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THE INFLUENCE OF ACOUSTIC AND SEMANTIC 

FOR WORD SEQUENCES 
SIMILARITY ON LONG-TERM MEMORY 

BY 

A. D. BADDELEY 
From the Medical Research Coumcil, Applied Psychology Research Unit, Cambridge 

It has been shown that short-term memory (STM) for word sequences is grossly 
impaired when acoustically similar words are used, but is relatively unaffected by 
semantic similarity. This study tests the hypothesis that  long-term memory (LTM) 
will be similarly affected. I n  Experiment I subjects attempted to learn one of four lists 
of 10 words. The lists comprised either acoustically or semantically similar words (A and 
C) or control words of equal frequency (B and D). Lists were learned for four trials, 
after which subjects spent 20 min. on a task involving immediate memory for digits. 
They were then asked to recall the word list. The acoustically similar list was learned 
relatively slowly, but unlike the other three lists showed no forgetting. Experiment I1 
showed that this latter paradox can be explained by assuming the learning score to depend 
on both LTM and STM, whereas the subsequent retest depends only on LTM. 
Experiment I11 repeats Experiment I but attempts to minimize the effects of STM during 
learning by interposing a task to prevent rehearsal between the presentation and testing 
of the word sequences. Unlike STM, LTM proved to be impaired by semantic similarity 
but not by acoustic similarity. It is concluded that STM and LTM employ different 
coding systems. 

INTRODUCTION 
There has, until recently, been a tendency for short-term memory (STM), 

involving the retention of material over a period of seconds, to be studied using 
different techniques and concepts from those used to study long-term memory 
(LTM). The growth of interest in STM has recently changed this and produced the 
suggestion that LTM and STM lie on a single continuum and can be explained most 
economically in terms of one theoretical framework, that of interference theory 
(Keppel and Underwood, 1962 ; Melton, 1963; Postman, 1964). 

Unfortunately, because of the difference in techniques traditionally used in the 
two areas, it is impossible to decide on the basis of the existing evidence just how 
similar LTM and STM really are. This decision can only be made when equivalent 
experiments are done in LTM and STM. One such attempt was that of Keppel 
and Underwood (1962), who used the technique developed by Peterson and Peterson 
(1959), in which a single verbal item is presented once followed first by an interpolated 
task designed to prevent rehearsal, and then by a retention test. Keppel and 
Underwood showed a decline in performance with successive stimuli, closely 
analogous to  the phenomenon of pro-active inhibition (PI) in LTM (Underwood, 
1949a). Subsequent studies have confirmed that an effect occurs, but suggest that 
it differs from the classical PI effect in a number of important respects. Loess 
(1964) confirmed that the first item of a series was best retained, but found no 
difference between the second and subsequent items, in direct contrast to the 
gradual build up of PI shown in LTM studies. A second prediction from LTM, 
that PI increases with length of interval between successive presentations was tested 
by Peterson and Gentile (1965), who found the opposite to be the case. Finally, a 
recent study by Conrad (1966) has shown that the nature of the intrusion errors 
shorn in this situation is inconsistent with Keppel and Underwood’s hypothesis 
namely that the forgetting shown is attributable to PI from previous items. 
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A further attempt to demonstrate classical LTM effects in STM was made by 

Baddeley and Dale (1966) in a study using paired-associate learning. Here a 
classical retro-active inhibition paridigm was used; in this the experimental group 
first learns A-B, then A'-C and is then retested on A-B, and traditionally shows 
poorer retention than the control group which learns A-B, followed by D-C before 
being retested on A-B. In the Baddeley and Dale study, A and A' were adjectives 
with similar meanings and B, C and D were dissimilar adjectives. The LTM 
experiment showed the classical RI effect, more forgetting when the interpolated 
list was similar to the first list. In the equivalent STM study however, no such 
effect occurred. Pairs o f  adjectives were no more likely to be forgotten when 
followed by a pair with a similar stimulus than when followed by an unrelated pair. 

All the experiments described have been concerned with the question of whether 
classical LTM interference effects can be shown to occur in STM. The present study 
tries the opposite approach by taking a well-established phenomenon of STM and 
attempting to reproduce it in LTM. 

The phenomenon selected was that demonstrated by Conrad (1964), who sliuwed 
that items which are hard to discriminate when heard in noise are also hard to 
recall even though presented visually. A subsequent study by Baddeley (1966) 
of STM for word sequences showed that this was not a general similarity effect for 
although acoustic similarity led to a massive decrement in performance (72.5 per 
cent.), similarity of meaning had only a slight effect (6.3 per cent). Experiment I 
takes the material used in this study and attempts to produce a similar effect in LTM. 

EXPERIMENT I 
Method 

Four lists of 10 worcls were used based on the sets employed by Baddeley (1966). 
List A comprised 10 acoustically similar words (man, cab, can, cad, cap, mad, max, mat, 
cat, map) and List B 11. as a control list comprising acoustically relatively dissimilar words 
which were matched with List A for frequency of occurrence in the language using the 
Thorndike and Lorge (1944) nornis (pit, few, cow, pen, sup, bar, day, hot, rig, bun). 
List C comprised 10 semantically similar adjectives (great, large, big, huge, broad, long, 
tall, fat, wide, high), and List I), adjectives of equal frequency of occurrence but with 
dissimilar meanings served as a control list (good, huge, hot, safe, thin, deep, strong, foul, 
old, late). 

A separate group of subjects attempted to learn each of the four sequences using a 
learning procedure which was based as closely as possible on the technique employed in 
the previously described STM experiment (Baddeley, 1966). The words were presented 
by tape recorder a t  the rate of one per 3 sec. in the order given above,* and subjects were 
then allowed 40 sec. to write down in an answer booklet as much of the sequence as they 
could remember in the appropriate order. This procedure was repeated for a total 
of four trials, after which subjects spent 20 min. on an intervening task involving immedate 
memory for sequences of eight digits. They were then retested by being asked to write 
down as much of the 10-word list as they could in the appropriate order. Subjects were 
not warned in advance about the subsequent retest. As in the STM studies described 
previously, the relevant sets of words were written on cards which were visible throughout 
the experiment. This maximizes response availability and makes the test one of order 
rather than item learning. To prevent the use of position on the card as a cue, four cards 
were used, each with a different arrangement, and were frequently interchanged. 

I n  order to ensure that subjects were able to hear the words accurately, the learning 
session was preceded by a listening test in which the 10 relevant words were read out in 
random order and the subject was allowed 5 sec. per word to copy them. Three subjects, 
all from Condition A were discarded for failing to score perfectly on the listening test, 

* While this is a slower rate of presentation than that used in the STM study 
(Baddeley, 1966), a subsequent experiment had shown that this is not a crucial difference. 
At a 3 sec. rate the effect of acoustic similarity on STM was greater than that of semantic 
similarity for 18 of the 20 subjects tested. 
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leaving 18, 17, 20 and 20 subjects in Conditions A, B, C and 1> respectively. 
were young serviceiiien and they were tested in groups of approximately 20. 

The subjects 
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Results 
Performance was scored in terms of number of words reproduced in the appropriate 

position in the sequence and is shown in Figure I. Since scores were not normally 
distributed they were analysed using non-parametric tests. Comparisons between 
conditions were made using the Mann-Whitney Test, and the significance of 
forgetting was estimated by comparing Trial 4 with Recall Test scores using the 
Wilcoxon Test. Unless otherwise stated two-tailed tests were used. 

100- 

- 90 - 
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Learning and retention of 10-word sequences as a function of acoustic similarity (1) 
and semantic similarity (11). 

Acoustic similarity. The similar list was harder than the control list on Trial I 
( p  < 0.02). This difference was maintained throughout learning but was only 
marginally significant on Trial 4 (9 < 0.05, one-tail). There was no difference 
between the two conditions in number of words retained. Significant forgetting 
occurred in the control list (9 < 0.01) but not in the acoustically similar list. The 
difference between the two in amount of forgetting was significant (9 < 0.05). 

There were no significant differences between similar and 
control lists during learning or on the recall test. Both conditions showed a similar 
amount of forgetting and in both cases this was statistically significant ( p  < 0.02). 

There were no marked differences between the four 
conditions, all of which showed the typical bow-shaped curve (McGeoch and Irion, 

These results show therefore that the acoustically similar list differs from the other 
three lists in showing Iower performance on all the learning trials. Unlike the other 
lists it shows no forgetting, so that performance after retest does not differ among the 
four groups. First because in failing to 
show an effect of semantic similarity on LTM, it conflicts with previous experiments 
which have shown such an effect for both serial learning (Underwood and Goad, 
1951) and paired associate learning (Underwood, 1951 ; Baddeley and Dale, 1966). 

Semantic similarity. 

Serial position efects.  

1952). 

This result is puzzling for two reasons. 
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Secondly this result presents the paradox of a high level of performance being 
followed by a greater amount of forgetting than a low level, a result which is also 
in conflict with previous studies (Underwood, I949b, p. 527). 

One possible resolution of this paradox, however, is as follows : 
In interpreting Experiment I we have assumed that the learning score reflects 

the gradual increase in material committed to LTM. While LTM is almost certainly 
one determinant of the learning score, however, it is not necessarily the only one. 
Since this score is based on a test which immediately follows presentation of the list, 
it seems reasonable to suppose that it is also affected by material which is in STM. 
On the other hand, the retest 20 min. later seems likely to depend only on LTM. 
The diffwence between these two scores may thus be determined by the amount of 
material in STM, and the forgetting shown in Experiment I may simply reflect the 
loss of this material. The one condition which does not show this loss is the 
acoustically similar list. Since STM for this material is known to be very poor 
(Baddeley, 1966), it seems reasonable to suppose that subjects in this condition 
would rely on STM as little as possible, and would thus show less forgetting between 
Trial 4 and the retest. This explanation of the results was tested in Experiment 11. 

EXPERIMENT I1 
Peterson and Peterson (1959) have shown that when a subject is prevented from 

rehearsing by an intervening task, there is a rapid decay of material in STM. 
Experiment I1 attempts to wipe out the influence of STM during the learning phase 
by interposing such a task between each presentation and test of the list. The 
hypothesis outlined above would predict that the semantically similar list would 
then behave like the acoustically similar list in showing a lower learning score, but 
no forgetting, while the acoustically similar list should be relatively unaffected by 
this attempt to wipe out the effects of STM. 

EXPERIMENT I1 
Method 

The hypothesis was tested using two lists from Experiment I ,  the semantically similar 
and the acoustically similar. Each list was learned by three groups of subjects using one 
of the following procedures. (X) Learning and testing were as in Experiment I. ( Y )  
As in Experiment I except that  a second task was interposed between each presentation 
of the list and each test. (2) As in Y, except that  the second task was interposed between 
each test and the following presentation. This condition was intended as a control for 
any general distribution of practice effects, without acting as a specific STM control. 

The intervening task was that used to fill the 2 0  min. separating the learning phase 
from the subsequent retest in both Experiment I and the present study. I t  involved the 
presentation of sequences of eight random digits at a rate of one per sec. After each 
sequence the subject was allowed 8 sec. to write down as many of the digits as he could 
recall in the order prescnted. In  Condition Y and Z, each interposition comprised six 
eight-digit sequences. Apart from this, material and procedure were identical with 
Experiment I. 

Housewives from the A.P.R.U. subject panel served as subjects and were tested in 
groups of approximately 20. Six subjects were discarded for failing the listening test, 
all from groups given the acoustically similar list. In the acoustically similar conditions 
this left groups of 20, 25 and 23 for groups X, Y and 2 respectively, and groups of 17, 
26 and 20 for the equivalent Semantically similar conditions. 

Results 
The mean number of words reproduced in the correct position is shown in 

Figure 2. The results were analysed nonparametrically as in Experiment I. 
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FIGURE z 

0) 
Acoustic similarity loor 

0- 
I 2  3 4  Retest 
Trial No. 

(111 
Semantic similarity 

90 

0’ 
50 

40 

30 - ,‘ 0’ 
20- d 

‘ O L  0 1 2 3 4  Retest 

Trial No. 

Learning and retention of word sequences as a function of acoustic similarity (I), 
semantic similarity (11) and learning procedure. X = Standard procedure; Y = STM 
control between each presentation and test; Z = STM control between each test and the 
subsequent presentation. 

Acoustically similar list. The STM control had no significant effect on performance 
during either the learning or recall phases, and neither X nor Y showed a significant 
amount of forgetting between Trial 4 and the Recall Test. Group Z however showed 
a significantly higher level of performance on Trial I (9 < O-OZ), together with a 
significant amount of forgetting between Trial 4 and the Recall Test ( p  < 0.01). 
Apart from the Trial I score, however, none of the differences between the groups was 
statistically significant. 

The addition of an STM control reduced the learning 
score very considerably, the difference between X and Y was statistically highly 
significant on Trial I ( p  < O*OOI) and was still present on Trial 4 ( p  < 0.02). As in 
Experiment I the straightforward semantically similar condition showed significant 
forgetting between Trial 4 and the Recall Test ( p  < 0.05). This was significantly 
greater than the negligible loss shown by the STM control condition ( p  < o - o ~ ) ,  the 
actual amount retained not being significantly different. Condition 2 did not differ 
significantly from X at  any point. There was significant forgetting in this condition 
( p  < 0.05) but the amount retained was significantly greater than in Condition Y 

It seems clear from these results that the conventional testing procedure 
confounds the effects of LTM and STM during the learning phase,.and that this in 
turn may influence the subsequent recall score. This is particularly true using the 
present technique in which the subject can see his responses throughout the recall 
phase since this may help to transfer them from STM to LTM. 

Performance in the Y Conditions suggests that it is possible to eliminate or a t  
least minimize this STM effect, while the 2 Conditions, where STM is if anything 
encouraged, show that the STM control has a specific effect which is not simply the 
result of distributed practice. 

Experiment I1 suggests then that conventional testing procedures cannot be 
expected to  give a satisfactory answer to  our original question of the relative 

Semantically similar list. 

(9 < 0.02). 
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LONG-TERM M E M O R Y  A N D  S I M I L A R I T Y  307 
importance of semantic and acoustic factors in LTM. Neither, however, does 
Experiment I1 itself since the appropriate control groups were not included. A third 
experiment was therefore performed using the STM control technique explored in 
Experiment I1 and the four lists from Experiment I. Finally, to eliminate any 
complication due to mishearing, visual presentation was used. 

EXPERIMENT I11 
Method 

A separate group of subjects learned each of the four lists used in Experiment I. 
As in Condition Y of Experiment 11, however, each presentation of the list was followed 
immediately by a task involving STM for six sequences of eight digits. Words were 
presented by slide projector, they were visible for 3 sec. and the slide changeover time was 
approximately z sec. The intervening digit sequences were read out at a I sec. rate and 
subjects were allowed 8 sec. to write out each sequence. They were then allowed I min. 
to write out the 10-word sequence. 

After four trials subjects performed a task involving 15 min. of self-paced digit 
copying. They then attempted to recall the word sequence. As in the previous experi- 
ments the relevant words were visible during learning, testing and the retest. 

The 
acoustically similar list (A) was learned by 15 subjects, its control list (B) by 20, the 
semantically similar list (C) by 16 and its control (D) by Z I  subjects. 

Results 

Mixed groups of men and women from the A.P.R.U. subject panel were tested. 

Performance on the four lists is shown in Figure 3. 

FIGURE 3 
(1) (IJ) 

Acoustic similarity i o o r  Semantic similarity 
i w r  

Y 
C 

Similar list 

- -0 0 - - -  
/ 

/ 

30 k l l , l ,  , , 
I 2 3 4  Retest I 2 3 4  Retest 

0 

Trial No. Trial No. 

Learning and retention of word sequences as a function of acoustic similarity (I) and 
semantic similarity (11) with STM controlled. 

Acoustic similarity. There was a tendency for the similar list to be harder during 
early learning, though this was statistically significant only on Trial z ( p  < 0.05). 
and was reversed by Trial 4. Neither group showed any evidence of forgetting 
between Test 4 and the retest when performance on the acoustically similar list was 
not significantly different from the control list. 

Semantic similarity. Although there was little difference on Trial I, the 
semantically similar list showed slower learning, so that by Trial 4 scores were 
significantly higher on List D than List C ( p  < 0.005). Neither list showed any 
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forgetting and on the retest, performance on the semantically similar list was still 
reliably poorer than on the control list ($ < 0.005). 

DISCUSSION 
The results of Experiment 111 indicate that the learning of word sequences was 

impaired by semantic similarity, and that in all groups what was learned was retained 
for a t  least 15min. Together with the results of the previous experiments this 
suggests that LTM may be based either on the meanings of the words in the message 
or else on the sound of the words. This latter strategy, however, seems to involve 
an intermediate stage at  which the material is in STM. This influence of STM is 
indicated both by higher scores during learning than are found on retest using the 
standard procedure, and by the difficulty of learning the list of semantically similar 
words when the influence of STM is minimized in the modified procedure used in 
Experiment 111. It seems then that whereas STM-relies very largely on acoustic 
coding and is relatively unaffected by the semantic content of the message to be 
stored (Conrad, 1964; Baddeley, 1966), LTM uses semantic coding extensively 
(Underwood, 1951; Underwood and Goad, 1951; Baddeley and Dale, 1966), though 
not exclusively. The message may be learned on the basis of acoustic coding as in 
Experiment I, though in this case STM plays an important role, as is shown in 
Experiments I1 and 111. This conclusion is supported by the results of Anderson 
(1965), who has performed a parallel series of experiments on the learning and 
retention of letter sequences. As in Experiment I she finds that an acoustically 
similar sequence shows poorer learning but better retention than a control sequence, 
and as in Experiment I11 this difference disappears when an STM control is used. 

I t  seems clear then that the extreme vulnerability of STM to the effects of 
acoustic similarity is not shared by LTM. On the other hand Experiment 111 
agrees with Underwood (1951) and Underwood and Goad (1951) in suggesting that 
LTM i s  affected by semantic similarity in the learning stage, and with Underwood 
(1951) in finding no effect of semantic similarity on forgetting. 

The effect of the STM control in both this study and Anderson’s emphasises the 
role that STM may play in LTM experiments. The probable interaction of STM and 
LTM has been discussed by Murdock (1963, though the intentional use of an STM 
control to isolate LTM effects does not appear to be common practice. 

The experiments described have shown that material which is difficult for STM 
is not necessarily difficult when used in an LTM study, for while in STM acoustic 
cues appear to be of crucial importance, in LTM semantic cues may be used instead. 
What constitutes the crucial difference between LTM and STM, whether time in 
store, number of repetitions or the coding system employed, however, remains to be 
seen. 
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