the
onset of the 1o-be-shadowed stimnulus word and the onset of
the shadower's pronunciation, Even though these individuals
could repeat the message virtually in synchrony with the
signal, they still corrected any errors in the shadowed message
to conform to meaningJevel information, These results sug-
gest that in speech comprehension words are very quickly
integrated into a higher level meaning representation (also see
Cole & Jakimik, 1980; Marslen-Wilson, 1989; Marslen-
Wilson, Tyler, & Seidenberg, 1978: Potter & Faulconer,
19793, :

*In addition, to the results in the auditory roodality, similar
findings have been found in the visual modality, The work
by Frazier and Rayner (1982) using eve-tracking methodology
provides rather dramatic support for the notion that words
are very quickly integrated with earlier words within sen-
tences, They found that longer fixation durations were asso-
ciated with the very first fixations in the arca of a sentence
that syntactically disambiguated the meaning of the sentence.
Moreover, subjects often made regressive eve-movements 1o
earlier portions of the sentences to attempt to recapture the
surface-level representations for the appropriate reading.
Thus, it appears that the buman sentence parsing mechanism
immediately computes at Jeast-some of the structural conse-
quences of fixated material for the analysis of preceding
material, and according 1o the regressive eye-movement data,
does not always have a surface-level representation available
in memory to recompute the new reading of the sentence,
Just and Carpenter (1980) even more strongly emphasize the
impact of ondine integration of words within a higher order
text structure, According to thelr immediacy assumption, all
processing associated with a word is completed before the
eyes deave that word.,

The important point 10 note hereds that according to such
immediate processing maodels, words are very quickly inte-
gratod within a higher level Hoguistic representation. Tn ad.
dition, as noted, there is some evidence that surface-level
information about a given combination of words is lost pela-
tively quickly. H indeed the suffix item inferfores with surface.
level information and #f higher level linguistic integration
quickly renders that surface-level information relatively su-
perflucus, then one might expect litte, i any, suffix effoct
with linguistically coherent materials.

Although there are clear reasons why one might expect
refatively little suffix effect for linguistically coherent mate.
rials, there are also reasons why one might still predict a suffix
effect with such materials. For example, the work of both
Caplan (1972} and Jarvella (1971) sugpests that although
higher level integration may ocour very rapidly, the surface-
level representation is not fully lost.untl the subject reaches
a clause boundary (see, however, Von Eckardt & Potier, 1985).
Thus, it is possible that the suffix item might interfere with
the surface-level representation in the current clause, Purther-
more, despite the coherence of natural speech, it is possible
that at some points it might overload the subject’s working
mermory capacity (see Baddeley, 1986; Miller, 1956). The
integration of individual words.into a-higher level text repre-
sentation may lag behind presentation of the information,
and hence, the listener may be forced to rely on. a surface-
level representation, Under these conditions, one would
clearly predict a suffix effect with linguistic materials,

In the present study, four experiments are presented that
address suffix effects with natural language ‘materials, The
basic paradigm was similar to that of taking notes from a
lecturers Subjects simply ‘Hstened to each sentence: and at-
tempted to write it down verbatim. The materials varied
between experiments in the amount of syntactic and semantic
redundancy available for higher level encoding and retention
{tower redundancy: dictionary definitions for low-frequency
words;, Experiments 1 and 2; higher redundancy: consecutive
sentences from a child’s story, Experiments 3 and 4). The
experiments also varied in the method of the subject's re-
sponse. Subjects either begain writing 25 soon as the sentence
began (Experiments | and 3) or waited untl the sentence
ended (Experiments 2 and 4), An immediate response may
tend to shift the memory load toward the end of the sentence
when the subject’s writing cannot keep up with the stimulus
presentation rate, In contrast, 2 delayved response may allow
the subject to utilize the higher level information in the
utterance before responding.

Following the procedure of a number of previous studies
{e.g., Balota & Tuchek, 1986; Greenberg & Engle, 1983
Morton et al,, 1971}, each stimulus sentence was followed by
one of three suffixes: (3) a nonword {snoke) spoken in the
same voice as the sentence, (b the same nonword spoken in
the voice of a person of the opposite sex, or (¢) & tone. To the
extent that some sort of speech-specific representation oper-
ates, recall should be superior with a tone suffix compared
with either the same-voice suffix or the different-voice suffux.
This should be the case if the relevant speech memory is
echoic storage as it is generally congeived (e.g, Crowder,
19763, a phonetic store (e.g., Baddeley, 1986; Cheng, 1974,




444 D BALOTA, N, COWAN, AND R ENGLE

or even an abstract speech memory representation that is
denved from auditory and visual specch information together
{Greene & Crowder, 1984), Furthermore, to the extent that a
memory based on scoustic characteristics 15 involved {(e.g..
echoic storage as it is penerally conceived; see Crowder, 1976),
performance should also be higher in the different-voice com-
pared with the same-voice suflix condition because the
amount of acoustically based interference should be greater
with the same-voice suffix. Of course, the ability to detect 2
differcnce between same- and different-voice suffixes is lim-
ited by the size of the overall suffix effect. As noted, there are
clear reasons from current language processing models for
expecting 2 relatively small suffix effect with more natural
language materials, thereby limiting the potential to detect a
voice-specific imapact of the suffix item.

Experiment |

In the first experiment the suffix effect was examined, with
the to-be-remembered items being dictionary definitions of
low-frequency words. Subjects were asked to transcribe tape-
recorded definitions verbatim. They were instructed to begin
writing down each definition as soon as the stimulus definition
began. The definitions were recorded in natural rhythm and
intonation and were based on actual definitions obtained from
a college-level dictionary, At the end of each definition, one
of the three suffix items was presented.

Method

Subjects. A total of 24 undergraduates from the University of
Massachusetts al Amherst participated in this experiment as partial
fulfillment of a psychology course requirement,

Apparatus. A Sony reel-to-reel recorder was used to record and
present the stimuli. The tone-control suffix was produced by a Zenith
Horizon microcomputer.

Marerials, A towl of 66 definitions of low-frequency words (ie.,
words with less than 12 occurrences per million according o the
Kutera & Francis, 1967, norms) were obtained from g college-level
dictionary. Half of the 66 definitions were 15 words in length, and
the other half were 20 words in length. (Some of the definitions had
to be slightly modified to equal these word lengths.)) Six of these
definitions (three of cach length) served as practice items, with the
rernaining 60 definitions serving as target items. The following two
definitions are examples of 15-word and 20-word definitions for the
words chaperone and rudder, respoctively: (a) a person, especially an
older or married woman, who accompanies young, unmarried people
in public; (b) a flat, movable piece of wood or metal hinged vertically
at the stern of @ boat and used for steering.

The recorded definitions were produced by a male speaker in a
normal intonation and speaking rate, After each definition was read,
there was 3 delay of approximately 0.5 s, and then one of the three
following events occurred: (2) The male speaker proncunced the
nonward snoke;, (b a fomale speaker pronounced the nonword snoke;
(o) & 500-ras, 500-hz tone was presented, Care was taken to make all
of the stimuli as similar as possible in perceived loudness and fiming
of the suflizes, There was a 335 sileat period afler each 1 S-word
definition, and a 425 sient period after each 20-word definition to
allow subjects w complete their transcriptions,

The 60 test definitions were preseated in random order, with the
constraint that there wag an equal representation of the two definition

lengths and throe suffix Homs in both the first and the second block
of 30 test trials. The same randorm order of definitions was used for
cach of the theee test tapes. Each test ape included 10 definitions for
each combination of suflix type and definition length, but the suflixes
were matched to particular definitions differently across the theee
tapes. For instance, if a particular definition was followed by a male
suffix on Tape A, then that same deflinition was followed by a female
sulfix on Tape B and a tone sullix on Tape C. A different group of
subjects received each tape. Thus, across subjects, each seatence was
used an equal number of times for each of the three suffix conditions.

Procedure.  Subjects were told that on each trial they would hear
a dofinition of a relatively rare word. Their task was simply 1o begin
writing down the definition as soon as the first word was presented.
Subjects used a response booklet for their writien recall, with each
trial number indicated in the margin, The three suffixes that occurred
al the ends of the definitions were also describod, and subjects were
instructed 1o ignore these stimuli,

Subjects were told that the sentences varied in fength and that on
some trisls they might not be able to recall all of the words. When
they could not recall some of the words in the definition, they were
instructed to leave blank space on the line 1o indicate the portion of
the sentence they could not recall,

The experiment was conductad in a sound-attenuated room, The
stimuli were played through two speakers facing the subjects. A otal
of 2 w4 subjects participated simultaneously in each session, with
each subject working alone. Subjects were mounitored via an intercom
connected 10 a control station and were instructed to remain silent
during the testing session. They wére given a short break to ask
questions after the last (6th) practice trial and were also given a short
rest period after the 30th test trial,

Results

The primary method of scoring each subject’s data in
Experiment 1 and all subsequent experiments had severa!
important characteristics. First, the scorers were blind to
condition; that is, they did not know which suffix was used
on a given trial. Second, the data were scored according to
the senal position of each word in the stimulus definition.
The subject received a 0 for each incorrect or omitted word
and a [ for a correctly recalled word. This scoring procedure
resulted in an ordered seres of 15 to 20 digits (0 or 1s) for
each trial. Third, extra words tnserted by the subjects did not
affect their scores, provided that the surrounding words in the
response could be clearly identified in the stimulus definition,
For example, if the phrase a large wooden container for bread
was transcribed as g large wooden comtainer of very high
quality for the storage of bread, no credit would be lost for
the words a large wooden container or for the word bread.
Fourth, subjects were given credit for a content word in a
definition (i.e., a noun, verb, adjective, or adverb) whenever
the root word was reported correctly, For example, if the
stimulus word was skire, the subject received credit for skirs
but not {or dress. Fifth, subjects received credit for function
words (defined here as articles, prepositions, and conjunc-
tions) only if the function word was written correctly and
placed before or afler an appropriate content word from the
definition. For example, in a definition that began The part
of @ jacker which is made . . . a subject would receive credit
for the word of il the sabject wrate Parts of jackels or A part
of a new coat . . ., but not if the subject wrote Jackets of
wihich part . .. because in the last rendition, of neither follows
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the correot content word { part) nor precedes the correct
content word {jacket).

Two of the present authors (DB and NC) each scored hall
of the data. The two scorers used pilot data to ensure that
they were using the same coding method. Analyses of the data
with scorer as a factor indicated that this factor did not
produce any significant main effects nor interactions with any
of the variabies of interest. Finally, it should be cmphasized
that any error in scoring should equally affect all conditions
because, as noted, each definition ocourred in each suffix
condition, and the scorers were blind to condition,

The mean percent correct as a function of serial position
and suffix condition for the 15-word definitions is displayed
in Figure 1. There are two major points to note in Figure L.
First, recall accuracy produced the well-documented U-shaped
serial positions curve. Second, there was a difference between
suffix conditions in the expected direction primarily at the
last four serial positions, For these serial positions, the tone-
control condition produced the highest accuracy, followed by
the different-voice condition, which, in turn, produced higher
accuracy than the same-voice condition.

These observations were supporied by a 3 (suffix type)
X 15 (serial position) within-subjects analysis of variance
(anOvA). This analysis vielded main effects of suflix type,
F(2, 46) = 6.10, MS, = 0.0331, and serial position F{14,322)
= 49,90, MS, = 0.0148, along with a significant Suffix Type
w Serial Position interaction, F{18,644) = 2,14, Ms, = .0109,
(Unless otherwise specified, all significant effects are at jeast
at the 415 level) Post hoe comparisons at each serial position
vielded significant main effects of suffix condition only at
Serial Positions 12, 13, 14, and 15, In pairwise comparisons
of the suffix conditions at these four final serial positions, the
tone-control and same-voice conditions differed at all four
positions. The tone-control and different-voice conditions
significantly differed at Serial Positions 13 and {4, whereas
the sarne- and different-voice conditions significantly differed
at Serial Positions 12 and 15,

Figure 2 displays the mean percent correct for the 20-word
definitions as a function of suffix type and serial position.
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Figure 1. Mean percent correct immediate recall as a function of
suflix type and serial position for the [ 5-word definitions.
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Figure 2. Mean percent corvect immediate recall as s function of
suffix type and serial position for the 20-word definitions.

The recall accuracy again conformed to the expected U-shaped
serial position function. More important, suffix condition
influenced performance primarily at Serial Positions 16-20,

An anova on the 20-word definitions vielded main effects
of suffix type, F(2, 46) = 6.71, M5, = 00321, and serial
position, F{19, 437) = 78.70, M5, = 00237, along with 2
significant interaction between suffix type and serial position,
FU38, 874) = 1.56, MS, = 0.0165. Post hoc comparisons at
each serial position indicated that there were significant main
effects of suffix type at Serial Positions 16-20, As shown in
Figure 2, the main effect of suffix type across Serial Positions
16-20 is primarily due to the differences between the same-
voice and tone-control conditions, However, it is noteworthy
that the different-voics condition is significantly different
from both the same-voice and the tone-control conditions at
Serial Positions 19 and 20, with the different-voice condition
being intermediate between the same-voice and the tone-
control conditions,

Discussion

There are 2 number of noteworthy aspects of the data from
Experiment 1. First, it appears that one can produce a suffix
effect with linguistically structured information that is pro-
duced with 2 natural rhythm and intonation pattern. Thus, it
appears that at least in writing down definitions of low-
frequency words, redundant speech information (L., the
suffix) can selectively interfere with the recall of the last few
list items. Moreover, there does appear to be some sensitivity
1o the physical characteristics of the suffix. There was more
interference for the same-voice suffix than for the different-
voice suffix, which in turn produced more interference than
the tone-control condition. As noted, this sensitivity to the
voice of a speech suffix has been viewed as support for the
acoustic specificity of the storage mechanism with which the
suffix interferes (e.g., Crowder, 1976).

One might ask whether subjects were actually using the
linguistic constraints available in the definitions, 1t is possible
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that the suflix offects were obtained only because, in this test
situation, subjects treated the definitions as lists of unrelated
words, Il this were the case, then the present results would
provide no new information concerning suffix interference
for linguistically structured materials and would have no
relevance to the models of language processing described
earlier. However, in scoring the data, it was clear that subjocts
were attempting 1o recall the data in hinguistically structured
units, that is, a5 sentences or phrases, Subjects rarely produced
syntactically unrelated sequences of words, In fact, only 8
protocols of thetotal 1,440 produced strings could be classi-
fied as unrelated sequences of words. In addition, the notion
that subjects were using linguistic structure 1o supplement
their recall of the definitions is further supported by the
relatively high recall performance. Recall ACCUTACY ACTOSS
serial positions was 82% correct for the 15-word definitions
and 6%% correct for the 20-word definitions.'

A sccond intriguing aspect of the data from Experiment |
was that there appeared 1o be a farger terminal suffix effect
for the 20-word definitions compared with the | Seword defi-
nitions. In fact, an. ANOvA on only the last serial position for
the 15- and 20-word definitions vielded a significant Suffix x
Definition Length interaction, F(2, 46) = 508, MS, = 82,52,
indicating that the suffix effect was larger for the 20-word
definitions than for the ! S-word definitions. Furthermore, as
noted in the Resudes section, for the 15-word definitions the
difference between the tone-control and the different-voice
conditions did not reach significance at the last serial position,
whereas for the 20-word definitions this difference was highly
significant. Thus, it does appear that there was a larger impact
of the suffix for the 20-word definitions compared with the
15-word definitions.

Obviously, increasing definition length would place 2
greater load on the subject’s memory system, Possibly, when
there is a greater load, there may be an increased reliance on
asurface-level trace to supplement other storage mechanisms.
This could ocour because mermory for speech sounds (in the
form of echoic, phonetic, or articulatory memory) is more
helpful when the processing system becomes overlioaded and
lags behind the linguistic analyses of the incoming speech. If
0, then when the 20-word definitions were presented, subjects
would have been more likely to rely on a surface-devel repre-
sentation than when the 15-word definitions were presented.
This would account for the greater potency of the speech
suffix for the 20-word definitions.

Experiment 2

Experiment 2 was conducted as a replication and extension
of Experiment 1. There were two major differences in the
procedures. First, the tapes were constructed in a different

fashion. In Experiment I, the tapes were recorded naturally,

without precisely controlling the, delay interval between the
definitions and suffix or the intonation patteros of the defi-
nitions across the three suffix conditions. In Experiment 2,
this-precise control was attained through computer dipitiza-
tion of the stimuli. Second; whereas subjects transcribed the
definitions as-they were presented in Experiment 1, in Exper-
iment 2 they did not begin their written recall until the suffix

was prosented. 1t s possible that with the delayed-recall pro-
cedure, subjects might be more likely to integrate the linguistic
information across the seatence, making the procedure more
akin 1o natural speech processing. Theoretically, this could
decrease the reliance on a surface-devel representation and
therefore decrease the influence of the stimulus suffix,

Method

Subjects.  Twemy-four undergraduates from the Umniversity of
Bouth Carolina participated in this experivnent for partial fulliliment
of & course requirement,

Materials. To constract the tapes for this sxperiment, the defi.
nitions were {irst recorded in & male voice, always with the nonword
sullix (snoke) appended 1o the end of each definition in the same
voice. These sentences and suflfizes were then digitized and stored
separately in a Godbout microcomputer by using the CPM/R6 aper-
ating system and an 1JO Technology, snalogto-digital converter
connected 0 a 24 db/Octave lownass filter set at 5000 b (o eliminate
sampling noise). This procedure vielded sume-voios suffixes that
always were spectrally matched (o the corresponding sentenoes fwhich
naturally varied in pitch somewhat from trial w triaf). An equal
number of tokens of the sulfix spoker in a female voice also W
recorded and digitived, as was the S00-hz, 500-ms tone,

The tapes for use in the experiment were construcied via digital-
to-analog conversion, with the analog signal channeled through the
lowpass filter. The definitions and suflixes were recorded on these
Lapes in the same arrangements as in the st experiment, However,
in this experiment, unlike Experiment i, the recording method per-
mitted the silent period betwesn the definition and suffixes to be set
at precisely 500 me.

Procedure. The procedure used in Experiment 7 was precisely
the same as in Experiment | except that subjects were instructed 1o
begin their written recall only after they heard sither the nonword
snoke or the tone.

Results

Figure 3 displays the mean percent correct for the 15-word
definitions as a function of serial position and suffix condi-
tion, There are two points (o note in Figure 3. First, there is
again the U-shaped serial position function found in Experi-
ment 1, Second, valike Experiment 1, there appears to be a
relatively small impact of suffix condition, This effect ap-
peares 10 be restricted to the same-voice condition versus
tone-control condition across the last few serial positions.

An ANOVA on the |5-word definitions yielded a significant
main effect of serial position, F{14, 322% = 3422, MS. =
0.0209. The main effect of suffix type, F2, 46 = 1.34, MS,
=-1.34, ME, = 0.061, and the interaction between suffix type
and senial position, F{28, 644) = (.96, MS, = 00182, did not
reach significance. However, it should be noted that a separate
analysis on Serial Positions 1315 yielded a significant main

P Of eourse, one reason that recall is velatively high in Expeniment
Lis that subjects began recalling the Tist as so0n as the first word was
presented. However, this was aot the only factor that producesd the
refatively high recall performance in Experitaent 1. As shown in
Experiment 2, when recall s defayed wotil the suffix or tone i
presented, performance levels are still fairly high, that is, 70% for the
5-word definitions and 55% for the 20-word definitions.




AUDITOR Y MEMORY FOR PHRASES AND SENTEMCES 451

15 Word Definitions
Delayed Recall

00
G e
%]
i
(47"
T B0
e
e
£
L 70
s YV love
HF
& 604 © Dilferes Voice
& * Bume Voice
50 T T
O e 4

Serwl Position

Figure 3. Mean percent correet delayved recall as function of suffix
type and serial position for the ESeword definitions.

effect of suffix type {7 < 03). As shown in Figure 3, this is
dueto the difference in performance between the same-voice
condition and the tone-control condition; the differentovoice
condition did not significantly differ from the remaining two
conditions,

The mean percent correct recall for the 20-.word definitions
as a function of suffix type.and serial position is displayed in
Figure 4. There are four points to note here, First, one again
finds the Ushaped serigl position function. Second, there is
relatively little difference between the same-voice and the
different-voice conditions, Third, the advantage of the tone.
control condition, compared with both of the voice-suffix
conditions, occurs for the jast half of the list, Fourth, there i3
a quite’large (17%) advantage of the tone-control condition
over the same-voice conditions at the last serial position.

An ANOVA on the 20-word definitions vielded g significant
main effect of suffix type, F12, 46) = 9,59, MS = 00422, and
serial position, 19, 437 = 50.54, MS, = 0.0251. The
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Figure 4, Mexn percent correct delayed recall as a function of suffix
type and serial position for the 20-word definitions,

o

leaction between these two variables id nog approach
significance, F(38, 874) = 0.64, M8, == 00230, A post hoe
companson indicated that there was a highly significang suffix
effect across the last 10 senal positions (p « 01y, whereas,
for the first 10 serial positions, this effect did not reach
significance. As shown in Figure 4, the impact of suffix type
is completely due to the difference between the tone-control
and the two voiced-suffix conditions. In fact, the SAMC-voice
condition overall differed by less than 1% from the different.
woice condition,

As in Experiment I, there appears 1o be larger impact of
the suffix at the last serial position for the 20-ward definitions
compared with the 1 5-word definitions, This was again con-
firmed by a separate ANOVA on the last serial. psition that
yielded a significant Suffix Type X Definition Length inter
action, M2, 46) = 4.23, MS. = 109.4. As in Experiment 1,
the two voiced suffixes had more of a dissuptive influence an
the recall of the 20-word definitions than in the recall of the
Lseword definitions, .

Discussion

The results of Experiment 7 both extend and constrain the
interpretation of the results from Experiment 1. First, o sip-
nificant suffix effect was again obtained with linguistically
coherent materiale, Thus, one cannot totally attribute the
pattern of data dbtained in Experiment 1 to the recall Proce.
dure used or 1o the particular method of constructing . the
stimulus tapes, Also, as in Experiment I, the effect was larger
for the 20.word definitions than for the D3 vword definitions.
Thus, the hypothesis that the suffix produces greater disrup-
tion when there is greater load placed og the memaory system
wias verified in this study.,

However, the results of Experiement 2 did not yield.any
evidence of the voloe-specific impact of the suffix that was
obtained in Experiment 1. The suffix effect in Experiment 2
was primarily due to the difference between the tone-control
condition and the two voiced-suffix condifions, One obvious
difference across Experiments L and 2 was the nature of the
stimulus tape construction. It appears that when the charac.
teristics of the stimulus materials are better controlled,as in
Experiment 2, there is little impact of same. versus different-
voice suffixes. In fact, it is possible that by controlling these
dimensions {i.e., duration and amplitude), one sufficiently
reduces the differences across same- and differentvoice suf
fixes 10 eliminate the-effect, Hence, in our atternpt 10 intro-
duce strict control.over the characteristics of the suffix Herns,
we may have eliminated some of the differences that typically
OCCUr BOTOSS same- and different-voices sulfixes that produce
the voice-specific imnpact of the suffix,

Asecond and more intriguing reason why imExperiment 2
there was an elimination of the voicssspecific mpact of the
suffix found'in Experiment 1 is the difference in recall pro-
cedure. In Experiment 2,4 delayed-recall procedure was used,

whereas in Experiment.d an immediate-recall procedure was

used. Possibly, a delayed-recall procedure is more akin (o
natural languape processing. That is, in the immediate rm’ii}
procedure used in Experiment 1, there may have been insufle
ficient time for the subjects to fully comprehend the sentences
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during transcription, whereas in the more normal {delayed)
recall procedure of Experiment 2, the subjects should have
had the complete syniactic/semantic information available
for comprehension before recall began. Thus, there may have
been less reliance on surface-level representations in the de-
faved-recall procedure, and as predicted, there was a smaller
suffix effect.

The results of Experiments | and 2 indicate that one can
produce suffix effects with linguistic matenials such as natu-
rally read definitions of low-frequency words. Of course,
definitions of low-frequency words could still be viewed as
linguistically impoverished, given that they involve a large
proportion of adjectives and nouns that cannot be predicted
from the linguistic context. The effects of speech suffixes on
the recall of these definitions thus may have emerged only
because of the low level of linguistic predictability in these
stimuli, much as in more typical list-learning experiments.
Hence, the extension 1o more natural language processing
may still be quite limited in the first two experiments,

Experiment 3

In Experiments 3 and 4, an attempt was made to obtain a
suffix effect with sentential materials that have relatively
greater Hnguistic constraint. In this experiment, the materials
were consecutive sentences adapted from a short story for
primary-grade-level readers, Unlike the dictionary materials
used in the first two experiments, each sentence placed general
contextual constraints on the sentences that followed. More-
over, both vocabulary and sentence structures were relatively
simple.

In the results of the first two experiments, the suffix effects
were larger for the longer definitions. Therefore, in order to
maximize the likelihood of obtaining a suffix effect, the
sentences used in Experiments 3 and 4 (24 words in length)
were slightly longer than those of Expeniments | and 2 (15
and 20 words in length). The important question of interest
is whether making the materials more linguistically coberent
will averride the disruptive impact of the voiced suffixes.

In order to make comparisons with Experiments 1 and 2,
Experiment 3 involved immediate recall, similar to Experi-
ment 1, and Experiment 4 involved delayed recall, similar to
Experiment 2.

Method

Rubjects.  Twenty-four undergraduates at the University of Mas-
sachusetts at Amberst participated in this experiment as partial fule
filiment of & course requirement,

Materials, The stimulus materials were based on a short story
written for primary-grade readars, A wotal of 45 sentences were used,
There were 36 target sentences and 9 filler sentences, The target
sentences all contained 24 words, and the Gllers contained from 15
to 27 words, The filler sentences were included 1o produce some
variation in sentence length. In addition six practice sentences were
constructed that were unrelated 1o the study, The practice sentences
ranged in length between 20 and 24 words,

Fach sentence was counterbalanced across the three suffis condi-
tions {(ie., same voice, different voice, and twone), thereby again

O BALOTA, N, COWARN, AND R ENGLE

pencrating three separate tapes. The threo tapes were construcied 1o
the same fashion as in Expenimont 2. There was a 45-5 blank pause
at the end of cach senience 10 allow tme for recall,

Procedure,  Subjects were first given the six practics sentences 10
acquaint them with the recall procedure, They were instructed to
begin writing each senience as soon as it began and to use the suffix
fem simply to mark the end of the sentence. After the practice
sentences were presented, subjects were wold that they would receive
a series of sentences that formed 3 story, They were told 1o begin
writing each sentence as soon as it began, Subjects were also told that
they should try to comprehend the overall content of the story because
at the end of the experiment they would be asked questions abouwt
the story. In all other ways the procedure of this experiment was the
same as that used in Experiment 1.

Results

serial position and suffix condition. There are two points to
note in Figure 5. First, one again finds the Ushaped serial
position curve, with recall performance relatively high for 24
word lists. The relatively high overall recall suggests that
subjects were attending to the sentence structure, that is, not
treating the sentences as lists of unrelated words. Second, and
more important, there 15 only a small influence of the suffix
condition, which appears to be largest at the last two serial
positions.

The anova vielded & main effect of sertal position, F{23,
524y == 86,95, ALS, = 0,0128. Neither the main effect of suffix
type, F(2, 46} = 289, MS, = 00462, p < .10, nor the
interaction between suffix type and serial position, 46,
1058) = 0.91, M5, = 0.0120, reached significance.

A post hoo analysis on the last two serial positions did not
vield a significant influence of suflix condition, F(2, 46) =
3.01, MS, = 00184, However, it should be noted that a post
hoe comparison of only the same-voice versus the tone-
control condition at the last two serial positions did reach
significance (p < .05). The different-voice condition did not
significantly differ from cither the same-voice condition or
the tone-control condition,
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Figure 5. Mean percent correct immediate recall as a function of
suffix type and serial position for the story sentenos.
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Discussion

The results of Experiment 3 indicate that when onge provides
easily corprehensible lnguistic stimuli that are composed of
 simple vocabulary and that include considerable contextual
constraints both within a sentence and across sentences, there
is only a small impact of suffix condition. Taken together,
Experiments 1-3 suggest that the nature of the linguistic
material modulates the appearance of a suffix effect and is
more critical than sentence length, That is, Experiment 3 did
not yield a significant main effect of suffix condition with
sentences fengths of 24 words, whereas Experiments 1 and 2
did yield significant suffix effects with definition lengths of 13
and 20 words, with the effects being larger for the 20-word
definitions.

Before further discussing the imphcations of Experiment 3,
# fourth experiment will be presented which involves a de-
layed-recall procedure similar 1o Experiment 2. As noted
earlier, the delayed-recall procedure should produce a greater
reliance on higher level linguistic information.

Experiment 4

Method

Subjects.  Twenty-four undergraduates at the University of Ken-
tucky participated as partial fulfillment of & course requirement.

Materigls and procedure. The same materials and procedures used
in Experiment 3 were used in this expesiment. The only exoeption
was that subjects were instrucied 1o begin their recall when they heard
the nonword snoke or e,

Results

Figure & displays the mean percent corredt recall as a
function of serial position and suffix condition. Again, one
can see the U-shaped serial position effect. More important,
the tone control condition produces a slight advantage over
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Figure 6. Mean percent delayed recall as 2 function of suffix type
and serial position for the story sentences.

the same-voice and different-voice conditions that appears o
extend across most serial positions, In addition, there is linde,
if any, consistent differonce between the same- and different-
voiee conditions.

The anNOvA vielded a main effect of suflix type, F(Z, 46) =
4.50, MS, = 0.0413, and serial position, F{23, 529) = 39,08,
MS, = 00147, However, the interaction between suffix
type and serial position did not approach significance, Fl46,
1058) = 0.75, MS, = 0.0140, An ANOVA on the last two serial
positions did not yield a significant main effect of sulfix
condition, F(2, 46 = 1,72, MS, = 00237, however, an aN0Ova
on the last six serial positions did yield a significant main
effect of suffix type, F(2, 46) = 396, MS, = 0.0240. The
influence of the suffix was again entirely due to the difference
between the two voiced-suflix conditions and the fone-control
condition. In fact, the samevoiced condition differed from
the different-voice condition by less than 1%.

Discussion

The results of Experiment 4 are quite consistent with those
obtained in Experiment 3. With materials that include a high
degree of cross-senience linguistic constraint, there was only
a small influence of suffix condition. In fact, a post boc
comparison at the last serial position did not vield a significant
main effect of suffix condition in either Experiment 3 or
Experiment 4. In additon, there was no evidence of a differ-
ence between the same-voice and different-voice suffix con-
ditions in either experiment, :

Thus, it appears that the high degree of constraint imposed
by the story structure in Experiments 3 and 4 in large parct
eliminated the suffix effect that had been obtained with the
definitions in Experiments 1 and 2. This can be secn most
clearly in Table 1, where the mean percent cormect and mean
suffix effects are displayed as a function of list materials
{definitions vs. sentences from a story) and suffix condition
for the last serial position. As shown in Table I, there is a
considerable reduction in the suffix effects for the story son-
1ences as compared with the definitions. In support of this
observation, an ANOVA on the last serial position for Experi-

“ments 1 and 2 (collapsed across the length factor) versus the

tast serial position of Experiments 3 and 4 yielded a significant
interaction between stimulus materials (ie., definitions vs.
story sentences) and suffix type, F(2, 184) == 3,14, M8, =
1188,

Table 1

Mean Percent Correct Recall and Suffix Effect at the Last
Serial Position as a Function of List Mazerials ‘
and Suffix Type

Suffix type Suflin effect

T DV SV T-S§V DV-SV_

Drefinitions (Exp. { and 2) 894 R1.E 767 ﬁ%f! ‘H
Story sentences {Exp. 3 and 4) 9.6 8685 875 5.1 ww{)iaw”
Note. T refers to the tone-control condition; DV pefers to the different-

voice condition: and SV refers 1o the same-voice condition, Exp. =
experiments.

List materials
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General Discussion

The results of the present experiments are guite clear, First,
the results from Experiments | and 2 vielded signficant suffix
effects for definitions that were spoken with natural rhythm
;and intonation patterns under two different recall procedures.

Second, alithough the results of Experiment 1 vielded guite
large effects of suffix condition, the results of Experiment 2
produced a relatively smaller overall effect of suffix condition
and eliminated the difference between same-voice suffixes
-and different-voice suffixes. The decreased impact of suffix
condition in Experiment 2 is atiributed to better control of
the acoustic characteristics of the suffixes and/or a recall
procedure that emphasized more integration across the words
within the definitions, Third, the results from Experiments 3
and 4 indicated that cross-sentence linguistic constraint, more
typical of a natural language processing situation, further
reduced the impact of the suffix.

The present results are important for two reasons. First, the
results indicate that one can produce suffix-type effects with
linguistically coherent materials. Thus, the suffix effect is not
totally restricted to lists of digits, letters, or unrelated words
that are presented with 2 redundant presentation rate and in
amonotonic fashion, We fec! that this is important because,
as noted earlier, researchers have speculated that a memory
story similar to that influenced by the stimulus suffix also
plays a role in ordinary language processing situations (e.g.,
Crowder, 1976). To our knowledge, the present study is the
first empirical extension of the suffix paradigm to more
linguistically constrained materials.?

Second, and more important, the results indicate that as
one increases the similarity of the to-be-remembered materials
to natural discourse, the suffix effect is greatly reduced. Sup-
port for this second observation can be found by comparing

the present study with previous.studies of the suffix effect and
by comparing the experiments within the present study. For
example, the suffix effects produced in the present study are
quite small compared with studies with less lnguistically
constrained materials, Specifically, if one considers the differ-
< enge in percent correct between the same-voice condition and
the tone-control condition at the last serial position, the effect
is only 13% in Experiments | and 2. This effect was reduced
to only 5% with the more linguistically coherent materials in
Experiments 3.and 4, Suffix effects with less constrained
materials are very robust, on the order of 30% or greater {(e.g.,
Ayers, Naveh-Benjamin, & Jonides, 1986; Balota & Engle,
“1981; Morton et al, 1971). Moreover, when the physical
characteristics of the same-voice and different-voice suffixes
were carefully controlled in Experiments 2, 3, and 4, there
was no impact of voice similarity. In contrast, voice similarity
has also been shown to produce quite robust effects (approx-
imately 15%) with more impoverished materials {e.g., Balota
& Duchek, 1986; Morton et al., 1971; Watkins & Watkins,
1980). Thus, it appears that both across different studies and
across ‘the. experiments in the present study, the strikingly
robust suffix effect is considerably reduced by increasing the
similarity to a more natural language processing situation.

Two recent studies addressing auditory memory in subjects

that vary in comprehension performance are guite consistent

with the notion that increasing linguistic structure can lead (o
a reduction in the sufllix effect. First, Sipe and Engle (1986)
found larger sulfix effects in poor readers than in good readers,
Second, Greenberg and Roscoe (1988) found that subjects
who performed relatively low on a listening comprehension
formed refatively high on such tests. In fact, Greenbery and
Roscoc argued that individuals with weaker listening compre-
henston may depend more upon vulnerable sensory codes in
auditory memory while those with better comprehension may
rely more on stable higher order codes, that is, Hopuistic
structure. A similar argument may be made for the Sipe and
Engle results, Hence, just as less constrained materials {digits
and unrelated words produced with a redundant presentation
rate and in 2 monotone fashion) produce larger suffix effects,
individuals who are poorer at processing higher level Hinguistic
information {(poor readers and lsteners) also produce larger
suffix effects.

As described in the introduction, current notions in the
language processing Hierature concerning rather rapid integra-
tion of words into higher order linguistic structure are quite
consistent with the finding of a reduced suffix effect with
increasing linguistic structure, That is, if the suffix effect 1s
due to interforence with a surface-level representation as
generally conoeived (e.g., Crowder, 1976), then such a repre-
sentation might not be as crucial in a more natural language
processing situation. In fact, one could argue that even with
the story sentences used in Experiments 3 and 4, the task
demands of verbatim recall of the sentences produced a
situation that has less linguistic constraint than did a more
natural listening situation. Thus, the small suffix effects that
were obtained in Experiments 3 and 4 were, if anyvthing,

- probably overestimating the suffix effect in more natural

listening situations. At this level, the present results are guite
consistent with the notion of rather immediate on-line inte-
gration of words within a higher order linguistic structure,
However, we clearly do not wish to dismiss the possibility
of suffix-type effects in o/l natural language processing situa-
tions. In fact, our original motivation for conducting these
expenments was to determine whether suffix-type effects
might occur when an instructor is giving a lecture. For ex-
ample, consider the situation where an instructor produces a
definition for a new term 1o a class. The student/listener may
be trying 1o transcribe part or all of a given utterance 4 at the
sarne time that the instructor is producing utterance B, which,
counter 1o the instrucior’s intention, may funciion as a stir-
ulus suffix, Clearly, the results of Experiment | indicate that
with materials such as definitions of new terms, one might
expect substantial suffix effects. Here, the listener is not simply
attending to the meaning of the definition, but rather may be
attending to the surface details in order 1o accurately tran-

* Ome might argue that finguistic constraint per se is not the crucial
factor in the present experiments, but rather some other form of
informational constraint in the materdals. Clearly, this is possible,
However, our goal in the present study was w address a particular
type of constraint (Le., linguistic) that plays a role in natural languape
processing. Further studies are needed (o address whether alf types of
constraint would produce the same patiern of data,
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scribe the definittion, the precise type of information that the
suffix may be mast Hkely w interfere wath, Under this rather
common lstening situation, and on the basis of the present
results, one might expect substantial suffix effects.

In addition 1o situations where the listener may be attending
1o surface-level information, there are further situations where
the listener may be forced to recompute the meaning of a
sentence, and hence reaccess surface-level representations. In
fact, the work by Frazier and Rayner (1982) in reading 15
quite consistent with this possibility. As poted earlier, in the
Frazier and Rayner study, subjects received garden-path sen-
tences, that is, sentences that lead 1o a given syntactic analysis
that was later disconfirmed, Frazier and Rayner found that
the first fixation in the disambiguating region in such sen-
tences produced increases in {ixation duration for those sen-
tenees that were inconsistent with preferred parsing strategies.
Moreover, when subjects were forced 1o recompute the syntax
of the sentence, Frazier and Rayner found that subjects were
more likely to make repressive eye-movements 10 earlier
words in the sentence, Such regressive eye-movements might
be viewed as an attempt 1o recapture the surface-level infor-
mation concerning the earlier words in the sentence. Similar
effects might be expected in 2 listening situation. That is, as
long as each word is correctly integrated into a higher order
linguistic structure, there should be tittle breakdown in per-
formance due to a subsequent suffix item. However, if subjects
are lead down the garden path and forced 1o reacoess surface-
tevel information from eardier words in the sentence, then one
might expect quite large suffix effects. We will have to await
future research to determine whether one finds similar effects
in Hstening as in reading.

Finally, we should note a recent study by Jakimik and
Gilenberg (1990}, who have also attempted extend the work
on auditory memory to more natural sentential materials.
Jakimik and Glenberg addressed the modality effect and the
comprehension of anaphor, in which teraporal order is -
portant, for example, when Someone uses an anaphor such a5
“the latter approach.” On the basis of Glenberg and Swanson’s
(1986) temporal distinctiveness theory, these researchers ar-
gued that temporal order is more accurately represented in
the auditory modality than in the visual modality. Hence, the
resolution of terporal anaphor should be better when the
materials are presented auditorily compared with visually.
Consistent with this view, these researchers found that there
was a modality effect in the resolution of temporal anaphors -
{e.g., the latter approach), whereas there was no evidence of a
modality effect for semantically based anaphors (e.g. the
medical approach). We clearly agree with Jakimik and Glen-
berg that an interface between research addressing auditory
memory that has developed within the verbal learning tradi-
tion and work within psycholinguistics may- provide some
important insights into natural language processing.

References

Avers, T, 1., Naveh-Benjamin, M., Jonides, J. {1986). Recognition of
the stimulus suffin. Jowrnal of Memory and Language, 25, 619~
626,

Baddeley, A. [, (1986), Working memaory. Oxford: Clarendon Press.

PHRASES AND SENTEMCES 455

Balota, D. AL, & Duchek, 1. M. (1986} Voice-specific information
and the MW-second delayed suflix effect, Jowrnal of Experimenal
Psvchology: Learning, Memory, and Cognition, 12, 509-516.

Balota, 1. A, & Engle, B, W, (1981}, Suructural and stoategic factors
in the stimutus suffix effect. Journal of Verbal Learning and Verbal
Behavior, 20, 346357,

Caplan, [, (1972). Clause boundaries and recognition latencies for
words in seatences, Perception & Psychophysics, 12, 7376,

Cheng, C. (1974), Different roles of acoustic and articulatory infor-
mation in shortderm memory. Journal of Experimental Fsyohol-
opy, 103, 614618,

Cole, . A., & Jakimik, J, (1980}, A model of speech perception, In
R. A, Cole (B4, Perception and production of fluest speech {pp.
133163} Hillsdale, NJ: Edbaum.

Cowan, M. (1984} On short and long auditory waces. Psywhological
Budletin, 96, 351-370,

Crowder, R. G, {1976). Principles of learning and memory. Hillsdale,
NI Erlbaurm.

Crowder, B. G. (1978). Mechanisms of auditory backward masking
in the stiraulus suffix effect. Powchological Review, 85, 502524,
Crowder, R. (., & Morton, 1. (1969). Precategorical acoustic storage

(PAS). Perception & Psychophysics, 5, 365-373.

Darwin, C. 5., & Baddeley, A. D. (1974}, Acoustic memory and. the
perception of speech. Cognitive Psychology, 6, 4160,

Fillenbaum, 5. (1986). Memory for gist: Some relevant variables.
Language and Speech, 9, 201-227.

Frazier, L., & Rayner, K. (1982). Making and correcting ervors during
sentence comprebension: Eve movements in the analysis of struc-
turally ambiguous semtences. Cognitive Psychology, 14, 178-210.

Glenberg, A, W, & Swanson, N. G. (1986}, A temporal distinctiveness
theory of vecency and modality effects. Journal of Experimental
Psyehology: Learning, Memory, and Cognition, 12, 315,

Greenberg, 5. M., & Engle, R W, (1983). Voice changes in the
stirnulus suffix effect: Are the effects stractural or strategic? Memory
& Cognition, 11, 551-556.

Greenberg, 5. N., & Roscoe, 8. (1988). Echolc memory interferenen
and comprehension in a foreign langusge, Language Learning, 38,
209219,

Gireene, B L., & Crowder, R, G. (1984), Modality and suffix offects
in the absence of auditory stimulation. Jownal of Verbal Leaming
and Verbal Rehavior, 23, 311382,

Jakimik, §., & Glenberg, A. (1990). Verbal learning meets psychilin-
guistics: Modality effects in the comprehension of enaphora. Man-
uscript submitied for publication. '

Jarvella, B. 1. (1971). Syntactic processing of connected speech.
Journal of Verbal Learning and Verbal Behavior, 10, 405416,

Hanson, V. L., & Bellugi, 11, (1982, On the role of sign order and
morphological structure in memory for Aanerican Sign Language
sentences. Journal of Verbal Learming and Verbil Behavior, 21,
621633,

Just, M. A, & Carpenter, PJ A, (1980). A theory of reading From
eye fixations 10 comprehension. Psychological Review, 87, 326~
354,

Kudera, H. 1., & Francis, W. M. (19671 A computational analysis of
present-day American English, Providence, B Brown University
Press.

Marsten-Wilson, W. I (1973). Sentence perception a8 an interactive
paralie! process. Science, 189, 226-228.

Marslen-Wilson, W. D, (1989). Access and integration: Projecting
sound onto meaning. In W. D. Marslen-Wilson (Ed.). Lexical
representation and process {pp. 3~24}, Cambridge, Ma: MIT Press.

Marslen-Wilson, W. D, Tyler, L. K., & Seidenberg, M. (1978}
Sentence processing and the clause boundary. In W. I M. Levelt
&G, B. Flores & Arcais (Eds.), Studies in the perception of languag?
{pp. 219-246). Mew Yeork: Wiley,




456 0 BALOTA,

Massaro, W, {1970}, Perperceptual audiory images, Journal of

werimenial Psyehology, 85, 411417,

Massaro, D W, (1972}, Prepercepiual images, processing tme, and
perceptual units in auditory perception. Psyohological Review, 70,
[24-145

Massaro, [3. W, (1975). Experimental psychology and information
processing. Chicago: Rand bMoMally,

Mebleitl, D, & Repp, B, (1973} Internal processes in speech peroep-
von. Journal of the Acoustical Society of America, 33, 13201326,

Milter, G, AL (19503, The magical number seven, plus or minus two:
Some limits on our capacity for processing information, Psycholog-
ival Review, 6.3, §1-97.

Maorton, 1., Crowder, B G, & Prussin, . A, (1971). Experiments
with the stimulus sulflix effect. Journal of Experimental Psyehology,
91, 169190

Penney, €. G, (1989). Modality effects and the structure of short-
term memory, Memory & Copnition, 17, 398427,

Pisoni, I, B, (1973). Auditory and phonetic memory codes in the
discrimination of consonants and vowels. Perception & Pswho-

MLOCOWARN,

ANDY R.ENGLE

Potter, M. €., & Fadlconcr, B AL {1979), Understanding noun
pluases. Jowrnad of Verbal Learning and Verbal Behavive, 13, 504 -
21

Sachs, 1 D& (1967), Recongition memory for syntactic and seman-
te aspects of connected discourse. Perception & Psychophysics, 2
A3 443,

Sipe, 8., & Engle, R. W, (1966), Echoic memory processes in pood
and poor readers. Jowrnal of Experimental Pswehology: Learning.
Memaory, and Cognition, 12, 402412,

Von Bckardt, B., & Potter, M, C. {1985}, Clauses and the semantic
rq:gmmﬁa&*ﬂwmm M words, Memory & Cognition, 13, 3T1-376.

Watkins, O. C., & Watking, M. J. (1980). Echoic memaory and voice
guality: memy recall i not enhanced by varving presentation
voioe, Memaory & Cognition, 8, 2630,

Received July 5, 1989
Revision received October 16, 1989

physics, 13, 253260, Accepted October 30, 1989

Low Publication Prices for APA Members and Affiliates

Keeping You Up-to-Date: All APA members (Fellows; Members; and Associates, and Student Affiliates)
receive—-as part of their annual dues—subscriptions to the American Psychologist and the APA Monitor,

High School Teacher and Foreign Affiliates receive subscriptions to the APA Monitor and they can subscribe
to the American Psychologist st a significantly reduced rate.

In addition, all members and affiliates are eligible for savings of up to 50% on other APA journals, as well as
significant discounts on subscriptions from cooperating societies and publishers(e.g., the British Peychological
Society, the American Sociologieal Association, and Human Sciences Press),

Esgsential Resources: APA members and affiliates receive special rates for purchases of APA books,
including the Publication Manual of the APA, the Master Lectures, and APA’s Guide to Research Support.

) Other Benefits of Membership: Membership in APA also provides eligibility for low-cost insurance
plans covering life; medical and income protection; hospital indemnity; accident ami travel; Keogh retirement;
office overhead; and student/school, professional, and liability.

For more information, write to American Psychological Association, Membership Services,
1200 Seventeenth Street NW, Washington, DO 20086, USA.




