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Effects of word frequency and age of acquisition
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The experiments reported examine the effects oftwo highly related variables, word frequency and
age of acquisition, on short-term memory span. Short-term memory span and speech rate were mea
sured for sets of words which independently manipulated frequency and age of acquisition. It was
found that frequency had a considerable effect on short-term memory span, which was not mediated
by speech rate differences-although frequency did affect speech rate in one experiment. For age
of acquisition, this situation was reversed; there was a small but significant effect of age of acquisi
tion on speech rate, but no effect on memory span. This occurred despite results confirming that the
stimuli used in the experiments produce an effect of age of acquisition on word naming. The results
are discussed in terms of a two-component view of performance on short-term memory tasks.

In recent years, there has been intense interest in the
effects of the age at which words are acquired on cogni
tive processes in adults. Age of acquisition has been
shown to have effects on a variety of cognitive processes
such as word and picture naming (see, e.g., Gilhooly &
Logie, 1981a, 1981b; Lachmann, Shaffer, & Hennrikus,
1974; Morrison, Ellis, & Quinlan, 1992). However, age
of acquisition is highly correlated with word frequency,
which also appears to have pervasive effects on cognitive
processes. A major question, therefore, is to separate the
effects of these two variables in order to understand how
they exert their influences. The experiments reported in
this paper aim to clarify whether these two variables af
fect short-term memory span, and if so, in what way.

It is known that verbal short-term memory tasks de
pend critically on phonological or articulatory coding
(see Baddeley, 1986, and Penney, 1989, for reviews).
Trace decay models of short-term memory assume that
items are represented by traces that decay within a fixed
period of time unless they can be refreshed by rehearsal,
a process considered similar to the subvocal articulation
of the items (Baddeley & Hitch, 1974; Schweickert &
Boruff, 1986). One simple model of this type is em
bodied in the notion ofan articulatory loop developed by
Baddeley and his colleagues (e.g., Baddeley & Hitch,
1974; Baddeley, Lewis, & Vallar, 1984). The idea of an
articulatory loop provides an explanation ofa wide range
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of data on short-term memory. In particular, the word
length effect (Baddeley, Thomson, & Buchanan, 1975),
the finding that subjects can recall more short than long
words in correct order, can be explained in terms oflong
words being spoken, and so rehearsed, more slowly than
short words. The fact that articulatory suppression (re
peating aloud an irrelevant word) reduces short-term
memory span (Murray, 1968) is considered to occur be
cause it blocks rehearsal so that items decay from the
store because they cannot be refreshed.

A number of studies, however, have shown an effect
ofword frequency on short-term memory tasks, and this
is difficult to explain in terms of trace decay models.
Watkins (1977) found that memory span scores were
higher when the first half of the list comprised high
frequency words and the second half low-frequency
words than when this arrangement was reversed. He ar
gued that the greater effect of frequency in the initial
part of the list supported the notion that items early in
the sequence were recalled from long-term memory,
whereas later items were retrieved from short-term
memory and consequently were not affected by word
frequency.

Wright (1979), however, showed that low-frequency
words took longer to articulate than high-frequency
words, even when they were equated for the number of
letters. He went on to demonstrate how this difference
in spoken duration could explain the pattern in Watkins's
(1977) data through the longer duration of low
frequency words' allowing either greater decay or fewer
rehearsals before recall. These explanations, therefore,
are compatible with frequency having an effect on how
quickly words can be rehearsed in the articulatory loop
and require no direct contribution from long-term mem-
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ory to explain the frequency effect on short-term mem
ory span.

However, Tehan and Humphreys (1988) measured
how long it took subjects to read lists of words aloud.
They found that high-frequency words were read more
quickly than low-frequency words, even when they were
equated for spoken duration. Gregg, Freedman, and
Smith (1989) reported the same finding when the mea
sure of rehearsal speed was the time taken to repeat
triplets of words 10 times.

Both Tehan and Humphreys (1988) and Gregg et al.
(1989) found differences in rehearsal rate for high- and
low-frequency words and a corresponding difference in
short-term memory span. However, they also found that
the difference in memory span for high- and low
frequency words did not disappear under articulatory
suppression. This suggests that the effect of frequency
on short-term memory span is not due to the operation
of the articulatory loop, since suppression is presumed
to prevent its operation.

More recently, Roodenrys, Hulme, Schweickert, and
Brown (1994), using a different methodology, have also
shown that memory span is influenced by word fre
quency independently of any effect of frequency on ar
ticulation. When memory span scores are adjusted to
partial out any effect of speech rate between high- and
low-frequency words, memory span remains higher for
high-frequency words. They argued that retrieval ofpar
tially decayed traces from a short-term phonological
store is facilitated by the availability of information
about the phonological form of words stored in long
term memory. This lexical information is automatically
retrieved and used to perform pattern completion on the
decayed memory traces. This explanation is consistent
with findings that memory span is greater for words than
fornonwords (Hulme, Maughan, & Brown, 1991). How
ever, none of the experiments examining the effects of
word frequency on short-term memory have controlled
for the effects of age of acquisition. It is possible, there
fore, that the effects obtained might reflect the effects of
age of acquisition rather than frequency per se.

It has in fact been suggested that many apparent ef
fects of word frequency on cognitive processes are due
to age of acquisition rather than frequency. A review of
the literature by Gilhooly and Watson (1981) suggests
that age of acquisition effects are most marked in word
production rather than word recognition tasks. In par
ticular, a significant effect of age ofacquisition has been
observed in picture naming, category instance naming,
word naming, anagram solving, and word completion.

Since short-term memory span appears to be largely
determined by speech-related factors and age of acqui
sition appears to influence some speech-related pro
cesses, it seems likely that age of acquisition will affect
short-term memory span. Until now, we have attributed
the frequency effect on memory span that has not been
mediated by speech rate to processes involved in access
ing long-term memory representations ofthe phonologi-

cal form of words. In particular, we have suggested that
these processes are very similar to those involved in
speech perception and production. However, given the
high correlation between frequency and age of acquisi
tion, it is possible that the effect that we have observed
is due to age of acquisition rather than frequency, be
cause age of acquisition was uncontrolled in these ex
periments. It is clearly important to establish whether
frequency, age of acquisition, or both have an effect on
short-term memory span. The first experiment was de
signed to clarify this issue.

EXPERIMENT 1

The first experiment was designed to examine the ef
fects of frequency and age of acquisition on memory
span independently. We selected two sets of words
matched on word frequency and concreteness but dif
fering in age ofacquisition. We also selected two sets of
words matched on age of acquisition and concreteness
but differing in frequency. In addition to memory span,
speech rate was also assessed for the different word
pools in order to determine whether any effects observed
on memory span could be attributed to differences in re
hearsal rate.

Method
SUbjects. The subjects were 24 undergraduate students at the

University of York.
Materials. Two sets of eight words were selected. They were

matched for length, number of phonemes, and age of acquisition,
according to the norms of Gilhooly and Logie (1980), but they var
ied in frequency. The high-frequency set comprised words with a
spoken frequency of 80 or more according to the norms of Brown
(1984); the low-frequency set comprised words with a frequency
of 10 or less.

Two sets of eight words matched on length and frequency but
varying in age of acquisition, according to the norms of Gilhooly
and Logie (1980), were also selected. The high age of acquisition
set comprised words with a rating of 4.36 or higher; the low age
of acquisition set comprised words with a rating of3.39 or less. A
rating of3 indicates that the word is learned at 5 or 6 years of age;
a rating of 4 indicates that the word is learned at 7 or 8 years of
age. The sets were also matched for rated concreteness (Quinlan,
1992), and an attempt was made to avoid phonological or seman
tic similarities within the lists. The words, with their mean fre
quencies, age of acquisition, and concreteness ratings, are given
in the Appendix.

Procedure. The experiment was conducted in a single session
of approximately 35 min. All the tasks in the experiment were con
trolled by a Macintosh SE/30; an external amplified speaker was
used to present the previously recorded and digitized items, which
were spoken in a female voice (see Cox, Hulme, & Brown, 1992).
Each subject completed a memory span procedure and speech rate
measurement for each of the four conditions. The order of testing
of the four conditions was counterbalanced across subjects.

In each condition, the subjects were initially presented with
each word individually and were asked to repeat the item to check
the item's audibility. To measure memory span, the subjects were
presented with lists of words drawn randomly without replacement
from the pool of eight items, at a rate of one item per second. The
subjects were presented with four lists of items at each sequence
length, beginning with three items. All subjects successfully re-
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Table 1
Mean Span Scores and Speech Rates (Words/Second)

From Experiment 1

Results
The mean memory spans and speech rates for each set

of words are shown in Table 1. The data show a highly
significant effect offrequency on memory span [t(23) =
3.939,p < .001, two-tailed], but no effect on speech rate
[t(23) = 0.226, n.s.]. For age of acquisition, the pattern
is reversed, with a small but highly significant effect on
speech rate [t(23) = 4.719,p < .001, two-tailed], but no
significant effect on memory span [t(23) = 1.032, n.s.].

called all the initial lists in all conditions. The length of the lists
was increased by one item each time until the subject made errors
on 3 or 4 of the lists at a given length. Memory span was calcu
lated as the list length to which the subject had maintained error
free performance, plus one quarter of a point for each subsequent
list recalled correctly.

Following the memory span tasks, the subjects' speech rates
were measured. For each condition, the subjects were presented
with the eight items from that condition one at a time. The subjects
were instructed to repeat each word 10 times as quickly as possi
ble, and the time taken to do this was recorded. The mean of these
eight times was then transformed to items articulated per second.

Discussion
The results of this experiment show clearly that when

age ofacquisition and item length are controlled, a strong
effect of frequency on short-term memory span is ob
served. At the same time, it is apparent that when fre
quency and item length remain constant, there is no sig
nificant effect of age of acquisition on span. There is a
small, highly significant effect of age of acquisition on
speech rate, but this is not large enough to produce a re
liable effect on memory span.

The size of the speech rate difference on our high and
low age of acquisition words can be related to the size
of the difference in memory span expected, given the re
lationship between speech rate and memory span. In our
other studies relating memory span to speech rate for
words of different frequencies, we have also manipu
lated word length (Roodenrys et aI., 1994). These stud
ies have employed procedures identical to that in the pre
sent experiment. The slope of the regression function
relating memory span to speech rate in words per sec
ond in these studies varied between .67 and .75. On the
basis of these functions, the speech rate difference be
tween high and low age of acquisition words in this ex
periment of 0.19 words per second should result in a
span difference of .13 or .14; this fits perfectly with the
observed difference of .14 items in memory span be
tween our high and low age of acquisition words.

Method
Subjects. The subjects were 15 undergraduate students at the

University of York.
Materials. The four sets of eight words from Experiment I

were used in this experiment along with an additional 50 filler
words and 10 practice words. The filler words had approximately
the same distributions on frequency and age of acquisition as the
experimental words.

Procedure. The experiment was conducted in a single session
of approximately 10 min. A Macintosh computer was used to ran
domize and present the stimuli to the subjects. The subjects' re
sponses were recorded on audio tape for later analysis.

The subjects were informed that they would see a number of
words appearing on the screen in succession and that their task was
to read each word aloud as quickly as possible. They were then
presented with 92 trials. On the first 10 trials, practice items were
presented, and the remaining trials were presentations of the 32
experimental words and 50 filler words. The words were presented
in a different random order for each subject.

On each trial an asterisk appeared at the center of the screen
for 1 sec. This was immediately replaced by a word for 1.5 sec be
fore the screen went blank. There was a l-sec interval between
trials. When each item was presented, the computer generated a
tone that was recorded on the channel of the audio tape opposite
to the one used to record the subject's response. The tone was not
audible to the subject.

For each trial, the interval between the presentation of the item
and the beginning of the subject's response was measured by dig
itizing the tape recording of the trial using MacRecorder and ex-

Our data confirm our previous finding that frequency
has an effect on short-term memory span that is not me
diated by speech rate. In addition, for the first time, we
have shown that the frequency effect on short-term mem
ory span observed by ourselves and others (Gregg et aI.,
1989; Roodenrys et aI., 1994; Tehan & Humphreys, 1988)
is not merely a consequence of the related variable, age
of acquisition.

The finding that age of acquisition does not affect
short-term memory span seems somewhat surprising,
given the evidence, discussed above, that it affects per
formance in other tasks involving speech production,
such as naming speed. Given the intimate link between
short-term memory processes and speech production,
we thought it likely that age of acquisition would affect
short-term memory span. We will discuss the theoreti
cal implications ofthese results following Experiment 2.

The purpose of Experiment 2 was to confirm that the
words used in Experiment 1 differing in age of acquisi
tion do differ in naming speed. A number ofstudies have
reported effects of age of acquisition on word naming
speed when frequency and word length have been con
trolled (e.g., Brown & Watson, 1987; Gilhooly & Logie,
1981a, 1981b; Rubin, 1980). Ifwe can show such an ef
fect for the words used in Experiment 1, it will rule out
the possible objection that our failure to find a difference
in short-term memory span for these words arose from
a weak or inappropriate manipulation of age of acquisi
tion in that experiment.

EXPERIMENT 2

5.22 5.08
2.80 2.61

Age of
Acquisition

Low High

Frequency

Low High

5.33 5.86
3.44 3.43

Memoryspan
Speechrate
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Table 2
Mean Naming Latency Responses (in Milliseconds)

in Experiment 2

M

Low

SD

High

M SD

frequency does not have reliable effects on word nam
ing speed (Brown & Watson, 1987; Gilhooly & Logie,
1981a, 1981b), this does not appear to have been true
in this experiment.

Age of acquisition
Frequency

439
464

56
62

470 68
427 5\

EXPERIMENT 3

amining the visual waveform. Response latencies were measured
to the nearest millisecond.

Table 3
Mean Naming Latency Responses (in Milliseconds)

in Experiment 3

Discussion
The results of Experiment 2 are important in con

firming that the words used in Experiment 1 that dif
fered in age of acquisition also differ in how quickly
subjects can name them. Thus, the absence of an ef
fect of age of acquisition on short-term memory span
in Experiment 1 was not an artifact of an inappropri
ate selection of stimulus materials. In line with a num
ber of other studies (e.g., Brown & Watson, 1987;
Gilhooly & Logie, 1981a, 1981b; Rubin, 1980), we
have shown that age of acquisition has effects on word
naming that are not attributable to differences in word
frequency. At the same time, the data show an effect
of word frequency that is slightly weaker than the ef
fect of age of acquisition. Although some studies have
indicated that when age of acquisition is controlled

Results
The mean response latencies for each of the four sets

of words are shown in Table 2. These figures are based
on the responses ofall the subjects to all the target items,
with the exception of two occasions when the subject
coughed. The responses were analyzed across both sub
jects and items in paired 1tests. The results of the analy
sis by subjects showed significant effects of both fre
quency [1(14) = 4.04, p < .001, one-tailed] and age of
acquisition [1(14) = 5.33, p < .001, one-tailed]. The
analysis by items also showed significant effects ofboth
frequency [1(7) = 1.90, p < .05, one-tailed] and age of
acquisition [1(7) = 2.46, p < .05, one-tailed].

Because we were dealing with a very small sample
ofwords, in comparing the conditions we used the strin
gent quasi F ratio, which takes account simultaneously
of variability across subjects and items (Clark, 1973).
The analyses ofthe mean latencies shown in Table 3 re
vealed a significant effect ofage ofacquisition [F'(1,19)
= 4.53, p < .05], while the effect of frequency just
failed to reach significance [F' (1,20) = 3.95,p > .05].

Results
The mean response latencies for each of the four sets

of words are shown in Table 3. These figures are based
on the responses ofall the subjects to all the target items,
with the exception of nine occasions on which a subject
made an error in pronunciation. The responses were an
alyzed by subjects and by items in paired 1tests. The re
sults of the subjects analysis showed a significant effect
of age ofacquisition [1(23) = 5.75,p < .001, two-tailed];
the effect of frequency just failed to reach significance
[1(23) = -2.24,p > .05, two-tailed]. The items analysis
also showed a significant effect of age of acquisition
[1(13) = 2.60, p < .05, two-tailed], but the effect of fre-

The purpose of Experiment 3 was to test the general
ity of the results of the first two experiments by using
different, and slightly larger, sets of words. This exper
iment replicated both Experiments 1 and 2 within the
same group of subjects.

Method
Subjects. The subjects were 28 first-year psychology students

at the University of York who participated in compliance with a
course requirement.

Materials. Two sets of 14 words matched pairwise on length
(number of phonemes) and age of acquisition according to the
norms ofGilhooly and Logie (I 980) but varying in frequency were
selected. The high-frequency set comprised words with a spoken
frequency of34 or more according to the norms ofBrown (1984);
the low-frequency set comprised words with a frequency of 9 or
less. The sets were also matched on mean concreteness (Quinlan,
1992), number of letters, and number of syllables.

Two sets of 14 words matched pairwise on length (number of
phonemes) and frequency but varying in age of acquisition ac
cording to the norms of Gilhooly and Logie (1980) were also se
lected. The high age ofacquisition set comprised words with a rat
ing of 4.06 or higher; the low age of acquisition set comprised
words with a rating of 3.22 or less. The sets were also matched on
concreteness, number of letters, and number of syllables. For all
four sets, an attempt was made to avoid phonological or semantic
similarities within the lists. The words, with their mean frequen
cies, age ofacquisition, and concreteness ratings, are given in the
Appendix.

Procedure. The experiment was conducted in a single session
of approximately 50 min. The procedure was as described for Ex
periments 1 and 2, except where noted, with the subjects in this
experiment completing the naming task before the memory span
tasks.

In the naming task, subjects were presented with 66 trials. On
the first 10 trials, practice items were presented, and the remain
ing trials were presentations of the 56 experimental words. The
words were presented in a different random order for each subject.

All aspects of the memory span and speech rate tasks were as
described for Experiment 1, with the exception that the speech rate
task measured the speed of repeating seven pairs of words 10
times, rather than each of the words individually.

High

M SD

445 42
435 44

40
46

SD

Low

M

424
443

Age of acquisition
Frequency



Table 4
Mean Span Scores and Speech Rates (Words/Second)

From Experiment 3

Memory span
Speech rate

Frequency

Low High

5.35 5.73
3.26 3.38

Age of
Acquisition

Low High

5.20 5.24
3.20 3.13
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that the effect of frequency is larger with longer words
(Geffen & Luszcz, 1983; Wright, 1979). The words used
in Experiment 1wereall monosyllables,whereas the words
in Experiment 3 included a number of longer words. A
reasonable explanation, therefore, for the slight differ
ence in results between Experiments 1 and 3 is that dif
ferences in speech rate between high- and low-frequency
words are more marked for longer words.

GENERAL DISCUSSION
quency was not significant [t(13) = -0.84, P > .1, two
tailed].

Once again, because we were dealing with a small
sample of words, we used the stringent quasi F ratio,
which takes account simultaneously ofvariability across
subjects and items (Clark, 1973). The analyses of the
mean latencies shown in Table 3 revealed a significant
effect of age of acquisition [F'(1,34) = 4.15, P < .05],
while the effect of frequency was not significant
[F'(l,27) < 1].

The mean memory spans and speech rates for each set
of words are shown in Table 4. The data show a highly
significant effect offrequency on memory span [t(27) =
4.161, P < .001, two-tailed] and on speech rate [t(27) =
2.514,p < .05]. However, the effect ofage ofacquisition
on memory span was not significant [t(27) = -0.366,
n.s.], and the effect on speech rate just failed to reach
significance [t(27) = -1.907, p > .05, two-tailed].

Because word frequency showed an effect on speech
rate in this experiment, we could not be certain that there
was an effect on span above and beyond the effect one
would expect to arise from the difference in speech rate.
In order to determine that there was an effect of frequency
on memory span that was not mediated by speech rate, the
span scores were subjected to a one-way analysis of co
variance with speech rate as the covariate. This analysis
revealed a significant effect of frequency on memory
span when the effect on speech rate was partialled out
[F(1,26) = 11.45,p < .01].

Discussion
The results of this experiment replicated the impor

tant findings from Experiments 1 and 2. This experiment
again provided clear evidence that there is an effect of
frequency on short-term memory span that is not medi
ated by speech rate and is not due to the correlated vari
able age of acquisition.

The data from the naming task showing a clear effect
of age of acquisition suggest strongly that the absence
ofan effect ofage ofacquisition on short-term memory
span is not an artifact of the stimulus materials. These
data differ from those of Experiment 2 slightly, in that
they provide less evidence for an effect of frequency on
word naming.

The finding of a significant effect of frequency on
speech rate in Experiment 3 differs from the results of
Experiment 1. This difference is not entirely surprising,
since studies of the spoken duration ofwords have shown

Taken together, the results of our experiments reveal
an interesting dissociation between the effects of fre
quency and age ofacquisition. Word frequency had clear
effects on short-term memory span that are not attribut
able to age of acquisition and are not mediated by dif
ferences in speech rate. On the other hand, frequency
had only a weak effect, ifany, on word naming speed. In
contrast, age of acquisition was shown to affect word
naming speed, and perhaps speech rate, but it did not
have any significant effects on short-term memory span.
This dissociation shows very clearly that age ofacquisi
tion and frequency have different effects on language pro
cessing mechanisms. Let us consider the effects we ob
tained for naming speed and short-term memory in turn.

In Experiments 2 and 3, we found that age of acquisi
tion had reliable effects on naming speed while frequency
did not. Other researchers have shown that naming la
tency correlates more strongly with age of acquisition
than with word frequency (e.g., Rubin, 1980), and some
studies appear to show no independent effect offrequency
when age of acquisition is controlled (e.g., Brown & Wat
son, 1987; Gilhooly & Logie, 1981a, 198Ib). The results
reported here add weight to the argument that age of ac
quisition, rather than word frequency, affects word nam
ing performance. Attempting to explain all the findings
of frequency effects on word naming as an age ofacqui
sition artifact is clearly a contentious issue, and we would
not like to make strong claims in this respect from our
own data. The major point of the naming data reported,
for our present purposes, is that age of acquisition did
have a significant effect on naming latency in both ex
periments, as others have shown.

Theoretically, it appears that age ofacquisition has ef
fects on mechanisms responsible for speech production
(Brown & Watson, 1987; Gilhooly & Watson, 1981)
possibly on the speed of access to phonological repre
sentations stored in a speech output lexicon, or on the
speed with which those representations can be converted
into speech motor codes and executed as articulations.
Since in Experiment 1 we found that there was an effect
of age of acquisition on simply repeating a single word
and pairs of words, it seems that the effect may, at least
in part, be on the speed of execution of speech motor
programs. Given the close link between the rate at which
words can be articulated and how well they are remem
bered (see, e.g., Baddeley & Hitch, 1974; Schweickert
& Boruff, 1986), this certainly provides a mechanism by
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which age of acquisition could affect memory span.
However, the magnitude of this effect on speech rate ob
served in these experiments was simply too small to pro
duce a reliable effect on memory span. Typically exper
iments that have studied the relationship between speech
rate and short-term memory have manipulated the num
ber of syllables in the words used (Baddeley et al., 1975;
Hulme et al., 1991). This results in much larger differ
ences in speech rate than those observed between the
sets of words used in Experiment 1, which were matched
for the number of phonemes they contained.

What then, do the present experiments tell us about
the mechanisms underlying short-term memory span?
They provide another demonstration, carried out ac
cording to a different methodology, that frequency has a
direct effect on short-term memory processes that is not
mediated by speech rate. Tehan and Humphreys (1988)
and Gregg et a1. (1989) have demonstrated that effects
of word frequency on short-term memory span did not
disappear under articulatory suppression, as would be
expected if the effect of frequency were mediated en
tirely by speech rate. Roodenrys et al. (1994) have
shown that separate functions relate speech rate to mem
ory span for high- and low-frequency words, and that
partialling out variability in memory span scores asso
ciated with variability in speech rate does not remove the
frequency effect. In Experiment 1, we managed to equate
high- and low-frequency words on age ofacquisition and
also on speech rate. These sets of words, .however,
showed a highly significant effect on memory span, and
this provides a further demonstration that frequency has
a direct effect on short-term memory processes that is
independent of speech rate. In Experiment 3, we repli
cated this effect, although there was a small effect of
frequency on speech rate in this experiment.

We believe that the effect of word frequency on short
term memory processes that is not mediated by speech
rate is due to a long-term memory contribution to short
term memory tasks. We propose that when the partially
decayed trace of a word is retrieved from the phonolog
ical short-term store, it is automatically subjected to
some type of "clean-up" or pattern completion process.
These clean-up processes, we believe, depend on long
term memory representations of the phonological form
of words. We believe that the effect of frequency on
short-term memory span is due to differences in the
accessibility of these phonological representations in
long-term memory. We construe this process to be very
similar to the process of auditory word recognition, and
this process could be captured well by the notion ofauto
matic pattern completion in a connectionist network
responsible for speech perception (see Brown, 1990, and
Hulme et al., 1991, for further discussion of this idea).

In summary, our data show that frequency and age of
acquisition have separable effects on language process
ing mechanisms. Frequency has a direct effect on short
term memory span that is not mediated by speech rate.
We believe that this effect reflects processes operating

on the retrieval of information from a short-term phono
logical store that is subject to the loss of information by
decay. In contrast, age of acquisition affects the rate at
which words can be named and repeated. Although such
effects on speech rate might be expected to affect short
term memory span, the magnitude of these effects was
too small to produce reliable effects on memory span.
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Frequency

Age of
acquisition

Concreteness

Frequency

Age of
acquisition

Concreteness

APPENDIX
Stimulus Sets

Frequency Age of Acquisition

Low High Low High

Experiment 1

excuse moment danger review
howl place soldier column
win find upset latter
tap back autumn token
prayer year whisper discharge
plug money silence budget
aunt home learning factor
smoke school wonder extent

M SD M SD M SD M SD

3.75 2.9 l3l.75 54.0 4.63 6.35 4.63 6.35

2.61 0.43 2.62 0.41 3.04 0.31 4.96 0.42

462.0 99.9 458.6 110.8 383.6 104.6 379.6 88.3

Experiment 3

nod road net booth
bite book heat nerve
lady paper date tape
song room flock dusk
lap half crush plot
coal line plug flesh
cousin people heaven fraud
rubber coffee smile rent
pit case spell scheme
hive part mermaid circuit
surprise country stable priest
boast reason magic moral
border matter rope jade
pioneer degree holiday committee

M SD M SD M SD M SD

2.64 2.7 89.8 129.9 4.21 5.39 4.29 5.18

3.03 0.81 3.05 0.83 2.82 0.33 4.72 0.55

496.7 95.3 490.4 97.2 466.7 104.3 460.7 114.7
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