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A number of experiments are described which use the stimulus suffix effect
{5SE) to determine the properties of the precategorical acoustic store (PAS)
described by R. G. Crowder and ]. Morton in 1969, The SSE is a selective
impairment of recall of the final items in a serial recall list engendered by a
redundant acoustic event following acoustic presentation. First, it is established
that such intrinsic properties of the suffix as its meaning, frequency of oceur-
rence, and emotionality have no bearing on the size of the suffix effect. This
confirms the precategorical nature of the store. Second, it is shown that varia-
tion in the acoustic properties of the suffix (such as its apparent spatial loca-
tion, timbre, and pitch) with respect to the stimuli reduces the size of the SSE.
Variations on this theme indicate that PAS is located after a mechanism of
selection between acoustic channels and before the convergence of acoustic

and visual analysis systems.

Two of us proposed in an eariier article
{Crowder & Morton, 1969} that informa-
tion concerning the last few items in
acoustically presented immediate-memory
lists is held in a Precategorical Acoustic
Storage (PAS) system. This store is
regarded as being a property of that part
of the nervous system responsible for the
analysis of acoustic inputs. The most
obvious consequence of the PAS mechanism
is the advantage observed in recall follow-
ing auditory as opposed to visual presenta-
tion, an advantage specific to the last few
serial positions. Conrad and Hull (1968)
and Routh {1970} showed that if S vocalizes
rehearsal of visually presented series, the
typical ‘‘acoustic” result is obtained, while
Murray (1965) has shown that such
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vocalization effects are removed if § re-
ceived white noise sufficient to mask the
sound of his own voice. Thus it seems ap-
parent that genuinely acoustic informa-
tion is implicated in the auditory—visual
comparison.

In the earlier article, we demonstrated
how the effects of a stimulus suffix (Crow-
der, 1967; Morton, 1968} could be inter-
preted by reference to PAS. The stimulus
sufix (hereafter simply “suffix’”) is an
extra Jotution pronounced after the ter-
minal element of the to-be-remembered
series; its effect is a sharp impairment of
the last item or two. Essentially, the suffix
effect removes the advantage of auditory
over visual presentation. This is both a
fair empirical generalization and in addition
is the thecretical interpretation advanced
by Crowder and Morton (1969). The pro-
posed mechanism for the suthx effect is that
the suffix overwrites information in PAS
hefore such information can be used (or in
some way ''protected’) by S. It should be
noted that the effect of a suffix does not
qualitatively resemble the effect of a re-
sponge prefix (Conrad, 1958, 1960; Crow-
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der, 1967}. The prefix impairs serial recall
at all serial positions, whereas the suffix
acts selectively on the very last portion
of the function,

The set of questions we arc addressing in
the present article concerns how the suffix
effect is a function of the various acoustic
events onc chooses to employ as a suffix,
After an initial study concerned with the
situational generality of the sutfix effect,
the remainder of the research will be com-
posed of (¢} studies revealing that the
semantic nature of the stimulus suffix makes
no difference to the suffix experiment, ()
studies showing the rather complex de-
pendence of the suffix cffect upon laterality
arrangements used, and (¢) studies ex-
ploring the dependence of the suffix effect
upon “vocal” or acoustic properties of the
suffix event.

THE GENERALITY OF THE SUFFIX EFFLCT
Experiment I

The purpose of this study was to demon-
strate that the sufhix effect is not restricted
to techniques where complete ordered recali
is required. The reasoning was that such
a demonstration would support the con-
tention that the results to follow later in
this study (virtually all based on the
standard ordered-recall method) are of
general relevance to human memory and
not limited by a particular method of
measuring retention. As in many of the
studies to {ollow, the stimuli were lists of
digits read at 2 rate of 2 digits/sec: how-
ever, instead of having to recall the whole
list from beginning to end, .Ss in the present
study were provided with cards showing
the series they had just heard in its entirety
except for a single digit. It was this single
digit, represented by a dash on the test
card, that S was responsible for recalling.
This method constitutes a combination of
position and associative probing. The §
is free to use the item preceding the dash
as his cue or he may identify the missing
item by noting what position it occupies.
In either case, S is released from the great
burden of (¢) recalling the entire series and
(4) recalling order, as well as item,
information,
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Method —Fifty-four Yale undergraduates, tested
individuaily, listened to the same fixed list of 108
nine-digit scries, each spoken at a 2 digit/sec rate
with l-sec. warning period and three trials a minute
presented over a tape recorder. Each § served
in all three conditions, In the Confrol condition as
soon as the list had been presented, .S was shown a
5 X 8 in. card on which eight of the nine stimulus
digits had been typed in a row with a space left for
the ninth (tested) digit and a dush drawn in its place.
The .5 had before him a numbered list of 108 spaces,
in which to write the probed digit for each trial.
In the Prefix condition, cverything was the same
except .5 had to speak the word “zero’’ between hear-
ing the last stimulus digit and receiving the test card
from E. In the Sufix condition, the only change in
procedure from the Control condition was that each
test series as presented had a tenth element, the
word “zero” spoken in the same voice as had origin-
ally recorded the scrics. Six subgroups of nine Ss
each received these three conditions in all possibie
orderings. However, since the same fixed list of
108 nine-digit stimuli was used for all Ss, conditions
and stimuli were completely balanced against prac-
ticé and against individual stimuli.

Results—The results are given in Fig. 1,
which shows error probability as a function
of condition and serial position. The overall
cffect of conditions was highly significant,
F(2,106) = 20.03, # < .01, coming chiefiy
from the superiority of the Control condi-
tion to the two other conditions. The critical
outcome was, however, that while the
Suffix and Prefix conditions were generally
indistinguishable, in the last serial position
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F16. 1. The relation between error probability and
serial position in Exp. | using a complete probe
technique where, after presentation of the stimulus,
S is presented with a respouse shect complete save
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the Suffix condition revealed over twice
as many errors as the Prefix condition.
Analysis of the ninth serial position showed
that the Prefix condition did not differ
from the Control condition but that the
Suffix condition did (p = .002 by sign
test) and that [urthermore the difference
between the Suffix and TPrefix conditions
was highly significant (p < .006). Else-
where, there were no significant differences
between the two experimental conditions
except for a marginal difference at Serial
Position 6 {p = .049 by sign test) showing
more errors in the Prefix condition. We
shall assume this latter difference was a
chance occurrence.

Discussion~~Exp. [ shows simply that the
suffix effect, i.e., the selective impairment of
recall at terminal serial positions, is readily
demonstrable in experimental arrangements
other than those involving serial recall.
Whether order information is or is not neces-
sary for performance of this probe task is a
fuestion beyond the scope of this paper and
beyond the grasp of modern theorics in any
case. However, it seems to us fair to observe
that this task does greatly minimize whatever
error tendencies lead, tn serial recall, to inver-
sions and other order errors. At the very
least, the requirements of the present technique
and of the standard immediate recall task are
substantially different, notably with regard to
what .5 must retain about serial order; occur-
rence of the suffix effect under both circum-
stances gives some measure of confidence that
the phenomenon is not narrowly task specific.

In addition to the standard serial recall task,
the suffix effect has been demonstrated with
running memory span (Crowder & Morton,
1969) and with compleie probing (see Exp. I,
above). Still further documentation of the task
nonspecificity of the sufix eflect is, of course,
much to be desired. However, our approach
in the remainder,of the present paper has been
just the opposite. We have largely kept the
task the same but have brought about very
significant variations in the nature of the
memory materials and in the way they have
been delivered to our Ss.

EXPERIMENTS CONFIRMING TuHaT PAS IS
PRESEMANTIC AND PRECATEGORICAL

In earlier experiments, a suffix effect has
been found with the digit “zero” following

a list of digits (Crowder, 1967: Dallett,
1965) and with an unpredictable digit
following a list of letters (Morton, 1968).
It is important to know whether there are
any semantic effects associated with the
suffix phenomenon. Since the underlying
model (Crowder & Morton, 1969 ; Morton,
1969, 1970) specifies that PAS is located
well before extraction of meaning, we must
predict that there will be no variations in
the size of the suffix effect owing to the
meaning of the suffix location. The next
several experiments confirm this null pre-
diction in a variety of situations.

Experiment 1T

Method—The Ss were 48 volunteers from the
Applied Psychology Unit § pancl all housewives
aged from 25-45. They served in six groups of 8
S5 each in accordance with a 6 X 6 Latin-square ar-
rangement of the following six conditions: () Contral
(C): no suffix; (8) Binaural Sufix (B): the suffix
(the word “‘nought) was at the same apparent loud-
ness and location as the stimulus lists; (¢) Monaural
Suffix (M): for half of the Ss the suffix (*nought')
was presented to the left ear and for half to the right
ear. The intensity of the suffix was the same as that
presented to each ear in Cond. 2; (d) *Recall” Suffix
(R): identical to Cond. 2 except the word “recall”
was used rather than “nought'; (¢} Random Words
(W): suffixes were randomly selcctcd AA words (rom
the Thorndike-Lorge tables, a new word being used
on each trial; (f) Prefix {P): identical to Cond. 1 ex-
cept 5 was required to write the digit 0 between
hearing the stimulus list and recalling it. A space
was provided for this prefix on each line of the
answer sheet.

The stimuli were lists of eight digits, binaurally
presented.  There were 20 lists presented in each
block, (i.e., for each of the six conditions) of which
the first two were discarded as practice. In addition,
Ss started with a complete practice block in which
all the suffix conditions were illustrated. The Ss
were informed before each block of trials which con-
dition would follow. Stimuli were recorded on mag-
netic tape at a rate of 2 digits/sec and played via a
Vortexion tape recorder through S. G. Brown

3C/110041 headphones All suffixes occurred % sec.

after the final item in a test series (i.e., 500 mszec.
following the start of the final item),

The stimulus lists' were arranged so that no digit
was repeated in any list and no digit oceurred in suc-
cessive lists in the same serial position. The digit
lists in any condition were arranged so that each
digit occurred an equal number of times at each
serial position. These precautions ensured that no
artifactual influecnces would contaminate the data.

Recall was written on response sheets with the
proper number of spaces. Instructions warned
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against starting recall before the list had been com-
pletely presented. There were also stipulations
calling for ordered recall and for leaving no blanks
{i.c., *'Guess when uncertain’).

In this and several subsequent studies, since the
population of Ss was extremely heterogeneous with
regard to memory ability, somne method of screening
was necessary. Where possible, this was done in ad-
vance. On other occasions, Ss were excluded who
cither scored the maximum possible number of cr-
rors at any one serial position in any condition or
who made no errors at all in any one condition:
Also, any .5 discovered not to be following instruc-
tions (writing down the digits at presentation, re-
calling in other than serial order, ete.) was eliminated
from the study. Groups were then adjusted by ran-
dom discarding of Ss from the study so0 as to bulance
the control over order of presentation.

Results—The data from all groups were
pooled and the errors at cach serial posi-
tion expressed as the proportion of the
number of lists used. Conditions were com-
pared by performing Wilcoxon tests on
the pooled data for all serial positions. Only
and all of those differences which are sig-
nificant at better than 29, (two-tailed) are
reported.

One might expect that the Binaural
“Nought" condition would have a greater
effect than either “Recall” or the Random
Words conditions, since it belongs to the
same set (digits) as the stimuli. In addition,
it might be predicted that the Random
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Fia, 2. Error probability in serial recall in Exp.
1l (The Bingural *'0"” Suffix curve is the average
of three conditions indistinguishable in the data.
The stimuli were prescoted binaurally, hence the
greater cffect of the Binaural Suffix. The difference
between suffix and prefix is clear. The prefix and
recall were written. }
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Words condition would have a greater
effect than the “Recall” condition since
the latter was completely predictable.
Neither of these suppositions are sup-
ported by the data, there being no sig-
nificant differences between these three
conditions at any serial position except W
and B at Position 5. This isoiated difference
was attributed to chance. Accordingly,
these three conditions are pooled in Fig. 2.
All three of these conditions were worsc
than the Control condition except at
Positions 1 (B, W, and R), 2 (R and W),
and 5 (B and R). The impairment was
greater at Position 8 than at other serial
positions and greater at Position 7 than
all others except the last. In this respect
the Suffix differs from the Prefix, which was
worse than the Control condition at Posi-
tions 3, 4, 6, and 7, but is indistinguishable
from it at Position 8. These results confirm
carlier results (Crowder, 1967),

The Monaural Suffix differs from the
Control condition at Positions 2, 3, 6, 7,
and 8, It was not different from the other
suffix conditions except at Position 8. The
effects of the monaural suffix will be dis-
cussed in detail in later sections of this
article.

The important result for the moment is
that given both stimuli and suffix are
binaurally presented, the cffect of the
suffix is determined neither by its meaning
ner its predictability. The next several
studies are directed toward the same point
from slightly different angles. We consider
it important to furnish considerable re-
dundancy with respect to this result since
a null-hypothesis outcome is predicted by
the theory.

Lixperiment I1T

In this experiment, the prefix and suffix
conditions were again contrasted ; this time
there was & pair of conditions in which the
redundant element (prefix or suffix) was
the word “zero’ and another pair of condi-
tions in which the redundant element was
the location “uhkh . . ... This latter
event was chosen because it is relatively
“impoverished” in an articulatory sense
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and contrasts sharply with the articulatory
richness of ‘‘zerp.”

Our expectations for these conditions
were that while there ought to be no dif-
ference between using “zero” or ‘uhh . . .
as a suffix, (for reasons cited above), it
might make a difference when these two
were employed as prefixes. Crowder (1969h)
and Crowder and Morton (1969) have
speculated that the prefix effect might re-
sult from articulatory interference. (These
writers have insisted that the prefix effect
is mediated by a different mechanism from
that mediating the suffix effect; the nature
of the former is not critical to arguments
concerning PAS.) If this were the case, then
the degree of similarity between the speech
gestures involved in Ss producing the prefix
element and those involved in retaining or
recalling the memeory stimulus should be
evident in performance. It seems fair, on
_ this basis, to predict that since the sound
“uhh . . ."” involves practically no articula-
tory wvariety, it should lead to a smaller
prehx effect than “zera.”

Method.—FEach of 20 S5 (Yale students serving
for pay) received the same 100 trials, arranged into
hive blocks of 20 lists, in the same order. The five
conditions, Control, “Zero” Prefix, “ Uk Prefix.
HZero” Suffix, and " UR” Suffix, were all presented to
cach 5, although in different orders according to a
pair of Latin squares. Since the digit lists used on
any given trial were the same for all Ss, the Latin-
square arrangement produced complete balance
with regard to individual stimuli, and, since the
squares used were so chosen, with regard to first-
order sequence effects among conditions.

The stimuli were random permutations of the
nine digits {excluding zero). A new trial began
every 20 sec. and consisted of a “‘ready’” announce-
ment, a 1-scc. pause, then the list of ninc digits read
at a 2/sec. rate, and finally a silent recall period.

In the two suffix conditions, the extra element
(“zero” or *uh) was recorded in E’s voice exactly
in time with the 2/sec rate. In the prefix and con-
trol conditions, only the nine-digit series were re-
corded. The Ss were told, before each prefix con-
dition, to ecmit the prefix as rapidly as possible
following stimulus presentation. There seemed to
be no problem in getting reasonably standard sounds
for “uhh . . " from the various Ss; it seemed to
many of them an extraordinarily natural thing to
do as they prepared to initiate recall.  Although re-
call for the menlory scrics was written, on answer
sheets providing the proper number of spaces, prefix
cmission was vocal. The Ss were tested individually
in a small room with playback through a single
loudspeaker.

Results—Each of the five conditions is
plotted separately in Fig. 3. 1t can le seen
in the figure that both types of redundant
element had impressive overall effects on
error rates whichever word was used. As
predicted, more errors were made in the
prefix condition when *“‘zero” was used as
the prefix element than when “uhh . . .”
was used as the prefix element; however,
for all positions combined, this result was
not statistically significant. Wilcoxon tests
showed, in fact, that only at Serial Posi-
tion 6 were errors in the ‘‘Zero” Prefix
condition significantly greater than in the
“Uh™ Prefix condition (p = .022).

There was not overall a statistically
significant difference between the two
suffix conditions, as predicted; however,
unexpectedly there was a consistent tend-
ency for the “Uh” Suffix condition to dis-
play more errors than the “Zero” Suffix
condition in the last few serial positions
{(p = 077 at Position 7, p = .041, at
Position 8, and p = .036 at Position 9).
The experiment was, of course, conducted
against the possibility that the “Uh”
might he the less effective suffix of the two;
to have shown a tendency toward the
contrary is rather an embarrassment. The
best hypothesis at the moment seems to
us that acoustic energy reaches S earlier
chronologically in the “Uh’™ condition

e
-5t ; \‘“\,
> . % \sUK Suffix
[ A \OZero Suffix
v}
: \
Z 3t
Q
&
o gl
-4 .
9’. JF Zero Prefix
< XUR’ Prefix
¥ s Control

I 2 3 45 & 7 89
SERIAL POSITION
F1c. 3. The cffect on error probabilities of two
kinds of stimulus suffix and response prefix as a
function of serial position. (The prefixes were

spoken; recall was written. Data are from Exp.
1I1.)
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than in the “Zero” Suffix condition. This
difference is inherent in the articulation of
the two sounds, '"Uh” reaching full in-
tensity tmmediately and “Zero” not. Crow-
der (1969a) has recently shown that dif-
ferences of 100 or 200 mscc. in delay of
suffix onsct after the terminal item ap-
preciably affect the magnitude of the
sulfix effect. In any case, Exp. 11I clearly
supports the carlier study in failing to find
an enhanced suffix effect when the suffix
comes from the same semantic class as the
memory malterials as opposed to when it
cloes not.

Disregarding the “zero—uh" comparison,
it is of some interest to comparc Fig. 2
and 3, in both of which there is a contrast
among prehx, suffix, and control conditions.
The obvious and important similarities
are that in both studies the prefix and
suffix each affect performance adversely,
the former nonselectively across serial
positions and the latter selectively with
regard to items at the end of the list. The
one notable difference in the two patterns
ol results concerns the comparison of
suffix and prefix serial position functions.
In Exp. 1, these two experimental condi-
tions are identical until Position 5, whereas
in Exp. [11 the suffix effect is considerably
smaller than the prefix effect until Posi-
tion 7 where the situation reverses. In an
overall analysis of variance in which the
two prefix conditions were combined and
also the two suffix conditions combined, this
crossover showed up in a highly significant
Position X Condition interaction, F (8, 152)
=129.73, p < .01. The most likely ex-
planation for this discrepancy seems to us
to be that in Exp. Il a written prefix
was used, whereas in Exp. I1I a spoken
prefix was used. Crowder and Erdman
(1968) have shown that a spoken prefix is
more injurious to recall than a written
prefix. If the prefix curve of Fig. 2 were
simply clevated slightly, the pattern would
be identical to that shown in Fig. 3. Other
important differences exist hetween the
studies, of course, different § populations,
different list lengths, etc. The general
lesson to be learned from comparing these
two studies is not the specifics of procedures

or outcomes. Rather, it is that the pro-
cedural circumstances of this type of study
do make a large difference and that it is
therelore not possible (o generalize ab-
stractly about what effect these operations
have except that the suffix always has a
position-specific effect and the prefix always
has a nonselective eflect. For example,
in Fig. 3 if one shifts the suffix condition
one position to the left it lines up almost
perfectly with the first eight points on the
prefix curve; this coincidence invites the
conjecture that the prefix and sufhix effects
are really the same phenomenon but that
in the prefix condition an extra event is
added at the beginning of the list and
in the suffix condition the extra event is
added to the end of the list. This pro-
position 15 quite opposed to our own the-
oretical position and to those tempted
to make this last interpretation we invite
application of the same procedure to the
data of Fig. 2 (i.e., shifting the suffix con-
dition one position to the left). In this ex-
periment, the shifted functions are a gross
mismaltch.

Further indications from Exp. 1II that
the prefix and suffix operations differ
fundamentally are provided by considera-
tion of the overall error totals in the four
experimental conditions, For every S, a
number was computed representing the
algebraic difference between the “Zero’ and
the “Uh” Prefix conditions and a second
number representing the “Zero” minus the
“Uh” Suffix conditions. Under the null
hypothesis, that variation in the redundant
element affects the prefix and sufhx phe-
nomena similarly, these two difference
scores should be from the same distribution.
However, a Wilcoxon test showed a sig-
nificant interaction, I” = 56.5, p < .038, in-
dicating that contrasting outcomes in the
prefix and sufhx situations were observed
when the redundant element’s identity
was varied.

Lxperiment Tl

In this experiment, the critical condition
was one in which .5 listened to a series of
eight-digit lists with a suffix consisting of
the first digit in the list presented again.
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The mstructions said that this was intended
to help them achieve good recall by en-
suring that they started right. A naive as-
sociative theory might indeed be shown to
predict a simple improvement on this basis.
A slightly more sophisticated theory might
suppose that the impairment would be
"~ worse than with the “nought” suffix since
the digit could be regarded as a member of
the set of stimulus items. Qur prediction
was that in agreement with the nalve as-
sociative theory, there might be some slight
improvement quite early in the list for the
repeated Digit condition as opposed to
the “Nought” condition but that there-
after the two suffix conditions would be
cqually impaired.

Method —The stimuli were eight digit lists which
were presented binaurally, There were three condi-
tions, Control (C), “Nought” Suffix (N}, and Digit
Sufhix (D) (first digit repeated after the elghth), each
receiving two blocks of 18 trials in a session consist-
ing of six such blocks. Three groups of 9 Ss each
were used, with the conditions distributed across the
six blocks as follows: CNDNDC, NDCDCN, and
DCNCND. In other respects, the procedure for
Exp. 1I was identical to that used in Exp. IV.

Results—The data from the three groups
were pooled and the results are shown in
Fig. 4. Wilcoxon tests confirm our pre-
- dictions. The two suffix conditions differ
only at the initial serial position (» < .01),
the effect of the repeated digit being to give
virtually perfect performan(_e There were
smaller differences in favor of Cond. D
at the sixth and eight positions, but these
were only significant at the 5%, level. There
was no difference between the total efrors
made in the two conditions. Thus, the
strategy of remaining within the class of
digits for choosing suffix conditions but
comparing digits which were or were not
part of the vocabulary used on any given
trial, again, vielded the null result, or, if
a 5Y significance level is thought worthy
of further conment, there was marginal
support for a smaller suffix effect fr0m the
within-class suffix.

Lxperiment V

In Exp. IT, “nought’’ was compared with
a variety of other words and: no difference
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Fi1G. 4. The effects of a 0" suffix and a suffix

which was a repeat of the first digit'in the stimulus
list (Exp. IV).

was found between the sizes of the suffix
effects. It might be argued that “nought”
was not properly a member of the digit set
and that - the effect of the block presenta-
tion with the “nought’ always in the final
position would be to further remove it from
the digit set. In addition, it might be argued
that in Exp. IV, repeating the first digit
introduced complications which also in-
validate any comparison on semantic
grounds. In the following experiment, we
anticipated such objections. The stimulus
materials were lists of words from one of
two clearly defined semantic classes (ani-
mals, utensils), and the suffix events were
words: either from the same class or from
the other class as the to-be-remembered
series.

Method.—The stimuli consisted of lists of six
words drawn from one of twe sets of nine: (a)
animals: BULL, COW, DOG, HORSE, LAMB, MOUSE,
PIG, RABBIT, SHEEP: (b) utensils: BOWL, CUP, DISH,
FORK, GLASS, KNIFE, JUG, PLATE, SPOON, The ma-
terials were chésen to be monosyllabic words and so
that no two words in any list began with the same
initial letter. There were four blocks of 20 lists
cach, two of the blocks being made up from the ani-
mal list and the other two blocks from the utensil
list. Within the blocks there were three suffix con-
ditions which were randomized. For one-third of
the lists there was no suffix, for another third of the
lists the suffix was the animal name “cat,” and for
the remainder the suffix was the utensil name

“mug.” The stimulus population was written up for
Ss and they were asked to respond by writing the
initial letter of: the éppropnate word. Thls ‘proce-
dure was welcomed by 5.

It will have; heen| noted that for both stimulus

sets, we have suﬂixes whxch are either semantically




stmilar or semantically dissimilar. There were two
groups of 10 Ss; one heard the animal lists first and
the other heard the utensil lists first. With the excep-
tion that male as well as female Ss were used in this
experiment and also the use of a loudspeaker rather
than headphones, the other procedural details were
identical to those in Exp. [1.

Results—The data are shown in Fig. 5,
pooled so as to reveal the cutcome in terms
of semantic similarity, There were no
diflerences between the two experimental
conditions, both showing the usual suffix
effect.

Experiment VI

The preceding experiments seem to in-
dicate fairly convincingly that the semantic
relationship between the items in the list
and the suffix has no influence on the
suffix eflect. It remains possible, however,
that other properties of the word used as a
suffix could influence the data. Thus, while
we have established that a semantic code
is not involved in the effects which we are
interested in, it is still possible that the
effects are postcategorical, (i.e., the signal
has been uniquely identified), but prior
to any semantic look-up procedure. Now
there are believed to be certain stimulus
properties which influence the categoriza-
tion process (in the sense in which we use
the term). These include the effecis of
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F1G. 5. Data from Exp. V showing the lack of
effect upon errors of varying the semantic relation

between stimulus items and suffix.  (The conditions
were randomly applied to lists.)
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context and the frequency of occurrence of
the stimuli (Broadbent, 1967; Morton,
1964, 1968, 1969} and its emotionality
(Brown, 1961; PBroadbent & Gregory,
1967; Natsoulas, 1963). Thesc properties
influence the recognition threshold of the
stimuli at the stage which we term categori-
zation. In addition, word frequency is a
variable which affects the extent to which
the presence of a word as an irrelevant
apsect of a stimulus can interfere with
color naming the relevant aspect of the
stimulus (Klein, 1964). Therclore, if the
suffix effect is operating postcategorically,
we would expect both the frequency of oc-
currence and the emotionality of words
occurring in the suffix position to exert an
influence on the recall data.

Method.—The relevant words were taken
from Broadbent and Gregory (1967), who
provide lists of monosyllabic words of two
frequency levels (AA and 10-49 per mil-
lion} and three classes of emotionality,
High, Neutral, and Low. Nine words from
cach set were selected and the 34 words
arranged in a pseudo-random sequence in
two blocks of 27. The usual constraints
applied to the lists used for each condition
both within and between lists and as they
appeared in sequence. Each block was
preceded by two practice items, and the
experiment started with a practice block
of 12 lists with two examples of each ex-
perimental condition. There were two
groups of 8s who followed exactly the same
procedure giving a total of 27 Ss. Other-
wise, the procedure of Exp. V was followed.

Resulis—There were no differences to
be found between any of the conditions
taken singly or between the frequency
clusses or the emotionality classes. The
data are given in Table 1.

Discussion of Experiment X1V

This study will be described in detail below.
One of the independent variables it incorpor-
ated, however, was a contrast between the
words “‘zero’” and “‘rosy” when used as suffixes
in otherwise comparable conditions. Since
this comparison is relevent to the questions at
hand and quite independent of the other in-
formation in Exp. XIV, we will report now that
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'ABLE 1

SErIAL PositioNn Errors MADE 1N EXPERIMENT V] GIVEX ny CONDITION
AnD PooLeEDp BY CLaSS oF SUrrFIix

Cont e z 3 4 5 6 i 8 Total
Good High | 12 46 79 117 138 16% 163 148 871
Neutral High | 13 69 97 108 145 163 173 156 924
Rad High 11 54 99 128 143 174 183 149 941
Good Low 18 62 104 129 129 180 170 151 943
Neutral Low 12 45 78 118 134 173 166 150 876
Bad Low 10 53 9t | 118 142 174 165 145 898
Total High 36 169 | 275 353 426 505 519 | 453 2736
Total Low 40 160 273 365 405 527 501 446 2717
Total Good 30 108 183 246 267 348 333. 299 | 1814
Total Neutral | 25 114 175 226 279 336 339 306 1800
Total Bad 21 107 190 246 285 348 348 294 1839

the two conditions were indistinguishable both

_statistically and visually. We were, of course,
aware that these two words are not phonemic
reversals of one another (see Crowder & Rae-
burn, 1970). However, they do not present
grossly dissimilar sounds.

Conclusions aboul Semantic Similarity

There are numerous further experiments one
could do on how the suffix effect responds to
variation in semantic similarity between the
memory series and the suffix,. We leave this
further rescarch to other investigators, how-
cver, being ourselves convinced that there are
no such effects to be found. The experiments
reported have failed to discover any systema-
tic differences in the size of the suffix effect
which might be attributable to intrinsic, as
opposed to extrinsic, properties of the suffix,
We regard this as strong evidence that PAS is
“located" prior to any categorization process
in spite of the evidence being all negative. The
reason for this will become apparent in sections
to follow where the phenomenon is revealed to
be very sensitive to vatiations in the acoustic
properties of the suffix.

FrreeTs oF PHYSICAL DIFFERENCES
BETWEEN STIMULUS AND SUFFIX

While we did not expect there to be any
differences in the suffix effect due to seman-
tic variables, we would expect that changes
in the physical nature of the suffix would
lead to differences in recall of the final
items in a list. We had, however, no prior
expectations as to exactly which of the

possible variables would have an effect
and which would not, except a general
belief that if a dimension proved to be
important, then we would be able to de-
scribe the phenomena in terms of theé
similarity of the suffix to the stimuli. Thus
far our notion of PAS is restricted to the
heliet that it is a property of some section
of the acoustic analysis system, but it has
not been necessary for us to specify where.
As long as PAS is precategorical and is
specifically acoustic, then, as far as its
position in terms of current theories of
meniory is concerned, it is secure. The
existence of the suffix effect enables us to
be more precise, for it is undoubtedly of
interest whether or not we are dealing
with a phenomenon specific to the basilar
membrane, one which exists centrally but
separately for the two ears, or whether
inputs to the two cars are treated alike
in this respect.

Effects of the Laterality of the Suffix

What the following series of experiments
demonstrates is that the information con-
tributing to the effect with which we started
{the difference between auditory and visual
presentation on the final items) is located
in a part of the system after the combina-
tion of infermation from the two ears, at a
stage where intensity has been normalized
but where a number of other wvariables
are still separable.
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specific part of the system would be unafiected).
This would account comfortably for the data
shown in Fig. 6.

With binaural presentation, all three parts of
the system weould be involved as shown in Fig.
7c. A binaural sulfix would then affect all three
parts leaving no information in PAS. A mon-
aural suffix, however, would only affect that
part of the system which was specific to the
ear being stimulated together with the common
part, leaving the other, car-specific part un-
affected. This is shown in Fig. 7d. Thus we
would obtain the result described in Exp. I1.
Chronologically, Exp. VII was performed be-
fore Exp. 11, the latter being, in part, 2 test of
the model just described (see Morton, 1970).

One condition which had not, at the time,
been presented, was the case of a monaural
stimulus followed by a binaural sufix.* In the
model described above, such a suffix would
have the effect of eliminating all the PAS in-
formation since it would be equivalent to an
ipsilatera! suffix plus additional stimulation in
the other ear. Thus we would expect a bi-
naural suffix to have the same effect as an
ipsilateral suffix, recall of the last item for both
of these conditions being inferior to that with
contralateral suffix.

On an alternative model of the process, a
totally different prediction can be made. This
is a model based on Broadbent’s (1958) filter
model and by analogy with the results on
selective listening (Treisman, 1964a, 1964Db).
In such models, there is a point in the processing
of stimulus information where particular
channels (specified, for ¢xample, by spatial lo-
cation) may be accepted or rejected. In terms
of a filter model, PAS information may be lo-
cated either before or after the filter. In either
case, however, the model would predict that a
binaural suffix would have less effect following
a monaural stimulus than would an ipsilateral
suffix since binaural specifics a different channel
from monaural. PAS could be located before
the filter, since the binaural suffix would, in
some sense, be stored separately from the mo-
naural stimulus and would not interfere with it.
If PAS information is retrieved {rom after the
selection mechanism, then we can assume that a
suffix which is not ipsilateral can he selected
out. The comparison of a binaural suffix with
ipsilateral and contralateral suffixes following
monaural presentation then hecomes a crucia
test between these twe models of the processs.

4 We are grateful to D. W. J. Corcoran for point-
ing out this rather obvious omission.
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Experiment VIIT

This study was designed to compare the
effects of a binaural suffix and those of an
ipsilateral suffix following monaural presen-
tation of the stimulus list.

Method —Three conditions were employed, in all
of which the stimuli were played to the right car.
The stimuli, six blocks of 18 lists of eight digits-each,
were recorded on one chamel of a two-channel
Vortexion tape recorder, and the suffix “nought”
was recorded on the second channel. External
switching and mixing gear were used to provide the
following three conditions: (a) {psilateral Sufix (1})—
the intensity of the suffix was adjusted so that there
was no perceptible change of loudness between the
stintuli and the suffix. (b) Contralaterol Suffix (C)—
the suffix was presented to the left ear at exactly the
same intensity as in Cond. 1. {¢) Binoural Suffix (B)
—the suffix was presented to both ears, the intensity
in each ear being exactly the same as in the above
conditions. This meant that the loudness of the
binaural suffix was greater than the loudness of the
other suffixes.

There were three goups of four Ss each. Each
group listened to the blocks of stimuli in the same
order but the suffixes were prescuted according to
two 3 X 3 Latin squares. Otherwise, the procedure
was the same as that used in Exp. 11,

Results —The data are presented in
Fig. 8. In this graph, the data from all
the groups have been pooled. The control
curve, included for guidance only, is the
mean of the control curves from other ex-
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F16. 8. The recall errors produced by binaural and
monatural suffixes following a monaural stimulus pre-
sentation in Exp. VIII. (The effect of a hinaural
suffix being less than that of an ipsilateral suffix falsi-
fies the model in Fig, 7. The countrol curve is an aver-
age from other expertments, being included for guid-
ance only,)
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periments, encompassing over 4,000 ob-
servations from 99 Ss. Wilcoxon tests
revealed no significant differences he-
tween Cond. C and B even at the 59, two-
tailed level, at any serial position. Ipsi-
lateral Cond. I was significantly worse
than the other two conditions on the final
serial position and overall (p < .01, two-
tailed) -and also significantly. worse than
the B condition at Position 7.

This result means that the first of the
models proposed above (and in Morton,
1970} must be rejected, and we must con-
clude that PAS phenomena. are due to

processes which operate after the combina-

tion of information from the two ears,
though, of course, the ‘‘channels” remain
separate. It might be noted that the result
of this experiment constitutes a very
strong falsification of the rejected hypothe-
sis. . If the binaural suffix had produced a
greater effect than the contralateral suffix,
it could have been argued that this was
hecause the binaural suffix was the louder,
and as such more difficult to reject at the
filter. This is the result one would have
cxpected by analogy with the results in
selective listening (Treisman, 1964a). As
the binaural suffix—in spite of its greater
loudness—did not have a greater effect
- than the contralateral suffix, we have three
possible assumptions in this experimental
situation with regard to the processes con-
tributing to PAS: (a) that the loudness of
a stimulus is ignored and so must be coded
in digital fashion prior to the location of
PAS, the stimulus iteslf being thus nor-
mahzed (b) that a’ binaural stimulus is
“tagged" as havmg an mten51ty appropriate
to one of the ears only In this case, the
information which gives rise to a subjective
impression of mcreased loudness must be
'separated from the coded suffix; (¢) that
loudness is itself a cue upon which selec-
tion or rejection can be based. If this were
not the case, then the binaural suffix might
be having Jess effect than if it were equal in
loudness to the stimuli.

Experiment IX

The purpose of this stﬁdy was to check
against' some of the ' possible artifacts
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mentioned above. In particular, the role of
intensity was examined in a design other-
wise identical to Exp. VIII,

Method —The procedure, materials, and condi-
tions were all identical to those used in Exp. VIII
except that there were the following six suffix con-
ditions: (z) Ipsilateral (I)—suffix same loudness as
the stimuli; (b) Ipsilateral+ (I1-4-)—suffix presented
at 3.75 db. greater intensity than in I; (¢) Contra~
lateral (C)—suffix in opposite ear as stimuli at samée
intensity as I; (d) Binaural (B)-—suﬂix presented to
both ears at same intensity as in I and C; (¢) Bi-,
naural— (B— )——-—suﬂix presented at intensity 3.25
db. lower than in'Cond. B. At this level, the suffix
was judged as being at about the same loudness
level as the stimuli; (f) Binawral-d- (B-)—suffix
presented at 3.75 db. above the level in Cond. B.

The changes in intensity were achieved by means
of a gam control on the tape recorder, the accuracy of
settings being better than + .25 db. Six groups of
four Ss listened to the stimuli with the suffixes being
presented according toa 6 X 6 Latin square desxgn

Results—The data are shown in Flg. 9.
There were no statistically significant dif-
ferences at the 19, level in the number of
errors made between the two I conditions,
among the three B conditions, or between
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IG. 9. An examination of the interaction of the
apparent spatial location of the suffix and its intens-
ity. (Two levels of intensity of the ipsilateral suffix
were used (0 db. and 3.75 db. with respect to the
stimuli. Three intensity levels were used for the .
binaural sufiix {(—3.25 db., 0 db,, and 3.75 db.) and
one (0 db.) for the contralateral sufﬁx There were .
o reliable effects of intensity (Exp. 1X). -The °

control curve isf taken from other experiments.)




TABLE 2

ResuLts oF WiLcoxonN TESTS v
ExveEriMENT [X

Cond,
Cond.
B— B B+ ‘ C
I 7,8 T, 8 8, T, 7,8 T
&S 6,7, 8 T. 8 6, 8 T. 7, 8 TI.

Mote.—The numbers indicate the serial positions at which the
I conditions showed more errors than the other conditions
(p < .0i, onc-tailed). T refets to total errors.

the B conditions and C except for a slight
increase in the number of errors on the
initial position in Cond. B (B vs. C being
the only difference which reached sig-
nificance). The two I conditions differed
from the other conditions as shown in
Table 2. These data confirm the results
of Exp. VIII and also indicate that the
loudness of the suffix with respect to the
stimulus is not a factor of importance in
the suffix effect. (This latter conclusion
will be discussed further helow.) There is an
interaction effect apparent in significance
levels given in Table 2 such that the
advantage of the B condition over the I
and | 4+ conditions is less than that of the
B 4 and B — conditions for total errors
and Serial Positions 6 and 7. This indicates
that the binaural suffix has a greater effect

Right ear Left ear

Visual input
= [f\q/?

ipmomml Bmaurcl Comrulnterol] lnpul Buffer

FILTER

————

Sele:hon
—~Mechanism
Paist-selection
procesiss

Logogen Syifem

F16. 10. A possible flow diagram of information
in the case where the stimulus list is presented mon-
aurally to the right ear. (The logogen sysiem (de-
scribed elsewhere Morton, 1969, 1970) is the point at
which information from visual and acoustic stimula-
tion converges. Since there was no visual-acoustic
interactions with suffix experiments (Crowder &
Morton, -1969; Morton & Holloway, 1970) PAS
must precede the logogen system, The possible lo-
cation of PAS is discussed in the text.)
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when its intensity in each ear is the same
as that of the stimulus list as was the case
in Exp, VIII. This is a small effect, however
(as there are no significant differences at all
between B and B 4+ or B and B —), and
one which does not find any equivalent
with the ipsilateral suffix. It might then be
that intensity is a cue whose effect is too
small to be seen in isolation but which in-
teracts with another cue (laterality) to
produce a visible effect. Further experi-
ments will be required to decide this issue.
It is quite clear, however, that loudness
is not a significant factor on PAS either as
a selection cue (in which case we would
have expected B and B 4, which were
louder than the stimuli, to have less effect
than B — or C}, or as an attention-getting
variable (in which case we¢ would expect
B 4+ to have more effect than B or B —).

Discussion.~-Having concluded that PAS is
a property of processes which follow the inte-
gration of information from the two ears, we
now have to decide, in terms of the model
shown in Fig, 10, whether PAS information is
located before or after any selection mechanism.
The two possibilities may be summarized as
follows.

1. PAS information is located in the input
buffer store. If the buffer store segregates in-
formation from different locations, then while
an ipsilateral suffix overwrites PAS informa-
tion, a suffix with a different spatial origin, i.e.,
from a different channel, will leave PAS un-
disturbed. This would account for the differ-
ence between the ipsilateral and the other
suffixes. The fact that there is a suffix effect
in the B and C conditions would be a result of
incomplete separation of stimuli from different
sources in the buffer store.

2. PAS information is located in the post-
sclectton processes. The difference between
the ipsilateral and the other suffixes would then
be due to the selection system being set for the
laterality of the stimulus list and subsequent
items on another channel being “attenuated’
(ef. Treisman, 1960), The extent of the suffix
effect with suffixes on other channels would
then be an index of the efficiency of the selec-
tion mechanism.

3. PAS information might be located both
in the buffer store and in the post selection
processes. In this case, the above restrictions
would operate together,
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Fxperiment X

In the experiments described above, Ss
always knew from whence the suffix would
come and it can reasonably be assumed that
they adopted a strategy to minimize its

effect. It would thus be a further assump-’

tion of the above discussion that it is easier
to exclude a suffix on a different channel
from the stimulus (by maintaining the
current filter setting) than to. exclude a
suffix on the same channel (by switching
the selector to some other channel or
trying to exclude any input).

H PAS is a property of the postselection
processes, then it should be possible to
increase the effects of a binaural or a con-
tralateral suffix by keeping .S uncertain as
to the channel on which the suffix will be
presented (assuming that the location of a
rejected channe! must be specified) or by
forcing § to process the suffix before start-
ing to recall the stimuli. In both these
cases, the difference between the ipsilateral
suffix and the others should be reduced. 1f,
on the other hand, PAS is entirely a pro-
perty of the buffer store, then such experi-
mental manipulations should make no dif-
ference to the comparison between the
different suffixes. In the present experiment,
the suffix occurred at random on the right
ear, the left ear, or binaurally,

Method —The stimuli, lists of cight digits, were

presented to the right car and the intensities of the
suffixes were determined as in Exp. VIII. There
were four blocks of 29 trials of which the first two
were not scored. The test stimuli were preceded by
16 practice trials for which the channel of the suffix
was also randomized. There were 17 Ss. In other
respects, the procedure was the same as that used
for Exp. II.

Resulis—The averaged data are shown
in Fig. 11 together with control data which
were taken from several other experiments.
Differences among conditions were tested
with the Wilcoxon test. The Binaural and
Contralateral conditions were indistin-
guishable statistically. The Contralateral
Suffix condition differed significantly from
the Ipsilateral condition at Positions 2, 5,
and 8 and algo for total errars (p < .01).
The Binaural condition, however, was not
significantly different from the Ipsilateral
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I'16. 11, The effect on errors of suffixes occurring
i three spatial locations at random {Exp. X).
(The differences hetween the Ipsi condition and the
other two are reduced compared with Exp. VIIT in
which Ss always knew the suffix location (cf Fig. 8).
The control curve is taken from other experiments.)

condition at this level, the difference be-
tween these reaching only the 597 level
at the last serial position (two-tailed)}. On
more detailed examination, this turned out
to be a consequence of two Ss' perform-
ance, and a sign test showed the Binaural
condition to be sharply hetter than the
Ipsilateral condition for the last position
(p < .004). Thus, we are not prepared to
conclude that there is not a difference be-
tween binaural and ipsilateral suffixes under
the conditions of this experiment.

The Effects of Random Suffix Positions

A comparison of the data in Exp. VIII
and X (Fig. 8 and 11) will enable us to
draw some conclusions as to the effect
of the spatial location of the suffix being
unpredictable. There are two effects visible:
an overall increase in the number of errors
and a reduction in the difference between
the Ipsi and the other two conditions. As
there are wide differences in ability be-
tween Ss within each experiment, Mann-
Whitney tests are rather weak, but con-
firm the wvisual impression, yielding sig-
nificant differences between the experi-
ments in the final serial position for both
the number of errors in the B and C condi-
tions (p < .01) and for the I-B and I-C
differences (p < .(I)S).




184 J. MORTON, R. G. CROWDER, AND H. A. PRUSSIN

From this result, we conclude that in
terms of the filter model, at least a large
part of the PAS information is located after
the. selection mechanism. Otherwise, we
would not expect the suffixes on different:
channels to the stimulus to have a greater
cffect as a result of unpredictability in
suffix positions. In terms of the average
error rate, there is also a suspicion that
the number of errors made on the ipsilateral
condition was greater in Exp. X. This
difference could not be tested adequately
owing to extent of the inter-S variance
(from 24 to 186 total errors for individual
Ss in Exp. X and from 31 to 179 in Exp.
VIII).

Fffects of Suffix-Prefix

In the next two studies comparisions
were again arranged among ipsilateral,
binaural, and contralateral suffixes. The
difference in procedures from Exp. VII-X
was that in Exp, XII the suffix had to be
processed by S. The increase in informa-
tion-handling requirements by .Ss required
moving to lists of seven digits rather than
eight; otherwise, too many errors were
made in recall. The suffix elements used
were either the word “tick” or the word
“cross,” the choice for any given seven-
digit series being determined randomly.
In Exp. XI and XII, the suffix occurred
at a random spatial location (ipsilateral,
contralateral, or binaural) throughout. In
Exp. XI, the suffix had to be ignored;
in Exp. XII, S was asked to respond ap-
propriately to the suffix hefore beginning
recall (i.e., to write either a tick or a cross
on his answer sheet before writing the
digits). In spite of the loss of statistical
power, we did not feel that we could use
the same Ss in both experiments owing to
the danger of asymmetric transfer effects.
In both experiments there were four blocks
of 29 items preceded by 16 practice lists.

Bxperiment X1

Method —The procedures and materials were sim-
ilar to those used in Exp. X above. The three
conditions were Binaural Suffix, Ipsilateral Suffix,
and Contralateral Suffix; 20 Ss were tested in four
groups.
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F16.12. The errors found in Exp. X[ due to a suffix
of the words “Tick” or “Cross.” (These data con-
firm those of Exp. X (Fig. 11) and act as z control
for Exp. XII (Fig. 13). The control data are for
guidance only, being taken from other experiments,

Results.—The error probabilities in these
three conditions are shown in Fig. 12. The
control data were taken from other experi-
ments and are there for guidance only.
Wilcoxon tests permitted the inference
that performance in the Ipsilateral condi-
tion was significantly worse than in the
other two experimental conditions on
Serial Positions 5, 6, and 7, as well as for
total errors (p < .01, two-tailed). There
were no significant differences between the
Binaural and Contralateral conditions.
When this outcome is compared with the
data of Exp. VIII (Fig. 8), an interaction
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F1c. 13. Data from Exp. XII showing the errors
caused by a suffix (“Tick™ or “Cross”) which had
to be responded to as a prefix before recall of the
stimuli. (The control curve was taken from other
exXperiments).
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is suggested Dbetween list length and the
differential effects of the suffix such that
with the shorter lists (and the same popula-
tion of Ss, though not the same indi-
duals) the difference between the Ipsilateral
condition and the other two is greater on
the final serial positions than with the
longer lists used in Exp. VIII. Comparison
of the size of the cffects of the ipsilateral
suffix with different list lengths would be
impracticable without a much more de-
tailed model of all the processes involved in
the recall task.

Lixpertment X 11

Method. —All details were identical to those in
the preceding experiment except that § was required
to respond with the suffix (either “'tick’” or “‘cross'")
as a prefix beforc recalling the digits. Seventeen
Ss were tested.

Results—The error probability scores are
presented in Fig. 13.

The only significant difference among
conditions was at Position 3, where per-
formance was better following the ipsi-
lateral suffix than following the contra-
lateral suffix, and at Position 7, where
performance after the ipsilateral suffix was
worse than that following the binaural
suffix. This result suggests the hypothesis
that when S is required to process the
suffix the difference hetween channels is
reduced. This impression is confirmed by
the results of a Mann-Whitney test shown
in Table 3, which shows those serial posi-
tions at which the difference between con-
ditions is reduced. This table shows that
the differences between Ipsi and the other
conditions are reduced more at the later
serial positions. This result indicates a
relative increase in the suffix effect of the
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Binaural and Contralateral Suffixes. It
should be noted that the tests of differences
between Exp. X1 and XII are highly
congervative. If ratios of error probability
were used instead of differences, the serial
position effect of the change in procedure
would be emphasized more. Even without
such a test, we feel confident that there is
sufficient evidence to justify the claim that
the comparison of Exp. X1 and XII sup-
ports the conclusions from the comparison
of Exp. VIII and X that PAS information
is located after the channel selection. Only
in this way can one account for a differen-
tial effect of {orcing Ss to process the suffix.
The overall error rate is higher in Exp.
XII than in Exp. XI as a consequence of
the added Prefix operation.

Liffects aof Noise and Vocal Differences
Expertment X111 :

We have shown in the first section that
in a large number of situations the semantic
properties of the stimulus suffix make no
difference to the degree of performance
failure occasioned by suffix persentation.
In the section just concluded we have shown
that spatially defined channel separation
of the stimulus from the suffix can reduce
the magnitude of the effect. It now remains
to explore how physical properties of the
suffix other than spatial location can in-
fluence the suffix effect.

Experiment XI1I was designed to test
our early conjecture {which now seems
naive) that nearly any sound would produce
a suffix effect; this conjecture presupposes,
of course, that PAS is more peripheral than
several of the above studies have given
cause to believe. Control series of nine

‘TABLE 3

VaLuss oF MANN-WHITKEY U StaTistic: CoMpParinGg ExpErIMENTS X ann XTI

Serial position

Difference compared

1 2 3 4 3 [} 7
I psilateral-Contralateral 135 137 108.5 88+ 94 5% G5**¥ 02%*
1psilateral-Binaural 167.5 112 124.5 152.5 G8F** a6* 113
*p .05
np <02

ok < 002

.
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digits were compared with four experi-
mental conditions. The latter were arranged
as a 2 X 2 factorial design; one factor was
whether the suffix event was a spoken
“zero” or a burst of random speech noise
and the second factor was the intensity of
the suffix.

Method.—Len Ss served for two sessions on differ-
ent days, each session consisting of five blocks of 20
trials. Conditions (Control, Soft *“Zero.” Loud
“Zero,” Soft Noise, L.oud Noise) were assigned to
blocks according to two Lalin squares (one for each
day) such that first-order sequence cffects between
conditions were completely balanced. Two lists of
104 nine-digit stimuli were used, one list being used
an Day 1 for hali of the S5 and the other list on Day
2 for the remaining Ss.

All stimuli were read at a 2 digits/sec rate with the
suflix arriving in time with the memory series. In
the Control condition, no suffix was presented. In
the two “Zero” Suffix conditions, E recorded the
word “zero” following the last memory element such
that in the Soft condition the intensity was the same
as for the digit list and sach that in the Loud condi-
tion the suffix intensity was subjectively twice as
loud as the digit series.  Subsequent measurement
showed peak intensities of the Soft “Zero” to be the
same as the memory serics (around 66 db.) and the
Loud “Zero” to be at around 85 db.  In the noisc
conditions, a burst of white noisc (actually a broad-
band noise signal designed to cover approximately
the same bandwidth as average human speech) was
presented at the snme time and for the same duration
as the “Zero” Suffix, Subsequent measurement of
these noise signals showed the Soft Noise to be
80 db, and the Loud Noise to be 90 db. Thus, it
should be remarked that according to SPL readings
the design of this study was not factorially pure—
both noise signals were substantially more intense
than the normal speech conditions. However, we
felt it more important that the subjective loud-

b Loud zero

ERROR PROBABILITY
R G b o

75475 & 7 & qContrel
SERIAL POSITION

Fra, 14, Data from Exp. X1 showing that a non-
speech noise gives no suffix effect. (The difference
between “Soft Zero” (where the suffix was of equal
loudness with the stimuli) and “Loud Zero” is prop-
erly to be attributed to differences in voicing not
intensity.)

nesses be matched with some care. In calibrating the
noise suffixes, the subjective criterion applied was
that the soft noise should sound equally loud as the
intensity of the to-be-remembered digits {and hence
equally loud as the Soft “Zero'”” condition) and that
the Loud Noise be twice as loud.

Resulis—The results are shown in Fig,
14. The most striking finding is that while
hoth conditions in which a speech response
was used as the suffix caused a suffix effect,
there was none whatever when the non-
speech noise was used. Overall, the two
noise conditions (which did not differ from
one another either in total errors or in
errors on Positions 7 and &) occasioned more
errors than the control condition, " = 7,
b < .019; however, it is obvious from the
figure that this was not a seleclive impair-
ment. I the noises affected PAS, we would
expect a large decrement on the final serial
positions.

The data of Fig. 14 provide an empirical
contradiction with Exp. IX in that they
appear to show that the Soft “Zero™ was a
more effective sufhx than the LLoud ‘“‘Zero.”
For Positions 7, 8, and 9 combined, the
difference between the two speech suffix
conditions was marginally nonsignificant

(p < .055 by sign test); however, on the’

last serial position, the difference reached
satisfactory levels of confidence, T" = 9.5,
£ < .042 and p < .011, by sign test. We
now believe this result is an artifact of the
method used in the present experiment. In
particular, E effected the variation in
suffix intensity here by simply speaking
louder (nearly shouting in [act) when he
was recording the Loud “Zero’” condition
than when he was recording the Soft
“Zero” condition. This shouting procedure
probably entailed variation in much more
than intensity alone—pitch differences,
constriction of the vocal apparatus, stress
differences, etc. As we shall describe below
in some detail, our subsequent work has
indicated these factors to be of large
probable importance in the suffix experi-
ment. Finally, since intensity alone in
Exp. IX (where it was properly varied by
adjustment of the gain control on playback
equipment) was not an effective deter-
minant of the suffix effect, we are confident
in attributing the present difference to

———
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factors confounded with the present ma-
nipulation of intensity.

FExperiment XTI

In the preceding experiment, we have
demonstrated that the set of sounds which
will produce a suffix effect does not in-
clude bursts of noise. IKKnowing from the
series of studies described above that
laterality is a factor in the suffix effect and
knowing also from the first group of ex-
periments that scmantic factors do not
affect the suffix experiment, a correspon-
dence with research on selective attention
and shadowing is brought into sharp relief.
It had been established in such experi-
ments that when the rejected message is in
a different voice f{rom the shadowed
message, the number of errors made in
shadowing is greatly reduced. (T'reisman,
1964a). Accordingly, we might expect that
when the suffix is in a different voice from
the memory series, it too will have less
effect. The logic of this prediction is quite
clear if one considers that S's task in the
suffix experiment is 1o sgnore the suffix (an
instruction we occasienally use).

Method.—The method in Exp. XIV was exactly
the same as that used in Exp. XIII. The five con-
ditions were formed by the Control condition {(no
suffix) and a 2 X 2 factorial combination of suffix
word (either ‘‘zero” or “rosy’’—see discussion fol-
lowing Exp. VI above) and suffix voice. The suffix
voice was varied as follows. The to-be-recalled
digit lists were always read in a male voice; in the
Same Voice condition the suffix also was presented in
the same male voice, but in the Different Voice

5
-4
-_J .
o Same voice
z 3
Q
o<
a g
ti 1’
O . ]
E | Different voice
w

T : . Conirol

2 3 4 5 67 89
SERIAL POSITION
TF1G. 15. The effect on errors of a suffix spoken in
the same (male) voice and a different (female) voice

as the stimuli, {In the control condition there was
no suffix—Exp. XIV.) ‘

condition the suffix was presented in a female voice.
Ten Ss were used.

Results—Figure 15 displays the main
data in terms of error frequencies for the
conditions collapsed across suffix word
(since, as was ohserved above, the latter
variable had no effect whatever). The major
findings were that («) both suffix conditions
produced significantly more errors than the
control condition, T = 0, p < .0035, for
the same-voice suffix and, T = 10, » = .042,
for the different-voice suffix, and (b) the
same-voice suffix was significantly more
detrimental to recall than the different-
voice suffix, 7" =0, p < .005. Although
these inferences are based on total errors,
it is obvious from the figure that the effects
are occurring at the last few serial positions.
This is confirmed by an analysis of the
separate serial positions, the differences at
Position 9 being greater than those at
other positions for all comparisons. Thus,
a shift in voice quality between the stimu-
lus channcl and the suffix channel pro-
duces a result quite comparable to the
shifts in laterality channel studied in
several of the experiments above. Both
vield an attenuated suffix effect.

fxperiment X1

This study was designed to complement
Exp. XIV in showing that inherent dif-
ferences between male and female voices
were not responsible for the eflect shown
in Fig. 14. Thus, in the present experiment,
the stimulus lists were read by a female
voice and the suffix presented either in
the same voice or in a male voice.

Method —The stimuli were lists of seven digits
presented in a female voice. The Ss received two
blocks of 29 digit lists in which the condition varied
at random between a same (female) voice suffix and
a different female-voice suffix and a male-voice suffix.
The stimuli were played over a loudspeaker to 17 Ss.
All the other procedural details were the same as in
Exp. VIII-XII.

-

Results—The pooled data are shown in
Fig. 16. Wilcoxon tests showed that the
effect of the same-voice suffix was different
only at Position 7 from the other female
voice (f < .05) and from the male-voice
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“pSame vaice suffix

Another F:g'nﬂle
. voice suffix
\

\
bMale voice suffix

ERROR PROBABILITY
L)

T3 3 4 5 b 7
SERIAL POSITION

FrG, 16. Data from Exp. XV showing that with
the stimuli spoken by a female voice, a suffix in the
same voice causes more errors than a suffix in a
different female voice. (A male-voice suffix has even
less effect.)

suffix {p < .01). The (nonsignificant) ad-
vantage for the Same-Veice condition at
Positions 4 and 5 is probably attributable
to grouping effects and serves to emphasize
the decrement at the final serial position.
Thus, the previous result is confirmed and
generalized to either relation between the
male and female voices, and to differences
between voices of the same timbre.

Experiment X VI

Given that the difference between male
and female voices and differences among
fermnale wvoices lead to differences in the
effect of the suffix, it is also of interest to
see whether differential effects could be
found when the pitch or accent of the
suffix was varied.

Method.—Tn this experiment, there were six con-
ditions each involving 18 scven-digit lists. The
stimuli were recorded in a female voice. The six
conditions are as follows: (a) Same-Voice suffix; (&)
suffix in the same voice as the stimuli but at a differ-
ent pitch, about a third higher; {¢) and (d) the suffix
was recorded in two other female voices, one
American and one English; {¢) and {f) two male
voices were used for the suffix, American and
English, respectively. There were three groups of
four Ss who heard the conditions in the orders:
531462, 162534, and 425613, respectively. Other-
wise, the method was the same as in the preceding
study.

Results—The only significant differences
among any of the conditions occurred in
the final serial position. The same-voice

suffix produced the greatest effect, being
significantly different from the other two
female voices {p < .02 and p < .05, two-
tailed), from the same voice with different
pitch (p < .02) and from the two male
voices {¢ < .01 in hoth cases). This result
confirms the previous ones and adds the
fact that the pitch of the voice appears to
be a feature which can be used by the
selection mechanism. The lack of distinc-
tion hetween the accents might be hecause
a single word “nought” carries insufficient
acoustic cues to signal the difference.

Lxperiment X VII

Having shown that a suffix of a different
pitch from the memory series has a reduced
effect, we ought now to be able to reduce
that advantage by presenting suffixes at
different pitches at random in the same
way that laterality effects were weakened
by random conditions of presentation in
Exp. X.

Method,—All details of method were the same as
in the preceding study. Three levels of pitch were
used, one the same as the stimulus, one a musical
third higher, and a third pitched a third lower.
There was a single block of 51 scored trials (seven-
digit lists) preceded by practice items, These were
played to a single group of 14 Ss.

Results—The only differences between
the lists were between same and lower
pitches on Position 5 (p < .03) and the
lower pitch suffix caused fewer total errors
than the upper pitch sufix (p < .05).
These unpredictable differences can he at-
tributed to chance. Thus, with a randomly
varying pitch of the suffix, there were no
differences germane to the suffix effect.

GexeraL DiscussioN

Let us now summarize our conclusions with
respect to PAS, In the Crowder and Morton
(1969} article, we claimed to have demonstrated
the existence of an information store which
gave a special advantage to auditory over visual
presentation for the final items in a list. This
advantage was removed by the presentation of
a stimulus sufhx, a redundant item which did
not have to be responded to. The postulated
information store, PAS, could be placed in and
related to other information-processing func-

" X

By




THE STIMULUS SUFFIX EFFECT 189

tions in the context of a more general model
for information processing, the logogen model
(Morton, 1969, 1970). It was predicted from
this model that the intrinsic characteristics
of the suffix should be irrelevant in determin-
ing the sizc of the sufiix effect. Experiments
11—V in the present paper confirmed this pre-
diction with respect to meaning, frequency of
occurrence, and emotionality. Crowder and
Raeburn {1970) also showed that reversed
speech yielded a suffix effect.

The later experiments reported above have
investigated variables which do bear on the
size of the suffix effect. Experiments VI and
VII, together with one comparison from Exp.
11, established that of the apparent spatial lo-
cation of the suffix differs from that of the
stimulus list, then its effect is reduced. The
finding that a suffix presented to both ears is
equivalent to a suffix presented to the opposite
ear from the stimulus list established that the
effect operates after the combination of in-
formation to the two cars. DLxperiment VIII
showed that therc were no artifacts in this re-
sult which could be ascribed to the loudness of
the suffix with respect to the stimuli.

The importance of the voice characteristics
of the suffix were shown in Exp. XI11-XIV, in
which it became apparent that the less the
suffix resembled the stimuli, in timbre or pitch,
the smaller the decrement in recall.

We have aleo claimed that a large part of the
suffix effect can be attributed to events occur-
ring after some attention mechanism, Our
evidence for this is that the differcnces between
suffixes can be reduced either by making their
characteristics unpredictable (Exp. IX vs.
VII for location and Exp. XIV vs. XV for
pitch) or by forcing Ss to process the suffix
before recalling the digit string (Exp. X1 vs.
X). It might be noted here that the latter pro-
cedure did not succeed in producing an effect
of a visual suffix on an acoustic stimulus or vice
versa (Morton & Holloway, 1970). This re-
sult was also in accordance with the underlying
model which asserts that prior to categoriza-
tion, there is no overlap between the mechan-
isms ivolved in processing the two modalities.

We regard PAS as just one of a number of
information storcs which can be used in the
cottrse of an investigation into memory. 1t re-
veals itself maximally when Ss arc constrained
to recall the stimuli in their order of presenta-
tion, where the contribution of PAS as shown
both by the visual-auditory comparison and in
the cffects of the suffix are large and consistent.
We have, however, also shown that it plays a

role in the running memory span (Crowder &
Morton, 1969, Exp. 1I) and in a design where
S had to recall but oue item, heing given all the
other items as a cuc to recall. Tu these experi-
ments, the effect of the suffix was numerically
smaller than in the serial recall design (but no
less significant) owing to the presence of other
sources of information. These sources of in-
formation have been discussed at length by
Crowder {(1070) and Morton (1970).

It has rccently become apparent that one
change might be required in the model. We
have claimed that PAS can only account for the
advantage of auditory over visual presentation
for the last few scrial positions. However,
Murdock and Walker (1969) have shown an
advantage for auditory over visual presentation
over the last five or six items of a free recall list.
Since this difference cxisted for a rate of pre-
sentation of one English disyllable per 2 sec.,
Murdock and Walker argued that it is unrea-
sonable to suppose it due to greater difficul-
tics in processing the visual material, Murdock
and Walker argued in favor of the existence of
separate prelinguistic auditory and visual
short-term stores with a persistence of up to 5
or 10 scc. I their arguments are accepted, then
it is clear that such an acoustic store does not
correspond to PAS since in the first place the
auditory-visual difference is too small and
second the difference covers too many serial
positions and third there is evidence that PAS
lasts no longer than 2 see. (Crowder, 19692,
1971). If it were shown in the {ree recall para-
digm that a simulus suffix removed the ad-
vantage for acoustic presentation, then our
opinion would have to be revised.

It might also be noted that PAS cannot ac-
count for the preperceptual auditory images
described by Massaro (1970). Massaro showed
that the identification of a pure tone was af-
fected by a subseguent masking tone as a func-
tion of its closeness in time. However, unlike
the suffix effect, this masking was unaffected
by whether the masking tone was in the same
or the opposite ear to the test tone.

in the course of the paper, we have noted

that the suffix curves differ from control curves

over the whole or most of the list. We have,
however, referred to “the suffix cffect” as re-
stricted to the last few serial positions. Our
justification for this procedurc rests in the ac-
knowledgment that the effect of a suffix is not
restricted to ‘'the suffix effect.” When the
suffix is presented, Ss, perforce, process it and,
at a subvocal level, respond to it. Thig im-
plicit respense should, according to the under-
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lying model, act as a prefix. The effect of a
prefix is to reduce performance in serial recall
over the whole of the list (except the final item
with auditory stimuli) as shown in Fig. 2.
Crowder (1970) has shown that a comparison
of suffix and prefix curves indicates that the
suffix comparatively affects only the last two
items,

We believe that PAS is now firmly estab-
lished as a distinct theoretical construct. The
cffects associated with it can now be used as a
tool to investigate phenomena such as atten-
tion and speech perception.
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