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ABSTRACT
Recent evidence suggests that phonological short-term memory (STM) tasks are influenced by both
lexical and sublexical factors inherent in the selection and construction of the stimuli to be recalled.
This study examined whether long-term memory (LTM) influences STM at a sublexical level by
investigating whether the frequency with which one-syllable nonwords occur in polysyllabic words
influences recall accuracy on two phonological STM tasks, nonword repetition and serial recall. The
results showed that recall accuracy increases when the stimuli to be recalled consist of one-syllable
nonwords that occur often in polysyllabic English words. This result is consistent with the notion
that LTM facilitates phonological STM at both a lexical and sublexical level. Implications for mod-
els of verbal STM are discussed.

Traditionally, short-term memory (STM) has been defined in relation to long-
term memory (LTM). Whereas STM both holds information temporarily and is
limited in capacity, LTM is neither limited in capacity nor temporally con-
strained. Recently, researchers have questioned the influence that LTM may
have on phonological STM performance (Baddeley, Gathercole, & Papagno,
1998; Dollaghan, Biber, & Campbell, 1993, 1995; Gathercole, Frankish, Picker-
ing, & Peaker, 1999; Hulme, Maughan, & Brown, 1991; Roodenrys, Hulme, &
Brown, 1993). In light of recent evidence suggesting that performance on pho-
nological STM tasks is influenced by phonological information stored in LTM,
the current research examines whether the frequency with which one-syllable
nonwords occur in polysyllabic English words influences recall accuracy on
phonological STM tasks.

One of the most commonly used measures of verbal STM ability is the imme-
diate serial recall (ISR) task. Immediately following the presentation of a se-
quence of items, a participant is required to recall the items in the correct order.

 2002 Cambridge University Press 0142-7164/02 $9.50
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However, researchers interested in investigating language acquisition in children
have used nonword repetition performance as a measure of verbal STM (Gather-
cole & Baddeley, 1989). When performing a nonword repetition task, partici-
pants are required to repeat a multisyllabic nonsense word back to the experi-
menter immediately after the nonword has been presented. The utility of the
nonword repetition task derives from experimental evidence in the areas of read-
ing, language development, and neuropsychology, which shows that individuals
who exhibit deficits in performance on nonword repetition tasks also display
performance deficits on conventional measures of STM (Baddeley, Papagno, &
Vallar, 1988; Baddeley & Wilson, 1993; Bisiacchi, Cipolotti, & Denes, 1989;
Gathercole, 1995b; Gathercole & Baddeley, 1990; Gathercole, Willis, Badde-
ley, & Emslie, 1994; Jorm, 1983; Wagner & Torgesen, 1987). The finding of a
relationship between nonword repetition performance and digit span, such that
as digit span increases nonword repetition accuracy increases, has also been
replicated in numerous studies (e.g., Gathercole & Adams, 1993, 1994; Gather-
cole, Hitch, Service, & Martin, 1997; Gathercole, Service, Hitch, Adams, &
Martin, 1999; Gathercole, Willis, & Baddeley, 1991; Metsala, 1999). Thus, con-
verging evidence suggests that verbal STM abilities can be gauged by employ-
ing either nonword repetition or ISR tasks (Gupta & MacWhinney, 1997).

In a study designed to investigate the role that long-term knowledge of pho-
nology may have in ISR, Hulme et al. (1991) found that participants were able
to recall familiar words more accurately than either Italian words (e.g., lago) or
nonwords with an English sound (e.g., maffow). This has been called the lexical-
ity effect and reflects a performance advantage when the stimuli employed are
words as compared to nonwords or unfamiliar words. These findings are consis-
tent with the idea that LTM influences STM. The term redintegration has been
used to describe the process by which, prior to output, incomplete phonological
traces held in STM are reconstructed (redintegrated) by using phonological rep-
resentations that are stored in LTM (Brown & Hulme, 1995; see also Schweik-
ert, 1993). According to this view, recall accuracy is lower for nonwords than
words because there is no stored representation available to assist in the recon-
struction of the partial trace (Hulme et al., 1991, 1997).

Although empirical results support the idea that nonword repetition is a good
predictor of reading development and vocabulary in both children (e.g., Gather-
cole, Willis, Emslie, & Baddeley, 1992; Service, 1992) and adults (e.g., Badde-
ley et al., 1988; Baddeley & Wilson, 1993), as yet, little is known about the
cognitive mechanisms that underlie repetition performance (Gathercole, 1995a).
In an attempt to measure the effect that linguistic familiarity may have on non-
word repetition accuracy, Gathercole, Willis, Emslie, and Baddeley (1991), ob-
tained subjective wordlikeness ratings of two-, four-, and five-syllable non-
words. They found that the more wordlike a nonword is rated, the more likely
it is to be recalled correctly. Called the wordlikeness effect, this finding has
been replicated in numerous studies (e.g., Gathercole, 1995a). The explanation
offered to account for the recall advantage on repetition tasks for nonwords
rated high, as compared to low, in wordlikeness is that phonological representa-
tions of nonwords rated high in wordlikeness are supplemented by stored lexical
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knowledge, whereas recall is not facilitated by this stored lexical knowledge
when nonwords are rated low in wordlikeness (Gathercole, 1995a).

However, Dollaghan et al. (1993, 1995) have suggested that the wordlikeness
effect could be attributed to the proportion or number of nonwords that contain
real English words. In an attempt to investigate this claim, Dollaghan et al.
(1993) constructed pairs of multisyllabic nonwords. The pairs differed only with
respect to one phoneme in the syllable that received primary stress. Thus, in
each pair, the syllable receiving primary stress was either a word (e.g., BATH-
esis), or a nonword (e.g., FATHesis). They found that when the stressed syllable
was lexical, as opposed to nonlexical, recall accuracy increased. Consistent with
Hulme et al.’s (1991) findings of a lexicality effect on tasks that employ words
as compared to nonwords, these results indicate that LTM does indeed influence
nonword repetition performance (Dollaghan et al., 1993). The idea proposed to
account for the influence of LTM on STM is that when stimuli are novel, as
compared to familiar, an individual has to rely more heavily on the phonological
loop (PL) component of working memory to support articulatory output (Badde-
ley et al., 1998). According to this view, if stored lexical knowledge is used to
supplement phonological working memory, then the recall of nonwords that are
subjectively rated as high in wordlikeness should have a stronger relationship
with digit span than the recall of nonwords rated low in wordlikeness. To date,
however, this issue has not been empirically addressed.

Given the performance advantage when the stimuli to be recalled consist of
lexical units, researchers of late have questioned whether sublexical factors such
as the phonotactics of the nonword stimuli also influence performance on such
tasks. Phonotactics is a term used to describe “the sequential arrangement of
phonetic segments in morphemes, syllables, and words” (Vitevitch & Luce,
1999, p. 374). Linguistic researchers have looked at the effect that various pho-
notactic constraints have on recall performance. For example, Kessler and Trei-
man (1997) found, using English syllables, that phonotactic constraints are
stronger on vowel–consonant (VC) couplings than on consonant–vowel (CV)
couplings. This finding is consistent with research indicating that when a recall
error does occur, the majority of consonant–vowel–consonant (CVC) syllables
retain the VC component (Treiman & Danis, 1988).

Researchers have also investigated the relationship between recall accuracy
and the probabilistic phonotactics of nonwords (i.e., the frequency with which
phonotactic segments and sequences occur in syllables and words; Vitevitch &
Luce, 1999). For example, Gathercole, Frankish, et al. (1999) employed non-
words with a CVC structure in an ISR task consisting of four conditions: words
and high, low, and very low probability nonwords. Not only was recall accuracy
better for words as compared to nonwords, but it was also better for nonwords
with a high, as compared to low, total biphone probability. Thus, when the
stimuli to be recalled are nonwords, as the total biphone probability of nonwords
increases, recall accuracy increases. Gathercole, Frankish, et al. (1999) also
compared recall accuracy on sets of words and nonwords that were matched on
total biphone probability. The results revealed that when the stimuli were
matched on total biphone probability, recall accuracy was better for lexical than



Applied Psycholinguistics 23:4 646
Nimmo & Roodenrys: Syllable frequency, nonword repetition, and serial recall

nonlexical stimuli. Based on these results, Gathercole, Frankish, et al. (1999)
proposed separate mechanisms to mediate the probabilistic phonotactic and lexi-
cality effects. However, caution should be exercised if one is to accept the claim
that separate mechanisms mediate sublexical and lexical effects on phonological
STM performance. For instance, the finding of a lexical influence in both the
ISR (e.g., Hulme et al., 1991; Roodenrys et al., 1993) and nonword repetition
tasks (e.g., Dollaghan et al., 1993, 1995), raises doubt as to whether phonologi-
cal memory can be separated from lexical operations (Dollaghan et al., 1995).

In a more recent study however, Roodenrys and Hinton (2002) found no
biphone frequency effect when the number of lexical neighbors of the stimuli
was controlled. In a follow-up experiment, Roodenrys and Hinton (2002) manip-
ulated neighborhood size while controlling biphone frequency. A significant
neighborhood size effect was observed. Based on these results, they suggested
that lexical, rather than sublexical, factors influence phonological STM perfor-
mance. However, these findings do not rule out the possibility that other sublexi-
cal factors influence phonological STM performance. For instance, better perfor-
mance on nonwords that sound more wordlike could be a direct result of the
frequency with which segments of the nonwords occur in the English language.
Before performance on phonological STM tasks can be attributed to the influence
of either lexical or sublexical factors, a more in-depth investigation of other su-
blexical factors that may influence recall accuracy must be conducted.

Based on current research investigating factors that may influence phonologi-
cal STM performance, the current experiment was specifically designed to di-
rectly test the claim that LTM also influences phonological STM at the sublexi-
cal level. This is accomplished by examining the effect that the frequency with
which one-syllable nonwords occur in polysyllabic English words has on recall
accuracy. This study examines these effects in both the nonword repetition and
serial recall tasks. On the basis of previous research, it is expected that a rela-
tionship should exist between recall accuracy on both the serial recall and repeti-
tion tasks and the digit span measure. It is also predicted that, regardless of the
recall technique employed, a participant’s performance should be better (i.e.,
fewer errors), when the stimuli to be recalled consist of syllables that occur
often, as opposed to rarely, in polysyllabic English words.

METHOD

Participants

Forty undergraduate psychology students (8 males, 32 females) from the Univer-
sity of Wollongong participant pool, with an age range of 17–56 years, partici-
pated in compliance with a course requirement. Only participants with an Aus-
tralian English accent and who also indicated having no prior problems with
hearing were included in the present study.

Stimuli

Syllable frequency counts for 160 one-syllable nonwords, all with a CVC struc-
ture, were obtained using the CELEX lexical database (Baayen, Piepenbrock, &
Van Rijn, 1993). CELEX has an English lexicon based on 17.7 million word
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tokens. The syllable frequency counts used in the current experiment were
words per million counts occurring in this database. Word form frequency was
used, which includes every occurrence of that particular syllable in the English
language (i.e., both speech and written forms). Based on these word form
counts, the overall frequency of a syllable’s occurrence in the English language
was calculated.

The stimuli selected for the current study had a syllable frequency count that
was either above 44 (i.e., high frequency syllable count, M = 403.68) or below
10 (i.e., low frequency syllable count, M = 2; see Appendixes A and B). For
nonwords with CVC structure, this translated into the top and bottom thirds of
the stimulus pool, respectively. The high and low nonword conditions differed
significantly from one another in syllable frequency (z = −10.9775, p < .05).
Syllables selected for the high and low frequency conditions were matched in
such a way that a similar number of phonemes from the same phonetic class
(e.g., n, n, and m phoneme sounds) occurred in each condition. For example,
affricates (i.e., the phoneme sounds t1, as in cheap and d^ as in jeep) occurred
a total of nine times in both the high- and low-frequency sets of stimuli. Follow-
ing from Dollaghan et al. (1995), this experiment used two trained listeners to
transcribe the stimuli from the audiocassette recording, using a broad phonetic
transcript with a percentage of agreement at 100% for the serial recall and
96.25% for the nonword repetition stimuli.

In the current experiment, each participant completed three tasks: digit span,
serial recall, and nonword repetition. Forty lists, each consisting of four one-
syllable nonwords were constructed such that the syllables presented were iden-
tical, regardless of task (i.e., serial recall or nonword repetition). Half of the
lists consisted of stimuli with high syllable frequency and the other half with
low. There were constraints placed on the construction of the stimuli such that
consonants were not repeated in the same position in a syllable for any list.
Also, where possible, vowels were not repeated in the same list. Last, for both
the high and low syllable frequency conditions, the number of times a phonemic
class occurred in any one position in a list was controlled for.

Using an Arista Cardioid dynamic microphone (model DM-904D) and a Ma-
rantz portable cassette recorder (model CP430), the stimuli were recorded in a
sound attenuated booth by a female speaker with an Australian English accent.
The stimuli for the digit span task consisted of the digits 1–9. Although the
same stimuli were used in the repetition and serial recall tasks, the recording of
the stimuli was not identical. The four one-syllable nonwords were recorded
separately for the serial recall task and as one continuous, four-syllable nonword
for the repetition task.

Each stimulus was randomly presented to participants through a Sony MDR
head set (model CD 250), with presentation controlled by a Macintosh com-
puter. While the order of the lists was randomized for each participant, stimuli
presentation within each list for the repetition and serial recall tasks did not vary
across positions. To counterbalance any practice effects, half of the participants
completed the serial recall task first and the other half the repetition task. In
order to control for the effects of fatigue, participants always completed the
digit span task between the two nonword recall tasks.
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Short-term phonological memory tasks

Digit span. Each digit was presented to participants at a rate of one/s. On each
trial, the participant heard a sequence of randomly generated digits and was
asked to repeat the sequence back to the experimenter in the correct serial order.
Presentation started with lists of three digits in length. Participants were given
one list at a time and asked to recall them as soon as the last digit was heard.
If a participant correctly recalled two consecutively presented lists of the same
length, testing continued with two lists that were increased in length by one
digit. If, however, a participant made an error when recalling one of the two
lists, a third list was presented. If a participant made an error on this list, testing
was discontinued. Span was scored as the maximum length at which a partici-
pant correctly recalled at least two lists. If a participant was able to correctly
recall one of the succeeding three lists that was presented, an extra half score
was recorded.

Serial recall. On each trial in the serial recall task, a participant heard four one-
syllable nonwords, presented at a rate of one/s. The task was to repeat these
nonwords back to the experimenter exactly as they were heard, after the last
item had been presented.

Nonword repetition. On each trial in the nonword repetition task, a participant
heard one four-syllable nonword. The participant’s task was to repeat the non-
word back to the experimenter exactly as it was heard.

Procedure

Each participant was tested individually in a single session, in a quiet room.
The number of lists correctly recalled at each length for the digit span task was
recorded on a response sheet. Recall accuracy for the nonword repetition and
serial recall tasks was also recorded on computer by the experimenter. Each
participant’s recall attempts for the serial recall and nonword repetition tasks
were recorded onto audiotapes. The audio recordings were later transcribed by
the same experimenter using a broad phonetic transcription. The time taken for
each participant to complete all three tasks was approximately 30 min.

Scoring

In the serial recall tasks, items were scored as correct only if the correct pho-
nemes were recalled in the positions in which they were presented. For the
nonword task, each syllable was scored as correct only if all three phonemes
were recalled correctly. Where the trained listeners heard a different target pho-
neme in any given stimulus, either phoneme was scored as correct when recalled
by a participant (Dollaghan et al., 1995). Whole syllables that were either omit-
ted by participants or were uninterpretable were scored as incorrect but not
included in the phoneme error analysis. When an error occurred, the retained
portion of the target syllables was recorded. In cases where multiple attempts
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Table 1. Means (M) and standard deviations
(SD) for three measures of short-term
memory scored in items correct (N)

Task M SD N

Serial recall 103.25 20.31 40
Nonword repetition 104.93 17.97 40
Digit span 6.83 0.93 40

were made to pronounce a nonword, the most complete and correct attempt was
scored.

Reliability

Tapes from five randomly selected subjects were transcribed and scored inde-
pendently by a research assistant who was trained in both broad phonetic tran-
scription and in the scoring rules used in the current study. Interrater reliability
scores for the serial recall (95.6%) and nonword repetition (92.5%) tasks were
obtained.

RESULTS

The following analyses present the correlations between digit span, nonword
repetition, and serial recall. Comparisons between performance on the nonword
recall tasks when the stimuli to be recalled occur often, as opposed to rarely, in
polysyllabic English words are also presented. Last, error analyses were per-
formed on the data to determine whether the nature of recall errors is related to
task type.

Phonological STM tasks

The data from the three phonological STM tasks, scored in terms of the number
of items or syllables correctly recalled, are presented in Table 1. As depicted in
Table 1, recall accuracy was similar across the serial recall and nonword repeti-
tion tasks.

As expected, digit span was highly correlated with performance on both serial
recall, rs (39) = .6119, p < .05, and nonword repetition, rs (39) = .5264, p <
.05. Also as expected, performance on the serial recall and repetition tasks were
highly correlated, rs (39) = .7541, p < .05. These results suggest that all three
tasks have some component processes in common.

Syllable frequency analyses

Interestingly, regardless of the task, digit span was more highly correlated with
performance on stimuli with a high syllable frequency: serial recall, rs (39) =
.605, p < .01, repetition, rs (39) = .632, p < .01, as opposed to a low syllable
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Figure 1. Mean number of one syllable nonwords correctly recalled in the serial recall and
repetition tasks as a function of syllable frequency.

frequency, serial recall = rs (39) = .559, p < .01, repetition = rs (39) = .336,
p < .05. However, when the differences in the relationships between digit span
and recall accuracy on the high- versus low-frequency syllables were statisti-
cally analyzed, these relationships failed to reach significance for either serial
recall, t(37) = 0.302, p > .05, or nonword repetition, t(37) = 1.800, p > .05.

The average numbers of syllables correctly recalled are presented in Figure
1. The data were analyzed using a 2 × 2 repeated measures analysis of variance
(ANOVA). The first factor was task (serial recall vs. nonword repetition) and
the second factor was syllable frequency (high vs. low).

The analysis revealed a significant effect of frequency, F(1, 39) = 8.567, p <
.05, but not task, F(1, 39) = .882, p > .05, ns, and a nonsignificant Task ×
Frequency interaction, F(1, 39) = 1.652, p > .05, ns. What these results suggest
is that the effect of frequency on the mean number of syllables correctly re-
called, is independent of which task is being performed (refer to Figure 1).
Thus, as expected, regardless of the task to be performed, recall is better when
the stimuli to be recalled consist of syllables that occur often in polysyllabic
English words.

Because the serial recall and repetition tasks were constructed so that each
stimulus did not occur in each position, an interpretation of any results obtained
across positions within each of these tasks would be both troublesome and
meaningless because of the differential influence that individual stimuli may
have on recall accuracy. That is, because particular syllables only occur in one
position, differences in performance between positions may reflect item diffi-
culty rather than position per se. It is still possible, however, to compare perfor-
mance across tasks for each position. Thus, to analyze these results further,
comparisons were performed on the differences in recall accuracy between the
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tasks, for each of the four positions. On average, participants were more accurate
at recalling syllables in the first position, when the task was serial recall (M =
30.83), as compared to the repetition task (M = 27.13, z = −4.40, p < .0125).
Analysis also revealed no difference between tasks when the syllables to be
recalled were in position 2, t(39) = −.73, p > .0125, ns. Finally, contrary to the
effects found for position 1, on average, participants were more accurate when
the task was repetition for syllables in both position 3, M = 25.78; t(39) = 3.27,
p < .0125, and position 4, M = 26.93; t(39) = 5.26, p < .0125, than when the
task was serial recall (M = 23.65 for position 3 and 23.08 for position 4).

Error analysis

Error analyses when recalling high compared to low frequency syllables re-
vealed no distinguishing differences. Thus, only results that differ from previous
studies or that show differences in the types of errors when participants are
performing the serial recall task, as opposed to the repetition task, will be re-
ported here.

As can be seen in Table 1, overall performance level was not influenced by
task (serial recall = 65.78%, nonword repetition = 66.85%). Also, when a recall
error occurred, the CV, as opposed to the C_C (first and third phoneme) or VC
structures, was the most commonly retained two-phoneme structure, regardless
of whether the task was serial recall (42.17% of all errors) or repetition (43.11%
of all errors). Last, the most common error for the serial recall (96.01%) and
repetition (93.51%) tasks was a phoneme substitution error.

DISCUSSION

The primary aim of this study was to investigate the nature of phonological
STM tasks and, specifically, to examine whether recall accuracy on such tasks
is influenced by the frequency with which one-syllable nonwords occur in poly-
syllabic English words. However, the results also provide interesting data rele-
vant to the construction of future models of STM. Briefly, the major findings
of the current study are that, as expected, a positive relationship between digit
span, serial recall, and nonword repetition was observed. Also, regardless of the
task, recall accuracy increased when the stimuli to be recalled consist of one-
syllable nonwords that occur often, as opposed to rarely, in polysyllabic English
words.

The finding of a relationship between digit span and both the repetition and
serial recall tasks replicates previous research in showing a correlation across
subjects between the digit span, serial recall, and nonword repetition scores
(e.g., Bisiacchi et al., 1989; Gathercole & Adams, 1993). Also as predicted, a
positive relationship between recall accuracy on the repetition and serial recall
tasks was observed. Hence, the current study lends support to the idea that
nonword repetition measures phonological STM (Gathercole, 1995a).

Baddeley et al. (1998) suggested that because digit span tasks employ familiar
stimuli, a stronger relationship should exist between this task and nonwords that
are rated high, as opposed to low, in wordlikeness. This suggestion is based on
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the idea that LTM representations facilitate phonological STM recall at both a
lexical and sublexical level. The current research did not investigate the relation-
ship between wordlikeness ratings and digit span directly. However, the pattern
of relationships among digit span and recall accuracy on stimuli with a high
rather than low syllable frequency was consistent with Baddeley et al.’s (1998)
suggestion, although differences between the correlations failed to reach signifi-
cance.

The finding of a facilitative syllable frequency effect on phonological STM
tasks that employ nonword stimuli is consistent with previous research that also
found that recall accuracy on phonological tasks is influenced by sublexical
factors such as the probabilistic phonotactics of the stimuli to be recalled (Gath-
ercole, Frankish, et al., 1999). These results clearly suggest that, although LTM
representations facilitate performance on phonological STM tasks that employ
lexical stimuli (Hulme et al., 1991; Roodenrys et al., 1993), LTM also facilitates
phonological STM performance at a sublexical level.

Error analyses were performed to investigate recall performance on both the
serial recall and repetition tasks more closely. The current study found that,
when a recall error occurred, phonemic substitutions were the most common
error type. Thus, in accordance with previous research, insertion (i.e., adding an
extra phoneme) and deletion errors (i.e., omitting a phoneme) are relatively
infrequent when the stimuli to be recalled are nonwords (e.g., Ellis, 1980; Trei-
man & Danis, 1988).

An interesting finding in the current study was that participants were more
accurate at recalling one-syllable nonwords presented in the first position in a
list when the task was serial recall as compared to nonword repetition. However,
when recalling one-syllable nonwords presented in the fourth position in a list,
participants were more accurate when the task was nonword repetition as com-
pared to serial recall. A possible explanation for the differences across positions
observed in the current experiment is that recall accuracy may be confounded
by the rate at which the serial as opposed to repetition stimuli are presented.
For instance, in serial recall, pauses exist between the items, whereas continuous
phonemic sequences are presented and recalled in the nonword repetition task
(Hartley & Houghton, 1996). When the task is serial recall, there is approxi-
mately a 4-s latency from the time when participants hear the initial item to
when the last item is presented and recalled. When the task is nonword repeti-
tion, however, there is only approximately a 2-s latency between stimulus pre-
sentation and recall. Thus, the differences in errors observed between the two
recall tasks in the current study may reflect a difference in decay rate. Accord-
ingly, as the duration from presentation to recall increases, recall accuracy de-
creases due to the rate at which the representation in phonological STM decays.
However, in the current study, this explanation fails to account for why recall
accuracy was better on nonword stimuli presented in the first position in a list,
when the task was serial recall as compared to nonword repetition.

Gathercole, Willis, Baddeley, and Emslie (1994) suggested that because sub-
vocal rehearsal operates in real time, it is unlikely that nonword stimuli are
rehearsed prior to output when the task is repetition. However, because pauses
exist between each of the presented items in the serial recall task, participants
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may actively rehearse the first items presented in each list. Hence, if participants
actively rehearsed the first items presented in each list, we would expect recall
accuracy on the items to be better when the task was serial recall as opposed to
nonword repetition. Thus, the results of the current study are consistent with the
idea that, whereas recall accuracy on phonological STM tasks is influenced by
the rate at which phonological representations in STM decay, when the task is
serial recall, accuracy on the initial item may be facilitated by subvocal re-
hearsal.

Recent models of STM lack the ability to account for the different error types
that occur when participants serially recall lists of nonwords (i.e., recombination
errors), as compared to those that occur when recalling words (i.e., whole word
substitution errors; Burgess, 1995; Burgess & Hitch, 1992; Hartley & Houghton,
1996; Houghton, 1990, 1993, 1994). However, a new STM model developed by
Gupta and MacWhinney (1997), based on the work of Burgess and Hitch (1992)
and Hartley and Houghton (1996), provides mechanisms to account for both
differences in recall accuracy when recalling words as compared to nonwords
and differences in the types of errors that occur when the stimuli to be recalled
are lexical rather than nonlexical items. Also, the proposal of separate lexical
and sublexical mechanisms is well accommodated within this STM model
(Gupta & MacWhinney, 1997). In this model, the phonological store and seman-
tic template mechanisms facilitate recall accuracy at a lexical level, whereas the
phonological chunk layer, syllable template, syllable layer, and phoneme layer
facilitate recall accuracy at a sublexical level. Therefore, this model can also
offer a plausible explanation for the syllable frequency effect observed in the
current study.

According to the model, a nonword is represented phoneme by phoneme. Due
to the competitive queuing mechanism, activation of these phonemes is graded,
which establishes a representation of the nonword. Phonotactic constraints are
placed on articulation from the activation of the syllable template to the pho-
neme layer. These phonotactic constraints are assumed to have been acquired
through previous experience and, as such, represent more permanent weights
(Gupta & MacWhinney, 1997). There is also a syllable layer node, which re-
ceives activation from both the phoneme layer and the syllable template and
sends activation to the phonological chunk layer. These activations are assumed
to be bound by a Hebbian adjustment of weights (Gupta & MacWhinney, 1997).
In other words, when nodes are active at the same time, connections between
the nodes are strengthened. Thus, the syllable frequency effect observed in the
current study can be explained by the stronger connections between the whole
syllable as a node in the syllable layer and between phonemes in the phoneme
layer, both of which are constrained by the syllable template. The more fre-
quently syllables occur in polysyllabic English words, the stronger are the con-
nections between the syllable layer and the phonological chunk layer. Hence,
the more likely it is that the syllable will be recalled correctly. Also, as with
nonwords that occur often in polysyllabic English words, these connections
would be strengthened each time a nonword is rehearsed. However, when sylla-
bles occur rarely in polysyllabic English words, the connections are weaker;
hence, there is more chance that the representation will decay. Therefore, the
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weaker the connections between the syllable layer and the phonological chunk
layer, the less likely it is that the syllable will be recalled correctly. Also, the
longer the duration from initial presentation to recall, the greater the decay from
the chunk node to the phoneme layer. Therefore, the current finding that partici-
pants are less accurate at recalling one-syllable nonwords presented in the final
position, when the task is serial recall as compared to nonword repetition, is
well accommodated by the view that differences between tasks may reflect dif-
ferences in the strength of phonological representations in STM due to decay
(refer to Gupta & MacWhinney, 1997, for an in-depth discussion of their STM
model).

A surprising finding in the current research was that, when a recall error did
occur, a greater number of responses retained the CV component than any other
phoneme pair. Linguistic research on syllable structure has consistently lent sup-
port to the idea that syllables have a hierarchical internal structure, which con-
sists of an onset, comprising the initial phoneme or phoneme cluster, and the
rime, which includes the final VC phonemes (MacKay, 1972; Treiman, 1983).
Although not all researchers agree about where the internal boundaries of a
syllable are (e.g., MacNeilage & DeClerk, 1969), recent research supports the
idea that when a recall error occurs, the VC component is retained (Kessler &
Treiman, 1997). This is based on the assumption that phonotactic constraints
are stronger on VC than CV couplings (Kessler & Treiman, 1997). Therefore,
the current findings are in direct contrast to contemporary research that has
consistently found that when a recall error does occur, the VC rather than the
CV component of a CVC syllable is commonly retained (Kessler & Treiman,
1997; Treiman & Danis, 1988).

A possible explanation for these inconsistent findings might be found in lin-
guistic research conducted by Treiman (1984). Based on the sonority principle,
the segments that make up a syllable are grouped according to their sounds.
While investigating the status of the final consonant clusters within English
syllables, Treiman (1984) found that postvocalic liquids (e.g., 1, h, and r) are
linked more closely to the vowel than either nasals (e.g., m, n, and n), or ob-
struents, which includes both stops and fricatives (e.g., p, t, k, and f ). Although
the stimuli used in the current experiment were matched across frequency on
the number of liquids that occurred in the first position of a syllable, a larger
proportion of initial consonants consisted of liquids than did final consonants
(i.e., 42.5 and 10%, respectively). So far, research on the degree to which the
coarticulation of obstruents, nasals, or liquids influences syllable structure has
not been conducted (Treiman, 1995). Hence, when recall errors do occur, it is
unclear as to exactly how coarticulation may affect the structure of the retained
portion of a CVC syllable.

Based on the sonority principal, newly proposed models of STM (e.g.,
Gupta & MacWhinney, 1997; Hartley & Houghton, 1996) have incorporated a
syllable template to account for the fact that when recall errors are made, they
most commonly retain the VC component. Hence, these models would predict
that when a recall error does occur, the majority of the time, the recalled item
should retain the VC not the CV component. Therefore, these models would be
at a loss to explain the current research findings that suggest that it is the CV
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rather than the VC component that is retained (for an in-depth discussion of the
syllable template mechanism refer to Hartley & Houghton, 1996). Future re-
search will need to examine the possible effects of coarticulation on syllable
structure if these models, as well as future models of verbal STM, are to explain
these contradictory results. Although the syllable template mechanism utilized
by currently proposed models of STM (e.g., Gupta & MacWhinney, 1997; Hart-
ley & Houghton, 1996) can be used to model the effects of general linguistic
constraints on articulation, such as phoneme ordering (e.g., the phonemes /tl/
cannot occur in the initial or onset part of a syllable), based on the results of
future coarticulation research, new STM models may need to include some type
of mechanism that takes into account the effects that coarticulation may have
on both recall accuracy and the structure of the retained portion of CVC sylla-
bles (when an error occurs).

Currently, factors that have been found to influence phonological STM tasks
include the lexicality of either the whole item (Hulme et al., 1991) or lexical
items embedded within nonwords (Dollaghan et al., 1993), the rated wordlike-
ness of the stimuli (Gathercole, 1995a), the number of lexical neighbors of a
nonword (Roodenrys & Hinton, 2002), and, based on the results of the current
experiment, the frequency with which one-syllable nonwords occur in polysyl-
labic English words. The current findings of a facilitative frequency effect on
phonological STM tasks, even when the stimuli to be recalled are nonwords,
suggests that caution should be exercised when interpreting results obtained
from such tasks. Thus, future research should seek to explore the relationship
between sublexical factors such as the probabilistic phonotactics and the syllable
frequency of nonword segments that have been found to facilitate performance
on phonological STM tasks (Dollaghan et al., 1993, 1995; Snowling, Chiat, &
Hulme, 1991; Wells, 1995).

A major outcome of this study is the finding of a facilitative syllable fre-
quency effect on phonological STM recall tasks when the stimuli employed on
such tasks are one-syllable nonwords with a CVC structure. Separate mecha-
nisms have been proposed to account for both lexical and sublexical factors that
influence phonological STM performance. Although recent verbal STM models
have incorporated a syllable template mechanism to account for phonotactic
constraints on syllable structure, other factors such as coarticulation may influ-
ence both recall accuracy and, when recall errors occur, the component of the
syllable that is retained.
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APPENDIX A

Stimuli for serial recall and repetition tasks with CELEX high syllable
frequency counts

Position 1 Position 2 Position 3 Position 4

High frequency IPA Syllable IPA Syllable IPA Syllable IPA Syllable
stimuli code freq. code freq. code freq. code freq.

Chizlisrownmung t1Iz 390 lIs 571 ra*n 88 m8n 306
Fingvulchaymzik fIn 233 v8l 53 t1eIm 54 zIk 134
Genriznislun gεn 768 rIz 536 nIs 1182 l8n 313
Hanvitdizful hæn 222 vIt 221 dIz 255 f8l 81
Hoscharnditpid hAs 137 t1aHn 77 dIt 47 pId 145
Jekshingrishpoyn d^εk 248 1In 304 rI1 82 p$In 154
Kaydsigmarnvik keId 63 sIg 224 maHn 121 vIk 223
Kownfaktidsem ka*n 393 fæk 301 tId 5259 sεm 95
Lanhuzfisjid læn 169 h8z 159 fIs 360 d^Id 45
Nishponcheavris nI1 162 pAn 308 t1iHv 88 rIs 103
Rupzurvsenving r8p 81 z#Hv 71 sεn 1182 vIn 1405
Sidgevenpulnuyz sId^ 114 vεn 357 p8l 58 naIz 85
Sulningfeklish s8l 67 nIn 2054 fεk 287 lI1 83
Taynsepkalforch teIn 179 sεp 400 kæl 74 f$H1 109
Tidgelifvarnses tId^ 180 lIf 60 vaHn 142 sεs 477
Tisfuydsizkun tIs 398 faId 242 sIz 3118 k8n 654
Vismemfikgan vIs 200 mεm 725 fIk 257 gæn 409
Zarmtishnufreaz zaHm 278 tI1 398 n8f 495 riHz 84
Ziznaytgingdop zIz 580 neIt 47 gIn 84 dAp 47
Zuynduslektiv zaIn 87 d8s 181 lεk 695 tIv 1453
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APPENDIX B

Stimuli for serial recall and repetition tasks with CELEX low syllable
frequency counts

Position 1 Position 2 Position 3 Position 4

Low frequency IPA Syllable IPA Syllable IPA Syllable IPA Syllable
stimuli code freq. code freq. code freq. code freq.

Bowchdeshthizsorp ba*t1 0 dε1 3 θiHz 2 s$Hp 4
Chishetnupfam t1Is 4 hεt 0 n8p 1 fæm 0
Divzurkfeafcharl dIv 0 z#Hk 2 fiHf 0 t1aHl 2
Durnlichrovtes d#Hn 0 lIt1 0 rAv 2 tεs 0
Fetchungloyzgik fεt 3 t18n 1 l$Iz 1 gIk 0
Gispoydlufshen gIs 0 p$Id 0 l8f 0 1εn 2
Hodzetgimvung hAd 0 zεt 4 gIm 0 v8n 1
Juynrasfeamgel d^aIn 0 ræs 1 fiHm 0 gεl 0
Kangtarkhebvurz kæn 3 taHk 1 hεb 0 v#Hz 0
Lepzayzhortbim lεp 2 zeIz 0 h$Ht 1 bIm 0
Lumteavezandib l8m 9 tiHv 1 zæn 7 dIb 0
Nardreszidgegorp naHd 3 rεs 7 zId^ 9 g$Hp 0
Nukrithsengchuyz n8k 0 rIθ 8 sεn 1 t1aIz 3
Pishlownzumrard pI1 4 la*n 4 z8m 0 raHd 2
Regsondarzmish rεg 0 sAn 1 daHz 0 mI1 7
Tarfkormvurdhean taHf 3 k$Hm 0 v#Hd 0 hiHn 1
Theatnigmuydrof θiHt 0 nIg 6 maId 1 rAf 4
Tolgifveschut tAl 0 gIf 8 vεs 2 t18t 3
Vasfidketnoyn væs 0 fId 0 kεt 4 n$In 2
Zoyzligfoktas z$Iz 0 lIg 5 fAk 7 tæs 8
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