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Lists of digits 3 and 7 items in length were presented o second graders, sinth graders,
and tow-10) sixth graders in either the visual or auditory modality. Half the auditory lists
were followed by the redundans nonrecalied. auditorily presented word “recall” which
served as a Hst suffin, The second graders had the most erors in the ordered recall task
followed by the low- 1) sixth- and normal sixth-graders in that erder. The size of the
modality and suffix effects for the various groups seemed w indicate that, for the younger
subjects. a larger proportion of the recall afier auditory presentation comes from the
Prelinguistic Auditory Store than for the older subjects.

The modality in which verbal materials are presented has taken on new and
increased importance in studies of human learning and memory in recent years as
a result of the finding that auditory presentation yields much higher performance
on short-term memory tasks than does visual presentation. The auditory superior-
ity is typically confined to the last few serial positions in the list although several
studies have reported auditory superiority over the entire list (Murdock &
Walker, 1969; Routh, 1976).

The modality effect has been found with short-term memory tasks testing for
order and item information and with both recall and recognition {(Penney, 1975),
It is probably safe to say that it is one of the most replicable and strongest of the
phenomena observed in short-term memory research. Aside from its pervasive-
ness, the modality effect is also theoretically interesting because it is taken as part
of the evidence for the existence of an auditory sensory memory somewhat
similar in nature to the visual icon and given the label Prelinguistic Auditory
Store (PAS).!

The majority of the work on the PAS has been done by Robert Crowder and
his colleagues (Crowder, 1972; Crowder & Morton, 1969) using a procedure
called the suffix technique. This technique consists of presenting lists of verbal
items to be recalled in the correct order in the same general way one would

*Part of these data were presented at the Ninth Annual Ciatlinburg Conference on Mental Retdrda-
tion. Reprints may be obtained from Randall W. Engle, Department of Psychology, University of
South Carolina, Columbia, South Carolina, 29708,

'Dr. Crowder, in a personal communication, has suggested that the name Prelinguistic Auditory
Store is more appropriste and fits the natare of the store more than does Precategorical Acoustic
Store; thus the newsr term is used here.
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conduct a memory
a redundant nonn
might be follov

m that the experimental condition also receives
he fast list item. For example, a list of digits
by 3hu ffi wam the subject told beforehand that the
reve need not be rec m@ ¢ and may be ignored if he so chooses. The suffix
generally causes M : in errors over the last one or two serial positions
wm n compared fix control condition. It s assumed by Crowder
72y that recall m“ the last few items is so good in the nonsuffix condition
lwmm@ the subject can very quickly read them out of the lingering PAS into the
mm{ term roemory in the 1.5~ seconds before the PAS ace decays, If the list
followed by a suffix. huwm -, the last memory ttems are displaced from PAS
%‘:s}* the suffix and there is nothing the subject can do to keep the suffix from
replacing the memory item in the store.
The nice thing abous the suffix procedure is that, by varying the nature of the
Hst items and the suffix and the wemporal parameters between them, the charac-
‘m‘i%&t;m wf w 57’1"t:5§in‘wz,nis;¥%c; Auditory Store can be dmmmuwd Some of these
scribed by Crowder (1972) are: (1) The PAS seems 1o be
nee nonspeech sounds such as i?ﬂ.i;?i]?ié:&%., taps, Or IONes Cause no
¢ 3 The PAS seems to be coded by physical features since changes
in pitch mt voice from the list to the suffix cause reduction in the effect of the
suffix. (3) Semantic content does not seem o be important w0 PAS since the
suffis can be any speech sound such as t&;:za:kwmwi speech, words, digits, and.
perhaps most interestingly, the word “recall,”” and a suffix effect will be found.
{4) The PAS appears to store only vowels and not stop consonants since uffix
effect is found if the stop consonant is the only distinguishing characteristic of
memory items (ba, da, ga) but a suffix effect is found when the vowel is the
distinguishing characteristic (ba, bi, bu). It should be mentioned that several
stuchies have observed a suffix effect with visual presentation (Engle, 1974
Kahneman, 1973). However, Hitch (1975) has found that the visual suffix effect
could be attenuated by teaching.the subject to ignore the suffix while the anditory
suffix effect could not be so atienuated. T pﬂ‘mmb y ind%wm t}w ﬁw wéww
suffix effect is due to attentional factors while the auditory suffi
The present study attempts a developmental mm&iy sis ﬂ‘"‘ ixa, }?’A& !t was ,tswi
that, since PAS appears to play a vital role in speech perception and contributes
to general short-term memory processes, a study of the store in children would be
worthwhile. We are beginning to achieve some understanding of the visual
sensory memory in children primarily through the work of Haith and his col-
+5 {Haith, 1971); however, we need to have similar knowledge for the
auditory modality, Tt was with this in mind that the following research was
undertaken
Three groups of children, a second-grade group, a sixth-grade group, and a
tow-10Q) sixth-grade group, were presented with lists of digits to remember in the
correct order. {The low-1Q group was included because of Baumeister's (1974)
suggestion that low-1Q) children rely more heavily on auditory sensory memory
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The digits were presented to the three groups either
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METHOD
Subjects
cts were all wken from public elementary and middle schools in
Columbia. South Carolina. The schools serve a population that is heteroge
with respect to race and socioeconomic class. Three groups of 15 children *zM
were selected from md grade, a sixth grade, and a special class for low-1Q
students. All subjects were selected on the basis of mental and ¢ hronological age
such that the mental age of the low-IQ) group would approximate that of ¢
ond-graders and the chronological age of the low-1Q group would mppwmmmm
that of the sixth-graders. The mean and standard deviations of IQ, mental age
(MA)}, and chronological age {{JM for the three group shown in Table 1
The 1Q data for all subjects ‘zmmml from the Otis-Lennon test which
had imm ddmamwmui by the sc hwui systen

The subje

Materials

Lists of digits five and seven items in length were constructed from a random
number table with the constraints that no digit cox ppear twice in a list and no
obvious ¢ «;{m ns ¢ m;l 1 oecur. There we
seven items. Ter igned to each
of the auditory suffix, auditory nonsuffix, and visual conditions. This assionment
of list to conditions remained constant throughout the experiment. The subject

TABLE 1
Mean and Standard Deviation of 10, Mental Age (MA), and Chronological Age (CA)
for the Three Groups

Low-10}

Secorul-graders Sbxth-graders Sinth-graders
5D Mean 8D Mean 50
1 110.46 10,22 8.6 8.79 1051 9.37
MA .90 BT 9.0 R 12.0 1.08

CA 7.90 29 1.8 Vit 115 LA
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received the Jists in blocks of 10 Hsts with all Iists in a block being the same
tfength, The HMS&L were either spoken aloud by #i‘ e experimenter at a vate of one
Hem per Secor nd or presented by shde j‘mmt m the same rate.

j vy Kodak projector and was timed by making a

The vi y
contin s the %’“k‘”&f"Wé%%“d circuit on the pre This

Was ;xz’*'@“«;mmi to vield a rate of approximately one digit per second. The auditory
presentation was tmed by trning off the lamp of the projector and using the

sound of the progressing p
presentation for auditory

Cas a metronome, thus yielding the same rate of

d visual conditions.

al

Design and Procedure

The three conditions of stumulus presentation were auditory suffix, auditory
nonsuffix, aiw isual. In the auditory wf‘fi‘% condition the subject heard a st of
either 5 or 7 digits Euﬂum by the word “recall” in the same cadence and at the
same intensity as the digus, It was felt that using the word “recall”™ as a suffix
wiuld hz:‘ less confosing to the vounger subjects than using the “zero”” customary
in these eriments. In the suditory nonsuffix condition the subject heard only
;‘Wmm w begin rec aiiuw mq: fist mm the

by slide pr

The subjects e at a time in a session lasting about 45 minutes.
They were instructed to write the Hsts of digits on an answer sheet and to write
the digits in the order in which they were presented. They were told that if they
forgot which digits went in the proper spaces they could either guess or leave
them blank.

When the experiment began it was intended to completely counterbalance the
ordering of the three conditions and, within each condition, to present the block
of S-itermn Hsts § "m half the subjects and the 7-iem lists first for the other half
of the subjects. To test three subjects for each combination of condition and Mt
length would have required 18 subjects per group. It was possible to obtain only
15 suby er group that met the a priori criteria of MA, CA, and 10 so the
counterbalancing scheme was completed except for the last condition and st
length combination,

RESULTS

Recall was scored using two different measures. By one procedure, if the
correct digit was not in the proper space on the answer sheet an error was scored
for that serial position in the list. The number of errors at each serial position was
summed over the ten lists in each block yielding a score that could range from 0
to 10 for each serial position at each of the three conditions and two list lengths.

The second method of scoring was performed at the suggestion of a reviewer
that the former method caused a loss of too much information about partial recall.
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To counter this 4"3‘“@%'}@33%&#“ a method was used somewhat similar to that used by
Huttenlocher and Burke (1976). If the subject recalled the correct digit in the
proper space a score of 1.0 was weorded for that serial position. If the correct
digit was recalle ce removed from the initial input position a score of .75

i one Sp
was recorded for the original {nput position; if the digit was recalled two spaces
removed a score of 30 was recorded for the original position; and if the digit was
recalled three spaces removed a score of 25 was recorded for the original
position, If the digit was either not recalled or recalled four or more spaces
remnoved from the Input position, a score of 0 was recorded for that position,
For both measures separate analyses of variance were performed for S-item
and T-iter list data, The two methods of scoring yielded idemical conclusions
and all further discussion will gertain to the former more stringent method. Each
of the comparisons discussed below was a Scheffe comparison at the .05 level.
The data from the 5 swm fists are shown in Fig. 1. The main effect of Group,
F 242y = 1987, p < 001, was a result of the mw groups all being signifi-
cantly different from amcr}“; other with the sixth-graders performing best, Jow-10Q
sixth-graders next best, and second-graders worst. Modality was significant with
F 2,84y = 64.2, p <0 001, Comparisons showed that the auditory nonsuffix
yielded much higher pt:tz‘“fﬁmmnw than auditory suffix or visual conditions; how-
ever, there was no reliable difference between the visual presentation and audi-
tory suffix conditions. The main effect of Serial Positon was significapt, F
(4,168 = 927, p < 001, as was the Serial Position > Group interaction, F
(8.168) = 3.40, p < .001. Scheffé comparisons showed this interaction to result
from larger differences among the groups at the last four serial positions than for

10
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i & Visual
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FIG. 1. Mean number of errors for the five-itern lists.
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the initial position. A breakdown according to group showed that for the
second-graders, the auwditory nonsuffix condition differed from the visval condi-
tion at every serial position but the first. The sixth-grade and low-14) sixth-grade
groups were alike in showing significant differences between the suffix and
nonsuffix conditions at all serial positions but the first and differences between
the nonsuffix and visual conditions only for positions 33,

The Serial Position » Modality interaction was significant with F (8,336) =
547, p < 001 Comparisons indicated that the suffix and visual conditions were
virtually coincident at every serial position but that both were significantly dif-
ferent from the nonsuffix condition at every position but the first. The amount of
this difference increased abmost linearly with w‘z*i”x% p{‘mii(m

The Group x Modality interaction, F (4,84) = 3.08, p < 025, was found to
be due 1o systematic differences in the size of the o udm lity and suffix effects over
the three groups. The suffix and visual conditions again can best be described as
nearly coincident but both were significantly different from the nonsuffix audi-
tory condition for all three groups. The interaction results from the difference
Berween the equivalent suffix and visual conditions on the one hand and the
nonsuffix condition on the other hand being greater for the second-graders than
for the low-1Q sixth-graders, which in turn was greater than the difference for the
sixth-graders. This hmimgz will be referred to again after discussion of the 7-item
tists. The Serial Position * Modality < Group mluaumm was thc: only nonsig-
nificant interaction found mih the S-item data, F (16, 336) = .27, p > A

The data from the T-item lists are shown in Pzgﬁ 2. The drmiwm dwmrmmm
the significant main effects of Group (F (2,42) = 1792, p <« 1, Serial

B Auditory Suffix
& Auditory Non-Sutffix

. ® Visual
10 2nd Grade
o Low 10 Bth Grade
e . Gth Grade

MEAN NUMBER OF ERRORS
O = omow BB B <4 @ ©

12 3 4 % 6 7 %1 2 3 4 & 6 7 1 2 3 4 B B 7
BERIAL POSITION

FIG. 2. Mean number of ervors for the seven-item lists.
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Position {F (6,252) = 123,67, p < 001}, and Modality (F (2,84} = 33,90, p <
A01). Again Scheffe comparisons showed the second-graders to perform worse
than the low-10) mm?'&wﬁmaim‘w who performed worse than the sixth-graders. And,
as with the S-item lists, the auditory suffix did not reliably differ from the visual
condition but both were significantly different from the nonsuffix condition. The
only significant interactions were the Serial Position x Modality, F (12,504) -
13,02, p < 001, and the Serial Position x Modality % Group, F (24,504) =
288, p o< 001,

Since the triple interaction was significant, separate ANOVAs were per
formed on the data of each of the three W%w t groups. For ﬂw %&“é”ﬁ”idwgf'zid@i”ﬂ*
the effect of Modality was significant, F (2,28) m . ‘wim tim
auditory nonsuffix condition being %imﬂfxmm v eliff
and visual eatments, but these latter two means not hmm Wlmhii% dmmmu
Since the Sertal Position > Modality interaction was significant for the second-
graders, F (12.168) = 2.37, p =T 05, and the previous suffix effect findings
have been constrained to the last 1 or 2 serial positions, post hoc tests were
performed between the means of the modality conditions at each of the 7 serial
positions. There was only one mean difference that was significant and that was
between the auditory nonsuffix and visual conditions on the very first serial
position, An ANOVA of just the positions 2-7 for the second-graders %hmw ol
that the main effect of Muemm\ was still significant, F (2,28 = 7.0, P < (01,
even though the first position had Ezwzx eliminated and at no single seri ipgmzwn
did the modality conditions differ. The Serial Position X Modality interaction
was not significant in this latter analysis of position: 2-7, F (10,140} = .24, p

05, indicating that there was a general deteriorating effect of suffix and visual
presentation over nearly the entire st when compared with the nonsuffix condi-
tion.

Inspection of the two right panels in Fig. 2 shows, and ANOV A and post hoo
analysis corroborated, that the effects of modality were confined to the final one
or two positions for the low-1Q sixth- and sixth-graders. The Sm‘%zﬂ Position x

s

Modality interactions were highly ﬁigr‘;ifﬁmut with £ (12, 168) = 8.0, p < 001,
for the low-1Q sinth-graders and F (12,168) = 8.33, p <= 001, tm the sixth-

graders. Individual comparisons :;hmws:d this to result from no difference be-
tween the suffix and visual conditions at any position and differences between
these two conditions and the nonsuffix condition at only the Tast position or two.
One final analysis of the data was 10 calculate difference scores by subtracting
the auditory nonsuffix group mean from the averaged suffix and visoal group
means (Overall & Woodward, 1975). This was done for each of the three groups
at each of the two list lengths. Since the auditory suffix and visual conditions
were virtually coincident at every point it seems valid to assume that these two
conditions are alike in having none of the recall come from the Prelinguistic
Auditory Store and that the difference between either or both of these conditions
and the auditory nonsuffix condition would represent the contribution of the PAS
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to the nonsuffix recall. That is, this difference score should give us a fairly
accurate index of the proportion of recall after standard auditory presentation that
comes from the PAS. As can be seen in Fig. 3, there is a systematic decrease in
the difference score over the three groups for the 5-item list which reflects the
significant Groups X Modality interaction for that list length. It can also be seen
that the difference scores for the 7-item Hats did not show such a decrease over
the groups and, indeed, might be best described as a flat function.

DISCUSSION

Crowder and Morton (1969) propose that the redundant auditory suffix elimi-
nates the remnants of the auditory trace and makes the recall of the list followed
by the suffix identical to the recall of a list of visually presented items. The
present data support that contention since the auditory suffix and visual condi-
tions were virtually identical on every test. In other words, from the present data,

w—m 5 [tem Lists
o——® 1 ltem Lists

DIFFERENCE SCORE

2 L6 6
GROUP

FIG. 4, Difference score caloulated by subtracting the auditory nonsuffix mean from the combi-
nation visual and auditory suffix mean for each group. ‘
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onditions
short-term store while performance
in the auditory nonsutfix condition rf*wmwm the contribution from :m Prelin-
guistic Auditory Store in addition to recall from the short-term store ® With this
i mindl, the data from Fig. 3, Le., the difference scores between the ave
suffix-visual means and the nonsu HM means, suggest that there 15 a s
decrease in the contribution of PAS for the S-item lists over the thre
from second-graders 1o low-1Q) sixth-graders to sixth-graders.
Whether this (s a rmuh of the PAS capacity being unequal for the three groups
or simply different degrees of reliance on a store of the same capacity is not
answered by the data. Morrison, Holmes, and Haith (1974) have argued that
individual differences in performance on visual sensory store tasks reflect differ-
ences in the way information is read out of the visual store and not basic capacity
or “hardware’” differences. Thus, it probably is safer and more parsimaonious 1o
assume that the developmental trends obse re reflect differential use of or
read out from the auditory store rather t%hm differential store capacity.
One potential concern in the interpretation of the group differences in modality
and suffix effects is whether the differences result from the simple fact that
MEmory span H‘"m:i“z‘*;wm in size from second- to low-1Q) sinth- to sixth-grade
That is, it might be argued that the ditfer for the S-item lists
> over groups simply because the number of errors for the older subjects
is 5o small in the three conditions. This thesis might be defensible if we only
consider the S-item data. However, this argument makes certain predictions
about the 7-item lists that are not borne out by the data. If the only difference
between the difference data for the second-graders and the sixth-graders on the
S-ttern lists is one of simple memory span then the sixth-graders should show a
larger ditference score on the 7-itern list than they do on the S-item lists, and the
difference scores for their 7-item data should approach %m{ of the second-grac
on the 5-item lists. That is, if the S-item curve from Fig. 3 is duoe to floor effects
then the 7-item curve should either show an increase over groups sirailar to the
drop for the S-item curve or a flat function but at the same level as the second.
grade S-itern list data. Which one of these two 7-item functions should be found
depends on what we assume that the effect would be on the second-graders of
trying to remermber lists that exceed the memory span by several items. Regard-
less, the difference score for the sixtlegrade group should be higher for the
7-item lists than for the 5-item lists if the boundary effects explanation is to hold.
While this finding was not obtained, thus arguing against the boundary explana-
tion, more gmpirical treatment of floor and ceiling effects is required before firm
conclusions can be drawn.

But, assuming the difference data are not due to boundary effects, then it

it can be argued that performance in either the auditory suffix or visual
represents only recall from the longe i

e groups

“This generalization may only hold for serial recall of short lists of digits since Engle (1974)
showed this not to be the case with free and serial recall of 12-word lists,
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remains nec hy %‘2 e S-item data are so different from the 7-ttem
data for the i wers, One explanation, whose validity
parsimony will im ¢ to be proven with future research, 1s that, indeed, the
contribute more to the total recall of the second-graders in the mamasﬁ
fix condition but this is only true if the list ley
amount the child’s memory span. If the list is
by more than one its, then the i%??:@ :
wtal immediate recall. This could be due o chay
out the iiwm from the sensory store with char
}%

n Hist lengt % iwx Mdm%ﬂ
Hw ie;-‘“m‘ximi EM items wm 0 the E“’A% and o

der mm or E%mn im %ifmw i iwm wm i(mgg{m Emm A» the ¢ HM develops
and becomes more sophisticated in rehearsal and memorizing and increases his

memory span he may place less importance on the terminal ttems and more on

am mﬁ j

those in the primacy positions. Tt could also be that the child leams the funility of
relying on the PAS { atl since Engle and Mobley (1976) have argued that

ihis leads 1o poorer long-term memory performance than does recall after visual
presentation.
Another potential gnation is derived from Huttenlocher and Burke's

19763 recent paper on the development of memory span. They argue that the
developmental increase in memory span 15 due to the child’s increasing abdlity 1o
assign positions to incoming ftems. They suggest that a young child may be able
o assign positions to the first and second items, but not to the third, fourth, et
although he could again encode the position of the last few ttems. If, as Penney
(1975} suggests, auditory presentation leads to much better retention of order
information than does visual presentation, and the Huttenloc and Burke
(1976) theory 15 only true or more true with auditory presentation, then the
present data might be explained in this framework, The vounger child might be
relying on the PAS for order information a great deal more than would the older
child, 1t may be that with the longer lists the child i1s not capable of using the PAS
information properly.

A problem for both explanations considered here is the serial position data for
the second-graders and the 7-item lists, The suffix and modality effects were
spread over nearly the entire list and, in fact, were larger on the very first serial
position. It may be that, as Crowder and Morton (1969) suggest, the suffix
makes the List functionally one tem longer. The voung child might adopt the

strategy of just giving up attempts at trying to remember the list when the list too
greatly exceeds the memory span while the older child might continue rehearsal,

even with supraspan lists,

Some mention should be made here of the MA, CA, and I} variables.
Bavumeister (1974) found that low- 10} sixth-graders had lower memory thresholds
than normal second- and sixth-graders, He also argued that bis low-1Q subjects
relied more heavily on the acoustic storage systern than the normal subjects, The
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study shows no clear effect of MA, CA, or IQ in either level of recall or
of modality and saffix—nonsuffix. The two studies are, of course,
very mm» it i methodology, but the present data argue for an interaction
between MA and CUA since the low-1Q subjects fell midway between the
second-graders and sixth-graders on all indices.
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